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Pages by Months 


Januar . 1 to 48 
February ................ 49 to 116 
Maren 17 to 164 
April! 1865 to 212 
MaꝓũWccc . ⁊ 22213 to 260 
Junnkuæukkk . q 261 to 308 
!!!!! ⁵ 8 . . . 309 to 356 
August . 357 to 404 
September ...............-405 to 460 
October ............-....--461 to 508 
November 509 to 556 
December ................567 to 604 
A 
Accident prevention (see Safety). 
Air compressor, using vacuum pump as (R. 
Kiefer). (E. H. Laabs), 245. (C. 8 


Sandstrom). 343. 
Alarms (see Signals): 
Allis- Chalmers Manufacturing Company's plants, 


Paralleling 


e coupled to same shaft. 
(R. 8 cumment 


Huntington), 153. 
(Edward D. Carter). 250. 
Ammeters (sce under Meters). 
Are welding (see Welding). 
Armatures (see under Motor Reconnection and 
pair). 
Association Of Iron & Steel Electrical Engineers: 
Convention, program, 438. 
Convention, report of. °46°. 
Babhitt, precautions necessary in the use of 
(Maurice C. Cockshott), 42. 
Batteries, storage: 
——Charging, pointers on (G. H. McKelway). 
54 


Repairing (F. J. H. Krause), 256. 


Bearings: 
Ball: 
Cost, do they justify their (Howard 
Maxwell), 12 
Lineshafts on, operating heavy-duty 


(Stanley D. Berg). 103. 
Lubrication of, hanger boxes, 351. 
Shafts keen under inner rings of, why, 
253, comment (R. L. Brown), 300 
Changes that have taken place in (L. A. 
Hillman), 5127. 
Drip oe prevents oil dripping. oversized, 


Dust geal for hanger box and pillow blocks, 
54. 
Poni motor. removed and repaired (Don- 
ald A. Hampson). 253. 
Motor. proper care of (George B. Heron), 
299. 


Motor. (Carl 
G 


selecting material for small 
Howard), 599 


p: i 

Centrifugal. renewals in (Maurice 
Cockshott). 398. 

Tight. motor trouble. traced to (Grady 


H. Emerson), 
—— Roller: 


Cost. their (Howard 


do they uey 

Ged. 20 N 912 
Improve 260 
Ra in loose pulleys (Donald A. 

Hampson), 597 

Running in. which heat up when new. 
helps on (M. J. E.). 352. 

Sleeve, use of an improved type of (J. 8. 
Murray). 2473. 

Steel pipe in place of cast shell. cost de- 
creased by using (D. W. Blakeslee), 
156. 

Trends and new practices in use of (G. A. 
Van Brunt). 55. 


B 
Belts: 


——Lapacity, how service conditions affect (R. 
F. Jones), 265 

Discarded, for amal! machine drives, work - 
ing up. 451. 

Double, reused on small drives. old. 500. 

Drivings, on short centers with high pulley 
ratios, 43. 

Installation. saving half on a 


(editorial 


comment), 90. 
Done coe eee (Donald A. Hamp- 
r 
___guality of leather. determining the (Louis 
W. Arny). 479. 
Reclaiming leather (J. Edgar Rhoads). 190. 
Short-e nter. drives using idlers, laying 
out (Robert W. Drake). 5166. 
Slip as safety link in machine drives (E. 
D. F.). 103. 
Trends and new practices in use of (G. A. 
Van Brunt), %55. 


Trouble to happen, why wait for (editorial 
comment), 348. 
Bolts, dimension specification for ordering stud 
(Arthur L. Greene), 353. 


January to December, 1925 


GENERAL INDEX 


Books, practical: 
Batteries, storage 
t 


—Calculus for home study, 
Irwin Palmer). 16°. 

Drafting and design, electrical (Calvin C. 
Bishop), 210. 

— Electrical engineers’ handbook for (edited 


(George Wood Vinal), 


practical (Claude 


by Harold Pender), 114. 
Electricity for practical men, applied 
(Arthur J. Rowland). 114. 
Electroplating and electroforming. prin- 


ciples of (William Blum), 114. 
Engincering. elements of electrical (George 
D. Shepardson), 162. 
Engineering in American industry (Conrad 
Newton Lauer), 
Eye hazards in A occupations 
9 Resnick and Lewis H. Carris). 
Gas, natural (Lester Clyde Lichty). 
Heating and ventilating engineers’ 
American Society of, 210. 
pt a electricity (Chester L. Dawes). 


162. 
guide, 


Industrial electricity—direct current ma- 
chines (William H. Trimble), 114. 
Life work. choosing your (William Rosen- 

garten), 162. 
Light and work (M. Luckiesh), 114. 
Magnets (Charles R. Underhill), 114. 
Mathematical analysis, practical (H. Von 
Sanden), 210. 
Radio. practical (James A. Mover and John 
F. Wostrel), 210. 
—Suhstation operation (Edwin Kurtz). 210. 
Tulley's handbook in three volumes (James 
F. Hobart, revisor), 162. 
Welding and cutting manual, are, 162. 
Wiring, conduit (Terrell Croft). 114. 


Wiring, electric (Albert A. Schuhler). 162. 
Braymer, O. H (Practical Pete), *262. 
Brushes: 

Selecting. points to consider in. 499. 

Maintenance, commutator and (E. 8. 

„ Howe). 575. 


. Buick Motor Company's factory. housekeeping 


in the (Practical Pete), 405. 


Buildings (see Plants). 

Busbar, device for bending copper (8. H. Sam- 
ucla). 547. 

Business Publishers“ International Corporation 


formed, 460. 


C 


Cables: 

Size of, for intermittent rated motors. de- 
termining (Phil D. Comer). (G. H. 
McKelway). 195, and SCO Crop- 
per), (Donald Ferguson), (R. F. Em- 
erson). 291. 

——Splice on heavy. making a sleeve (S. H. 


Samuels), ©152, and (G. H. McKel- 
way), 596. 


Car to carry men to top of incline. electric, 5397. 


Ceiling as safeguard when cutting holes, shor- 
ing up, 445. 
Chain drive: 
Enclosing and lubricating silent (Paul 
Wheeler), 5133 
Feed-belt drive improved operation, simple 


n in a (Donald A. Hampson), 
50 
(Dean W. Taylor). 


Endy uel motors and 

@e 

——Parallelism of shafts on a. e (Don- 
0 


ald A. Hampson), 501. 
Problem (Practical Pete). 557. 
Sprockets for. living up (E. H. Laas). 
195. (P. 8. Pender), 32. 


Charts (see Records): 
Circuit breakers, oil: 


Electrice Power Club's instructions for in- 
stalling, 5373. 
—Oil for. inspection and testing of, 153. 
—Selection and maintenance (George A. 


Burnham). 465, (M. J. Wohlgemuth 
and E. K. Read), 468. 


Clutches, trends and new practices in use of 
(G. A. Van Brunt). 55. 
Coal (see Handling materials). 


Code, National Electrical. 
hanges in, summary of (G. A. Van Brunt). 
529. (editorial comment), 537 
Give the, a chance to answer your ques- 
tions (editorial comment). 189. 
(see ToN Motor Reconnection and Re- 
pair 
Communication (see Signals and Telephones). 
Commutators (see Motor Repairs). 
Compensator (see Motor control). 
Concrete: 
—Conduit. cleats or bolts to. attaching (S. 
W. Stearns), 198. 


Coils 


——Pillars supporting lineshafting on (E. I. 
Pease), (H. D. Fisher). (H. 8. Rich), 
(E. L. Way), (E. H. Laabs). (C. O. 
Sandstrom), 240. 

Condenser. using rotary converter as svnchro- 
nous (Robert W. Drake). 262. 

Conductors (see Cables and Wires). 

Conduit (see aleo Wiring): 

—Ceiling beams. lining up. on (P. 8. Pen- 

der), 93. 


*Indicates illustrated articles 


Conduit (Continued): 

Fittings, threadless, *601. 

Construction during 1925, new industrial (edi- 
torial comment), 

Control. motor (see Motor control). 

Converter as synchronous condenser, using ro- 

8 tary (Robert W. Drake). 262. 

osts: 


Pays the fiddler, when you 5 some 
one (Practical Pete). ° 

Price. do not judge by the ea ora com- 
ment), 385. 

Savings depend on vision as well as vol- 
ume, plant (editorial comment), 384. 

Couplings: 

Flexible. improved. 602. 

Flexible, will they reduce gear shock on 
motors? (William J. Mildon). 538. 
Trends and new practices in use of (G. A. 

Van Brunt), 55. 
Covers for idle machines are a good invest- 
ment (editorial comment), 437. 
Cranes (see also Hoists): 
A.c., trouble on. corrected by dynamic 
braking (R. F. Emerson), 448 
Monorail, trolley wire supports for (M. H. 
Case), (Lachlan A. McEwan). (Earle 
N. Dillard), (A. Fiess). 386. 
Motors in parallel on bridge motion of. 
operating (D. W. Blakeslee). (A. J. 
Conway), 340. (R. F. Emerson), 498. 
Operators of overhead wires, warning (R. 
. Bahney), 447. 

Stopping. at point of small clearance. safety 
device for (J. Elmer Housley), °99. 
Trolley wire when it breaks. safety device 

for killing live (O. E. Bricker), °101. 
Yard. overcomes bad loading condition 
(Donald A. Hampson). 296. 
Crusher, motor-driven pot (H. 8. Rich), 
Cutting outfits, odd-time uses of, 495. 
Cutting piate, construction of foot-operated 
roach for (G. A. Luers), 502. 


D 


Demand limitator, power, 

Diagram (see Records). 

Distribution: 

——Grounding secondary of 3-phase, 220-440- 
volt (Edward A. Gibbs). (H. 8. Rich). 
(Donald Ferguson), (C. Otto von Dan- 
nenberg), 8. 

——Grounds, using graphie meters for detect- 
ing (R. H. Bahney), 415. (editorial 
comment), 436. 

—Overhead electrical circuits, layout of (J. 
Elmer Housley) „358. 


„155. 


602. 


Woodworking plant, power service lavout 
for a (Francis A. Westbrook), 316. 
Drills. heavy-duty. 4-in., 600. 
Dust: 
Removing. produced in industrial plants 


(Charles L. Hubbard). 320. 
Separating, from air in industrial plants 
(Charles L. Hubbard), 366. 


E 


Eaves troughs. two ways to get longer life from 
S. W. Stearns). 150. 
Editorial 3 30. 90. 140. 188. 238. 2 


38. 384. 436. 488. 536. 584. 
Electric Power Club: 
——Circuit breakers and power switching 
equipment instructions for installing 
oil. 373. 
Motors, how variations in voltage and 


frequency affect induction. 396, 
Switchboards. recommendations $ installa- 
tion and care of power, 327 
Electromagnets (see Magnets). 
Elevators, electric: 
Man. past top floor, stop which prevents 
riding. 197. 
Motor. trouble caused by plugging (H. 8. 
Rich), (W. J. Neustedter). 96. 
EMF Electrical Year Book sold to McGraw- 
Hill Company. 604. 
safety and the electrical (John A. 
Oartel). 471. 
Equipment. make conditions justify the use of 
special (editorial comment). 338 
Executives come from. where will 
(editorial comment). 30. 
Factor, power (see Power factor). 


F 


Fans (see also Motors and Motor reconnection 
and repair). 
ai y driven, helps keep the shop cool, 
Fiddler, when vou dance some one pays the 
(Practical Pete). %357. 
Filing (see Records). 
Fires: 
— Could vou afford to have a. 


(Editorial comment), 
Organization of fire prevention in industrial 


Engineer, 


your 


18. your plant? 


works (K. P. Babcock), 98. 

Poor housekeeping causes most plant 
(editorial comment). 239. 

Prevention in industrial plants. rules 


governing (G. A. Luers), 247. 


Gem. 


JANUARY-DECEMBER, 1925 Gere 
Floors: 
-——-Gratings for openings, metal (Donald A. 


Hampson). 546. 
Linoleum. making a close seam when 


laying, 296. 
Saw to cut out wooden, 247. 
—Sweepings. trap for, 197. 
Trucking runways, comparative costs on 
three types of, for (L. J. Clayton). 


249. 
Fumes, gases and vapors, removing obnoxious 
(Charles L. Hubbard), 276. 
n electric melting (J. A. Seede), 470. 
uses: . 
Accessibility of, is big factor in laying out 
poder circuits (Edwin V. Lambert). 


154. 
capacities by different colors, designatings 

(A. W. Oppmann), 40. 
—Color scheme prevents misuse of (Charles 
Hepner), 228. editorial comment, 


238. 

——440-volt circuits, voltage rating for (H. T. 
Bussmann). (Edward James). (J. L. 
Broyles), (P. S. Pender), (Phil. D. 
Comer), (Earl Baber), 96. (Grady_H. 
Emerson), (L. T. Johnson), (G. H. Mc- 
Kelway), 245. 

——Open, failure of best lamps to show (Dean 

W. Taylor), 99. 
Renewable link. tool for inserting (W. L. 
Stevens). 198. 

Renewals on the night shift (E. B. F.). 41. 

——Replaceable, simple and easily (Harold F. 
Benson). *600. 

——30 amp. and 60 amp., use of (E. T. Car- 
penter). 448. 

wire, current values required to fuse solid 
copper (Frederick Krug). 449. 


G 


Gases, fumes and vapors, removing obnoxious 
G (Charles L. Hubbard), 276. 
ars: 


——Aligning motor pinion with the gear it 
drives (Donald A. Hampson), 398. 
Bevel, reducing cost when ordering (Warren 
Jones). 254. 
——Breakage of. stopping (Grady H. Emerson), 
(C. O. Sandstrom), 491. 
——Reductions with oil circulating system. 
modernizing sets of old-type (Maurice 
C. Cockshott), 550. : 
Shock on motors. will flexible couplings 
reduce? (William J. Mildon). 538 
General Electric Company's plants, 2. 
Generators: 
A. C., used as synchronous motor (Lee F. 
Dann), 195, (G. B. Heron), 292. 
——Automobile, trouble with rewound ( Edward 
James), George D. Ringness). 245. (B. 
Belcher), 343. 
Excitation for. emergency 
Dannenberg). 386. 
— 3 yan ago, installed (Practical Pete). 
Ə 


Motor as. operating d.c. (Nicholas J. 
Weiss), (W. Montelius Price). (J. M. 
Waleh), (C. Otto von Dannenberg), 


one. with two engines. driving (Grady H. 
Emerson), 243. 
——110-volt. for 6 volts. rewinding (William 
B. Cone), 340. 
30 vears of service (Practical Pete), 165. 
Turbo (see Turbo-Generators). 


(C. Otto von 


Glass. drilling holes through plate. (D. W. 
Blakeslee). (John Griva), (A. C. 
Barker). 592. 

Greases for industrial lubrication, using oils 


and (Frank E. Gooding), 558 
construction and uses of a 
Paulsen). 502. 


H 


Handling materials (see also Conveyors. Cranes. 
Hoists, Magnets, Tractors, Trailers. 
Trucks, etc.). 

Air ip industry, by, (Charles L. Hubbard), 


„Cat's paw” hitch for lifting heavy loads 
(S. H. Samuels). 393. 

—Coal, equipment, interlocking the control of 

(Roger F. Emerson), 251. 

pay for themselves, where (Frank 
E. Gooding), 65. 

Following precedent or following the leader 
(editorial comment), 31. 

Sling chains are abused, ways in which 
(David Fliegelman). 223. 

Ton of output, how many tons do you 
handle per (editorial comment), 339. 

Tees from conduit, making (W. B. Cone), 


Growler. (W. E. 


Heaters, electric (see Heating). 

Heating, electric: 
I. & S. E. E.. committee report (George 

H. Schaeffer), 469. 

——Cooperage plant. in (S. A. Frost), 547. 

Developments in (Arthur J. Whitcomb). 


—Hard-to-heat spots in your plant, have you 
any (editorial comment), 537. 

Heat treating applications, electric (E. A. 
Hurme). 469 


——-Ingots, of (Ralph A. Butler), 471. 

—~Lucoumotive wheel tires, to remove (J. H. 
Gallant), 44. 

Space in battery manufacture (P. E. 
Norris), 251. 

Wood before bluing, electric heat supplants 

steam for preheating (J. L. Faden). 

Hiring and firing of men, the (editorial com- 

ment), 489. 

Hoists: 

Air, 


saves floor space in steel chip dis- 
posal (W. H. Wineman), 347. 


INDEX 


Hoists (Continued): 
—Controller, new 602. 
Efficiency of elements, of hoisting mechan- 
isms, determining combined (William 
I. Laing). 102. 
Sling chains are abused. ways in which 
(David Fliegelman), 223. 


I 


Ice machine shaft turned without removing 
(Donald A. Hampson), 205. 
Incandescent lamp (see Lamps). 
Industrial centers, growth of well-known (Frank 
E. Gooding). °6. 
‘Industrial Engineer's” new boss (Practical 
Pete), °262. 
Inspection and Maintenance: 
Inspection: 
Bearings, proper care of motor (George 
3. Heron), 290. 
Charting frequency of making, 97. 
Motor, form helps in training 
spectors (C. H. Hart), 39. 
— Maintenance: 
Brush and commutator (E. S. Howe), 


in- 


Corona Typewriter Company, in (C. D. 
Corwin), 50. 

Cost, the wrong way to decrease (edi- 
torial comment), 238. 

Covers for idle machines (editorial 
comment), 437. 

Diaries on jobs, advantages of keeping 
L. J. Clayton), 346. 

Difficulties instead of overcoming them, 
avoid (editorial comment), 287. 

Grounding circuits, °39. 

Repairs that show the value of experi- 
ence, reminiscences on mechanical 
(Donald A. Hampson), 203. 

Small-plant, problems (Maurice C. 
Cockshott), 567. 

Spare equipment also. test and main- 
tain (editorial comment), 437. 
Spare part stocks as breakdown in- 

surance (editorial comment), 188. 

Steel mills of large motors in (O 

Needham), 423. 

Today will save repairs tomorrow (edi- 
torial comment), 385. 

Tools, developments in, *84. 

Tools for, portable power-driven (edi- 
torial comment), 489. 

Trouble shooter for a machinery builder, 

reminiscences of a (Practical Pete), 
2131. 182. 
Installation (see Motor installation). 
Instruments (see also Meters). 


— Overhauling electrical measuring (J. D. 
Zook), 219. 
Insulation: 
Motor, using megger for testing (E. I. 
Pease), (William Glameyer). (C. Otto 


von Dannenberg), (A. C. Roe), 442, 
(Lee F. Dann), (Edward James), (H 
Chariton), (Ralph McKinney), 344. 

Motor. voltage for testing, 206. 

Slot, thickness of mica required for (Edward 
James), (A. C. Roe). (Ralph Me- 
Kinney), (Grady H. Emerson), 344. 

Testing. resistance reduces shutdowns (J. S. 
Murray), 498. 

Inventory (see under Records). 

Iron (see Handling materials). 

Iron and Steel Electrical Engineers (see Asso- 

ciation of—). 


J 


If you do your work well enough you 
won't have to do it (editorial com- 
ment) 239. 

Message from Bettendorf, Ia.. 
short (Practical Pete), 461. 

Responsibilities, let your men assume some 
(editorial comment), 436. 

You can't lift yourself by your boot straps 
(editorial comment), 585 


L 


Ladder 55 uses. substantial metal. 


Job: 


here is a 


a 

Lamps (see also Lighting): 

—+—Overvoltage on, means short life (editorial 
comment), 339. 

——-Synchronizing, voltage rating of lamps used 
for (Ovide C. Harris), R. M. Bush), 
(Phil D. Comer), (Frederick E. Nim- 


meke), (C. Otto von Dannenberg). 
Jea ward A. Gibbs), (D. W. Blakeslee). 
Test, on grounded circuits (J. Elmer 
Housley), 395. 
Lighting (see also Lamps): 
Better, in industrial plants (Roy A. 


Palmer), 363. editorial comment, 384. 
—Circuit connections, determining lighting 
(Henry Mulford), 548. 
Daytime. why burn lights in the (editorial 
comment), 437. 
Design in illumination of factories, proper 
(D. W. Blakeslee). 199. 
Development in, equipment (Arthur J. 
Whitcomb), 107. 
Eye hazards in your plant, what and where 
are (editorial comment), 385. 
Glare, treating windows to prevent (A. J. 
Lodder), 538. 
——Good. features that distinguish a (Roy A. 
Palmer), 476. 
— Mill lights when not needed, saving in turn- 
ing out (D. W. Blakeslee), 396. 
light means more production (edi- 
torial comment), 536. 
Pattern storage building, layout of system 
for (D. W. Blakeslee), 594. 
Reflectors, do vou need more lighting units 
or cleaner? (editorial comment), 385. 


*Indicates illustrated articles 


More 


x 


III 


Lighting (Continued) : 
flectors essential for efficient, 
(Allison J. Thompson), 154. 
Repair shop, layout of system for (J. R. 
Cravath), 553. 
Lineshafting (see Shafting). 
Hnoleum, ma ng a close seam when laying, 


clean 


Literature (see Books and Trade literature). 
Load, making a survey of the power (H. 
335 „310, editorial comment. 


Lubrication (see also Bearings): 
Ball bearing hanger boxes. of 351. 
——-Gear reductions with oil circulating systems. 
mon ing (Maurice C. Cockshott), 
——Jackshaft bearing of mill-type motor leaks 
oil (A. L. Gear), (E. H. Laabs), °94. 
Kink helps in automatic 5 of ma- 
teria] (Arthur L. Greene), 394 
— ils and greases for industrial (Frank E. 
Seeding |: 558. 
Pressure. apting grease cup to apply (8. 
H. Samuels), 351. 
Static electricity cause of shock to oilers 
L. E. Beneze), 103. 
Lumber, construction of a crib for piling 
(Donald A. Hampson), 446. 


M 


Magnesia to be used again, cutter for tearing up 
scrap (Maurice C. Cocksnott), 546. 

Magnets, lifting: 

A. C., essential construction details of 

(Philip G. Bernholz), 105. 

Iron in cement mill, removes tramp, 297. 

Steel scrap. for handling. 250. 

Maintenance (see Inspection and Maintenance). 

Makeshifts are not intended for permanent use 
(editorial comment). 584. 

Material handling (see Handling materials). 

McGraw, James H. medals (editorial comment), 


McGraw-Hill Company buys EMF Electrical 
Year Book, 604. 

Measurements (see Meters). 

Megger for testing insulation of motors, how 
to use (Lee F. Dann), (Edward 
James), (H. Charlton). (Ralph Mc- 
Kinney), 344, (E. I. Pease), ( illiam 
Glameyer). (C. Otto von Dannenberg), 
(A. C. Roe). 442. 

Meters: 


Graphic. for setting overload relays, using 
(G. A. Shariand), 564. 
——_—Grounds, graphic meters for detecting (R. 
ae *415, editorial comment. 
436. 
——Overhauled. how often do zou have them? 
(editorial comment). 286. 
Overhauling (J. D. Zook), 219. 
Power factor, connecting three--phase (Lee 
F. Dann), (Edward James), °388. 


Power factor, does not register (C. Otto 
von Dannenberg). (W. N. Goodwin. 
Jr.). (William P. Amanns), (B. W 


Hamilton). (R. M. Bush), 59 
e trouble with (Edward ames), 


Watt-hour: 

Connecting. to three-wire circuit, 
(Donald Ferguson). (Edwin 
Lambert), (C. Otto von Dannen- 
berg). (Lee F. Dann). (Nathaniel 
W. Blanchard), 194. (Herbert 
King), 492. 

Connecting Westinghouse type C. to 3- 


hase. 4-wire circuit (C. Otto von 
annenberg), (Lee F. Dann), (C 
W. Roselle), 243. 
Read alike, will these (Lyle Hen- 
dricks) (J. J. Conway). (Herbert 
Ene ). (C. Otto von Dannenberg). 
* „ 
Mica. device for undercutting (Royce L. 
Grimes). 45 
Mills: 


Paper, power drive and motor control layout 
8 ste S. Newcomb), 510 
teel: 


Motors in. maintenance of large (O. 
Needham). 423. comment (W. J. 
Sternad), 547. 


Steel: 
Operation, problems of (Arthur J. 
Whitcomb), 406. 
Mistakes, let them teach their own lessons 


(editorial comment), 30. 
Molds from plaster of paris. making patterns 
and (G. A. Luers), 159. 
Motor bearings (see Bearings). 
Motor control: 
——Loal-handling equipment, interlocking the 
control of (Roger F. Emerson), 251. 
—Compenrator: 
440-volt coil, emergency use of 110- 
volt no-voltage release on (W. L. 
Stevens), 350. 
Handle locked to 
motor, 40. 
Portable unit for emergency use (J. F. 
Morgan), 100. 
——Contactors will not close on low voltare 
Le H. Laabs), 440. (J. M. Walsh). 
Developments in use of (Arthur J. Whit- 
comb), 71. 
Paper mill power drive and, layout (C. 8. 
Newcomb). 510. 

——Relays, using a graphic meter for setting 
overload (G. A. Sharland), 564. 
Resistance to use. how to determine 

amount of plugging (Martin G. Lane). 


prevent starting 


191. 

——Slip rings injure motor, will shorting 
(D. W. Blakeslee), (C. Otto von 
Dannenberg). (E. A. Finley), Nicho- 


las J. Weiss). (Phil. D. Comer), (John 
F. Byers). (Lee F. Dann). (R. M. 
Bush), (W. Montelius Price), 441. 


IV 


Motor control (Continued) : 

Shunt motor having grounded field coil. 
emergency method of operating (L. P. 
Staubitz), *594. 

e 


C. motors, calculating starting 
resistance for (Donald Ferguson), 


(E. I. Pease). (P. Pender). 
(Cecil H. Green). 389. 
Full voltage. of larger motors 


(editorial comment), 188. 

How does this motor start? (R. F. 
Emerson). 440. 

Induction, effect of full-voltage start- 
ing on. 349. 

Induction motor. what happens in 
(editorial comment), 384. 

Resistance for d.c., calculating (Ed- 
ward James), (Halsey De Graw). 
(Edward H. Hausler). (Michael 
Reuter). 246. 

Squirrel-cage motors across the line. 
throwing large (H. Banholzer). 
(C. Otto von Dannenberg), (F. F. 
Emerson), (H. D. Fisher), (L. J. 
Clayton), 191. 

Trouble cured by applying common 
sense (Donald A. Hampson), 200. 

Trouble. unusual combination of 
motor and starter (J. A. Horton). 


449. 

Motor drive (see also Belts, Chains, Couplings, 
_ Gears. etc.) 

Accident hazards on power transmission 
SOO. reducing (Harry C. Peter- 
gon), 5 

coupling and extra bearing saves $195 
yearly. installation of flexible (N. A. 
Cozzens), °598. 

Developmenta in use of (Arthur J. Whit- 
comb), 71. 

Flexible, short-center, *601. 

Individual motors and silent chains (Dean 

W. Taylor). 214. 

——Keysetting machine to power drive, chang- 

ing a hand-power (W. L. Stevens). 


00. 
Paper mill (C. S. Newcomb), *510, 
Pioneering with (Practical Pete), *309. 
Presses, getting more power at the die of 
punch, 254. 
Problem (Practical Pete). 557. 
Speed changes, securing co-operation of 
operators when making (Donald A. 
Hampson), 102. 
speed transmission on an assembly 
conveyors savings made with variable. 


Special requirements, for, *200. 
Temporary, special base makes portable 
motor stationary for (L. C. Shearer), 


MOOT at kale 5 
arting trouble with (Herbert King). 
(E. J. Morrissey). (Nicholas J. Weiss) 
(C. Otto von Dannenberg), 144. 
——Testing small single-phase and three-phase 
motors, set for (C. Otto von Dannen- 
berg), (Lee F. Dann). 144. 
Motor inspection (see Inspection and Main- 
tenance and Motor Repairs). 
Motor installation and mounting: 
—Ceiling as safeguard when cutting holes. 
shoving up, 445. 
— Ceiling. on (B. Dowick), (H. F. Fox). 
(C. N. Shafer), (Edward James), 590. 
Columns. standardized type of platform 
for. 597. 
Headroom, mounting a motor with a belt 
pyara to give (Donald A. Hampson), 


F Increasing size of mountin 
motor (H. W.). 42. n 
——Shield protects motors from dripping 
moisture: removable (H. D. Fisher), 
Motor maintenance (see Inspection and main- 
tenance and Motor repairs). 
Motor reconnection and repair: 
Armatures: 
Banding a 


large. under difficulties 
(Maurice M. Clement). 453. 

Bands, eddy currents cause of trouble 

8051 wi E. Kani: e205. 

s. cleaning strap copper (A. C. 
Roe). 600. ae 

Coils, how to find the lead throw of 
(A. C. Roe and D. H. Braymer). 
485. 

Defects in. inexpensive outfit for locat- 
ing (George E. Ringness), 104. 


Dip and bake, how t A. C. 
and o ( C. Roe). 


Dipping and baking. convenient 
arrangement for (A. H. Kopp- 
rasch). 9302. 

Dipping and baking, savings affected 
by, 255. 

C., number of bars covered by 
brushes on wave-wound (Cecil H. 
Green), 292. 

D. C., tested with voltmeter (C. Otto 

von Dannenberg), (Nathaniel W. 
_ Blanchard). 242. 

Direction of winding, without changing 

rotation, how to change (George 

William Hanlon), 159. 

connecting commutator leads of 

aa 25-Cycle disk (E. A. Otto). 

Growler for testing (P. Justus). „14. 

Rewinding, for electric drill (A. C. 

_ Ror), (J. A. Clark, Jr.). (J. M. 

Zimmerman). 587. 

Scrapped instead of repaired, when 
should they be (George D. Ring- 
ness), 345, (Edward James). 443. 

Small. device for winding (E. 
Winkler), (L. Konstan), 590. 

Speed. rewinding increased . Bel- 
cher). (George Ringness), (M. V. 
Miller), 345. 


Fan. 


INDEX 


Motor reconnection and repair (Continued) : 
Testing equipment gave puzzling re- 
ule defective (J. A. Horton), 


Wave-wound. laying down commuta- 


for leads in (James H. Hanley). 
Winding, by machine (P. E. Chap- 


man). 230. 
t for small (J. P. Kincaid). 
Babbitt, precautions in the use of (Maurice 

C. Cockshott). 42. 


shes: 

Chattering, cause of (Edward James). 
C. N. hafer), (William J. 

Mildon), (Grady H. 


589. 
Spacing. obtaining proper (John E. 
Holtman), 257. 
— Changed. should the entire motor or only 
a part be? (editorial comment). 189. 
Coils: 
Armature, how to find the lead throw 


——Bru 


Emerson) 


of (A. C. Roe and D. H Bray- 

mer), *485. e 
Counting turns when winding, device 

for (George D. Ringness). 552. 


Field, emergency method of operating 
synchronous motor having shorted 
(M. G. Rees), 349. 

Field, locating reversed, with carbon 
lamps (W. L. Stevens). 596 
Purchased or made in the repair shop. 
should they be (J. Elmer Hous- 
ley). (A. C. „ 147, (G. R. 
Hofmann), (Grady H. Emerson). 
(W. O. Hurlbut). (George Crop- 
per), B. Finch), (H. J. 

Achee). 289. 

Turns in a, without opening it, how 
to determine (Phillip G. Bern- 
holz). 159. 

winding. use of revolution counter in 
(Maurice M. Clement). 204. 

——Commutators: : 

Bars. clamp for replacing (Donald 
A. Hampsron), 552. 

Bars. cleaning old (A. C. Roe). 600. 

Black. turning (Nicholas J. Weiss), 
(W. C. Kalb), (Donald L. Hoare), 
(H. C. Mills), (Edward A. Gibbs). 


35. 

Interpole motor, trouble with (George 
Cropper), (J. M. Walsh), (Rodger 
F. Emerson). (G. B. H.]. 
(Frederick Krug). (Nicholas J. 
Weiss), 143. 

Mica. device for undercutting (Royce 
L rimes), 45. 

Riveter (YDS: repairing (C. B. Keck), 


Slotting cutters. emergency method of 
thinning (J. A. Horton). 104. 
Small. emergency alterations to (George 

William Hanlon), 257. 
36-bar, instead of 24-bar, using (A. C. 
Roe), 504 


Emergency repair insured protection against 
field breakdowns (Grady H. Emerson), 


158. 
——-Failures, visual record system for (Comer 
D. Hazen). 517. 

Fans, removing cores of (G. H. Ennis), 
302, (O. B. Eve). (A. L. Wallof). 544. 

——Field cores from fractional horsepower 
mop removing (Carl G. Howard). 

Frame. quick repair of broken (Donald A. 
Hampson), 599. 

——Generator, operating direct-current motor 
as (Nicholas J. Weiss), (W. Montelius 
Price), (J. M. Walsh). (C. Otto von 
Dannenberg). 494. 

Grounds. using an autotransformer for 
locating (W. B. Cone). 600. 

ums keeping from (Edward James). 


——Lighting system and equipment in re air 
shop, layout of (J. R. Cravath), 553. 
——-Oil rings were cast and turned down, how 
babbitt (Donald A. Hampson). 
Polyphase, single-phase operation of (R. G. 
Warner and W. B. Hall), *185, com- 
ment (W. L. Lodge), 298. answer (R. 
G. Warner), 299. comment (Charles C. 
Cobb. Jr.). 348. 
Pump bearings. motor trouble traced to 


tight (Grady H. Emerson), 156. 
comment (H. S. Kellogg). 499. 
——Repair work study may save money 


(editorial comment). 339. 

——Replacing motors when trouble develops 
(George D. Ringness). (M. V. Miller), 
(Edward James), (John W. Cubbage). 
(Grady H. Emerson), 389. 

Rotor: 
Banded under difficulty. how a 750-hp. 

motor was (S. H. Samuels), 158. 

cause trouble with electric 

grinder, loose (B. Belcher), 255. 

Shop equipment developments. 84. 

Shops. operating and managing (George P. 
Svendson), °27, editorial comment. 31. 

Slow. why does this motor run? (Earle 
N. Dillard). (R. F. Emerson). (Frank 
Harle). (Edward A. Gibbs). (Edward 
James), (William B. Cone), 392. 

Speed change affect horsepower, how does 
(H. J. Achee). 33. 

Speeded up. why motor cannot be (J. J. 
Conway). (G. B. H.). (J. M. Walsh). 
(K. L. Hansen), 93. 

wo- phase motor for three-phase opera- 


Bars 


tion. changing : Roe). 206. 
(Charles R. Suge). 289. (V. O. 
Misner), (Charles R. Sugg). Lee F. 
Dann), (S. W. Stearns). 491. 


I hree-phade. broken connection cause of 
peas behaviour of (J. E. Gallant). 
348. 


Indicates illustrated articles 


VoL. 83 


Motor reconnection and repair (Continued) : 


Variety may add spice—but (Practical 
Pete), 213. 
——Winding : 
Chorded split-loop, laying in a (A. C. 
Roe), 452 


, 2452. 

Cleaning (C. N. Shafer). (William F. 
Garcin). (J. F. Gordon). (M. V. 
Miller), 542. 

Coil per slot, having one (A. C. Roe), 


Delta-and Star-connected, advantages 
of (Lee F. Dann), (Charles F. 
Cameron), (R. B. Turner). 36. 

D. C. Armatures, practical pointers 
and rules for (A. C. Roe an 
D. H. Braymer). 5380. 432 
connection, 502. 

Field, improper connection of (J. A. 
Horton), *206. 

Frog leg d.c. armature (W. H. Powell 
and G. M. Albrecht). 462. 

Induction, change in (A. C. Roe). 157. 


One bar per slot. that have (A. C 
Roe), 136 


Re-entrancy in lap and wave (A. C. 
Roe and D. H. Braymer), 2582 
Rewinding and repairing armatures and 

move (Chester A. Williams). 

Rewinding data, taking and recording 
(A. C. Roe), 281. 333. 

for (A. C. 


Speed and voltage change. 
Roe), 45 


Wave. is retrogressive or progressive, 
determining when a (A. C Roe). 


92. 

Motor starters (see Motor control). 

Motor testing (see Testing). 

Motor troubles (see Motor repairs). 

Motors (see also Motor control, Motor drive, 
Motor installation, Motor repairs) : 

Developments in (Arthur J. Whit- 

comb). ° 


——F lywheels. selecting motors for machines 
that require (Dean W. Taylor), 43. 
Induction: 
Textile mills, first one in (Practical 
Pete), 309. 
Variations in voltage and frequency 
affect, how, 396. 

Nameplate data, meaning of (Edward H. 
Hausler), (George Ringness), 148 
Polyphase, single-phase operation of (R. G. 

Warner and „B. Hall), 185. com- 
ment (W. L. Lodge). 298, answer 
(R. G. Warner). 99. comment 
(Charles C. Cobb. Jr.). 348. 
Record system (J. F. Morgan), 297. 
Slow. sůpeed. is it coming back? (editorial 
comment), 286. 
Synchronous. using ac. generator as (Lee 
F. Dann). 195. (G. B. Heron). 292. 
——Two-speed, advantageous applications of 
(Dean W. Taylor), 101 


N 


New equipment for plant operation and main- 
tenance, *601. 


use of 


1924, changes in mechanical and electrical 
g equipment, 52. 
1925, construction during, new industrial (edi- 


torial comment), 90. 


O 


Oil: 
m Circuit breaker, inspection and testing of, 


——Grease and. for industrial lubrication 
(Frank E. Gooding). 558. 

——Tanks, cleaning sludge from fuel (W. B. 
Clarke), 150. 

Transformer, when did you test your? (edi- 
torial comment). 238. 

Old equipment, what do you do with? (editorial 
comment). 239. 

Ovens. electric baking: 

Heat 2825 from, reducing (C. D. Corwin). 


X-ray machine coils, speed production of 
(W. 8. Werner), 497. 


P 


Packing gland, simple stuffing box without a 
G. A. Luers), 301. 


sheet-metal work (Donald A. 
Hampson), 394. 
——Plaster and brickwork, priming coat for 


(Donald Maxfield). (A. J. Calhoun), 


36. 
Mechanical. of industrial plants (Keene 
Richards). 173. 
put broom and paint brush on your pay- 
roll (editorial comment), 536. 
Partitions in office and factory, industrial 
(Frank E. Gooding), 23. 
Path of power service: 
Electrical devices in (Arthur J. Whitcomb). 
71. correction, 200 
Mechanical (G. A. Van 


equipment in 
Brunt), 55. 

Patterns and molds from plaster of, paris (G. 
A. Luers), 159. 

Pipes, standardized identification markings for. 


. 

Plans are not finished until results are known 
(editorial comment), 

Plant: 


Broom and paint brush on your payroll, 
put (editorial comment). 536. 
——Clean up outside work, now is the time to 

(editorial comment), 436. 

Floor sweepings, trap for, 197. 
Housekeeping in the Buick Motor Com- 
pany's (Practical Pete), 405. a 
Operation, one man should be responsible 

for (editorial comment). 5 
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Plant (Continued): 
Refuse containers from oi] drums, making 
heavy (G Luers), 8. 
Troublesome problema, some (C. O. Sand- 
strom), 38. 
Tomorrow in mind when you plan for 
today, keep (editorial comment), 488. 
wales for, flre-resisting (H. E. Jeddy). 
235. 


Workrooms make for efficiency, healthful 
(editorial comment), 584. 

Pneumatic handling of materials in industry 
(Charles L. Hubbard), 427. 

Power drive (see Motor drives). 

Power factor: 

— Chart for, and current of three-phase 

motors (Charles F. Cameron), 549. 
Improved by using rotary converter as 


synchronous ‘condenser (Robert W. 
Drake), 262. 

Power service, path of (see Path of power 
service). 


Power transmission (see Belts, Chains, Couplings 
Gears, Motor Drive, etc.). 

Practical Pete (see Author's Index). 

Pulleys: 

Bearings in loose, repairing roller (Donald 
A. Hampson), 597. 

— —Driving belts on short centers with high 
ratios, 43. 

Metal, quick method of lagging up a. 450. 

——Record system for spare (A. J. Calhoun), 


Sizes to give various speed ratios, 
chart for finding, 352. 
Trends and new practices in use of (G. A. 
Van Brunt), 555. 
Pump as air compressor, usin 
Kiefer), (E. H. “kag 
Sandstrom), 343 


Q 


Questions asked and answered by readers, *32, 
"97, ©142, 9190, 240, 288, 340, 
386. 2439. „490. 538. 586. 


R 


Railings, construction details of various stand- 
ard, °98. 
Records: 
Blueprints for easy reference, filing (S. H 
Samuels), 37. 

Chart for calculating proper size of copper 
wire (Charles F. Cameron), “ 
Complete data make it easier to anae 
questions (editorial comment), 585. 
Diaries on maintenance jobs (L. J. Clay- 

ton), 346. 
Filing rack (G. A. Luers), 5197. 
Inspections of equipment, charting fre- 
quency of making, 97. 


simple 


vacuum (6. 
8), 245. ô: 


Motor failures, visual system for (Comer 
D. Hazen). 517. 
Motor 


inspection form helps In training 
inspectors (C. Hart). 9. 
Motor, system (J. F. Morgan), 7257. 
Notebook remember things you want to do. 
let a (editorial comment), 536. 
Rewinding data, taking and recording (A. 
C. Roe), 2281. 333. 
——Survey of the power load, making a (H. E. 
Stafford), *310. 
Transmission ‘equipment. for 25 1 
and other (A. J. Calhoun), 
Work-done inventory, make a “Practical 
Pete), *1. 
Refrigeration lines, protecting hair felt insula- 
tion on (Maurice Cockshott), 446. 
Relays, using graphic meter for setting overload 
(G. A. Sharland), 5564. 
Repairs (see Motor repairs). 
Research data usable to practical men, making 
(editorial comment), 91 
Rewinding (see Motor repairs). 
Rotors (see Motor repairs). 


Safety: 
Accidents cost a billion dollars a reat in- 
dustrial (editorial comment), 

——Best safeguard is a careful man, ane (edi- 
torial comment), 584. 

——Breakdowns and lost-time accidents, reduc- 
ing (R. R. Thomson), *118. 

Compensator handle to prevent 
motor, locking, *%40. 

rande at point of small clearance, device 
for stopping (J. Elmer Housley), 99. 

— Crane trolley wire when it breaks, safety 
910 5 for killing live (O. E. Bricker), 


starting 


Elevators past top floor, stop which pre- 


venta riding. 197 
— Engineer, and the electrical (John A. 
Oartel), 471. 


Eye hazards in your plant, what ane where 
are (editorial comment), 38 

——Grounding circuits to protect nininten ance 
men, *39. 

Illumination in industrial 
(Roy A. Palmer), „363 

Inspections of equipment, 
quency of making, 97. 

Machine guards, laving out and taking 
measurements. 248. 

oe static electricity cause of shock to 

E. Beneze), 103. 

. (see under Switches). 

Transmission equipment, r ducing accident 
hazards on power (Harry C. Peter- 
son), 301. 

—-——Wheels, guard (Donald A. 
Hampson)... 

Salaries hang, the ee an which good (editorial 

eomment), 31. 


Saw rigged up to cut out 
247. 


plants, better 


‘charting fre- 


a or spoked 


wooden flooring. 


* 


. INDEX 


Serap pile, watch your (editorial comment), 91. 

afting: 

Break, where does a lineshaft usually? 
(H. H. Langbehn), (E. N. Dillard), 
(E. Otto von Dannenberg), (H. D. 
Fisher), (W. A. Plant), (C. O. Sand- 
strom), (C. L. Hartman), 586. 

——Concrete pillars, supporting on (E 


Pease), (H. D. 8 (H. S. Rich), 
(E. L. Way), p . Laabs), (C. O 
Sandstrom), 24 

—Connecting e ` direct] to motor 
4 D. Ringness), (Edward James). 

round work necessary before erecting a 
lineshaft (George Trimm), 5519. 

Heavy-duty, on ball bearings, operating 

(Stanley D. Berg), 103. 


Horsepower of a shaft or clutch, how to 


determine (H. D. Fisher), (John J. 
Serrell), (E. H. Laabs), (Harry J. 
Smith), 540. 

Installation, planning a lineshaft (Frank 
E. Gooding. 418. 

Lineshaft directly to motor, connecting 


(Lee F. Dann), C. O. Sandstrom), (E. 
H. Laabs), 288. 


8 shafts get bent in assembling, how, 


Peen under inner rings of pall bearings, 
soy, 253, comment (B. L. Brown, 
——-Placing, and driven machine (H. 8. moni 
ši i (H. D. Fisher), (Grady H. Emerson), ° 
gnals: 


——Contact device on scale beam tells when 
proper load is obtained, 48. 
Crane operators of Pena wires, warn- 
8181 ing (R. H. Bahney), 447. 

ate: 


Structural, industrial applications of, 532. 
Switchboard material, as a (Robert 
vest), 271. 
Solder into usable form. putting odd bits of 
(S. H. Samuels), 2 205. 
Soldering iron, heavy-duty, 601. 
“Spanish windlass” to increase the pull, 
the (S. H. Samuels), *196. 
Speed (see Motor drive). 
Speed reducers: 
Spur gear, construction ane operation of 
(Warren G. Jones), 
Trends and new Bae 15 use of (G. A. 
Van Brunt), 555. 
Springs, using cut disk as Separator between two 
(G. A. Luers), 
Stairway 185 use around e (Donald A. 
Hampson), 5196. 
Starters (see otor control). 
Stators (see Motor repairs). 
Steel milla (see Mills). 
Storage: 
Lumber, construction of a crib for piling 
(Donald A. Hampson), *%446. 
Pattern, building lighting system (D. W. 
Blakeslee), 594. 
Storage batteries (see Batteries). 
Stufling box without a packing gland (G. A. 
Luers), 301. 
Substation equipment developments, industrial 
Arthur J. Whitcomb), 71 
Switchboard: 
Busbars, ee and cleaning (S. H. 
Samuels), 01. 
Electric Power Club's recommendations on 
installation and care of power, 327 
Installation of new (H. S. Rich), *40. 
i trouble with (Edward James), 


Slate as a, material (Robert Notvest), 271. 
Switches: 
81 F of (J. Elmer Housley), 


using 


rip corrected by time-delay relay, trouble 
on low-voltage (J. A. Vanderpoll). 


9395. 
Switching equipment, Electric Power Club's in- 
structions for installing power, *378. 


T 
Tanks: 


Bottom rusting out, installing and prevent- 


ing (C. O. Sandstrom), 563. 
——Settling. reconstructing and erecting (H. R. 
Wass), 495. 
Teamwork (see Job). 
Testing: 
Armatures: 
D.C., with voltmeter (C. Otto von 
Dannenberg), „(Nathaniel W. 
Blanchard). 2 
Growler for. (P. 1 144. 
Field coil with carbon camp. locating 
reversed (W. L. Stevens), 596. 
Insulation: 


Motor, how to use megger for (Lee F. 


Dann), (Edward James), (H. 
Charlton), (Ralph McKinney). 
344, (E Pease), (William 
Glameyer), (C. Otto von Dannen- 
berg). (A. C. Roe), 442. 

Motors, voltage for, of. 206. 


Resistance reduces shutdowns (J. 8. 
Murray, 498. 
Lamp on grounded circuits, using test (J. 
Elmer Housley), 395. 
Motors: 
Brake for testing small and medium 
sizes, simple Prony (8. H. Samuels), 
9353. 
Insulation, how to 
(Lee F. Dann), 


use megger for 
(Edward James), 
(H. Charlton), (Ralph McKinney), 
344. (E. I. Pease), (William Gla- 
meyer), : von Duannen- 
berg), (A. C. Roc). 442. 
Insulation of, voltage for. 206. 
Single-phase and three-phase, motor- 
renerator set for (C. Otto von 
Dannenberg), (Lee F. Dann), 143. 


*Indicates illustrated articles 


Not- 


V 


Testing (Continued): 

Table. portable (J. Morgan). 297. 
. 1 electrical <qulpment layout of 
H. Sauve), 

Spate e Og test, gone maintain 
(editorial comment), T; 


Tools: 
Clamp for refinishing flat surfaces, low 
(G. A. Luers), 256. 

— Corrugated iron used to keep, in order (G. 
A. Luers), *104 

Drawer, attaching divided compartment to 
(G. A. Luers), 452 

—Drills repaired by use of brass sleeve. 
broken (G. A. Luers), 

Fuse link. for 1 a Einar ee (W. L. 


Stevens). 
Hammer for ee on finished surfaces, rubber 
head on, 452. 


——— Handles, simple devices that are handy as 
wrench and (G. A. Luers), 157. 
Lathe, sensitive drill and tapping attach- 

ment for (G. A. Luers), *354. 
Maintenance, developments in. 84. 

Nuts or bolts, making special socket’ to 
fit odd- size (G. A. Luers), *302. 
Power-driven, for maintenance work, port- 

able (editorial comment), 489. 
Trade literature, 47, 115, 163, 211, 259, 307, 
396, 403, 459, 507, 555, 603. 


Transformers: 
onnections affect rated capacity, does 
change in? (Jobn E. Holtman), (A. 
Noeppel), (L. Johnson), 541. 
(Harry J. 


——Delta-connected Sone grounding 
Achee). (C. Otto von Dannenberg). 

(L. P. Staubitz), 588. 
No- load current, draws heavy (C. Otto von 


Dannenberg, 49 
—Oil, when did you test your? sane 
comment), 238. 
Polarity of (8. N. Clarkson), (J. Hod - 
tum), (Ernest Dickinson). Ghote r F. 


Emerson), (Thomas M. Hunter), Phil 
D. Comer). (M. F. Mitschrich), 
(Edwin W. Lindop), 341, (A. Boya- 
jian), (F. Elliott Waldron), (L. C. 
Nichols), (Henry Mulford), (L. F. 
Goss), (Fred W. Paffen), (Cecil H. 
Green), (J. F. Peters), (Ovide C. 
Harris), 443. 
25-cycle on a 60-cycle cireni, operating 
F. Emerson), (C. Shaffer), (C. 
Òtto von Dannenberg), 1. Van Herk). 
(L. T. Johnson), (George Cropper), 33. 
Transportation (see Handling materials. Trucks). 
Transmission of power (see Belts. Chains. 
Couplings, Gears, Motor Driven etc.). 
Transmission towers, how long will it ad to 
erect these ? (E. I. Pease), 388 
Turbo-generator: 
Collector rings of, trouble with (W. J. 
Park), (J. A. Horton), (Edward A. 
Roe), 


Gibbs), (Henry Mulford), ma 
Turnbuckle, preventing rods from turning with 
( 


8 taking data on (A. 
G. A. Luers), 150. 


V 


Valves, abrasives for gtinding small (Donald A. 
Hampson), 496. 

Van Brunt. G. A. (Practical Pete), 262. 
Vapors, fumes and gases, removing obnoxious 
(Charles L. Hubbard), 276. 
Varnishes, peak composition and ageing of 

H 


P. Weber), 2 
Ventilation: 
Dust: 
Removing. produced in industrial plants 
(Charles L. Hubbard). 320. 
Dust: 
Separating, from air in industrial 
plants (Charles L. Hubbard). 
a 
Fumes, gases and vapors, removing 


obnoxious (Charles L. Hubbard), 276. 
improvised method of regulating a.c. 
(W. L. Stevens), 252. 


W 


Walls, strength of brick (C. O. Sandstrom), 439. 
Washer for rags and overalls, tumbling drum 
G. A. Luers). 295 
Weight of heavy machine parts, using Pe to 
find (Donald A. Hampson), °151 
Welding: 
Are: 
Element mill, cuts repair cost in, 566. 
Combination type welder, *602. + 
Generator and storage battery for (H. 


Voltage, 


S. Rich), 100. 
Two-phase set on thre2-phase circuit, 
1 (Charles R. Suge). 
914 
—Odd-time uses of, outfits in industrial 
plants. 495. 
Plat form for mounting equipment, 100. 
Portable, trailer for making outfits, 255. 


Westinghouse Electric and Manufacturing Com- 
pany's plants, 2. 

Winding (see Motor Repairs). 

Windlass to inerease the pull, 
Spanish (S. H. Samuels), 

Windows: 

——Cleaning scaffold, portable (G. A. Luers), 
*97 


using the 
96. 


Glare, 


treating to prevent (A. J. Lodder), 
538. 


Wire (see also Cables and Wiring): 
Armcred, Jead-sheath conductor under- 
ground, uss of (Harold W. Steele). 
(C. Otto von Dannenberg), 3 H. 
Emerson), (E. I. Pease). 
Copper. chart for calculatint, proper size of 
(Charles F. Cameron), 5595. 
——Copper, current values Pina to fuse 
solid (Frederick Krug), 449. 


VI 


Wire (Continued): 
——Pyrometer leads, for (Charles L. Browne), 
(D. W. Blakeslee), (W. W. Lankton), 


(W. H. Fredrickson), (C. Otto von 
Dannenberg), (W. A. Bergsma), (Grady 
H. Emerson), (E. N. Dillard), (H. A. 
Nielsen), 591. 


Wiring (see also Wire): 


Break in power line cause of obscure 
trouble (Walter C. Bischoff), 198. 
Conduit: 
Cleats or bolta to concrete, attaching 
(S. W. Stearns), 198. 


A 


CHEE, HARRY J. Grounding delta-connected 
transformer bank, 588. 
How does change in speed of motor affect 
horsepower, 33. 
Should coils be purchased or made in the 
repair shop?. 290. 
Albrecht, G. M. (see W. H. Powell). 
Amanns, William P. Why do these meters not 
register, 593. 
Arny, Louis W. Determining the 
leather belts, *479. 


B 


BABCOCK, K. P. Organization of fire preven- 
tion in industrial works. 98. 
Baber, Earl Voltage rating of fuses for 440 
volt service. 95. 

Bahney. R. Using graphic meters for 
: detecting grounds, *415, editorial com- 
ment, 436. 

aro ne Tane operators of overhead wires, 


+ 


quality of 


Banholzer. H. Throwing large squirrel-cage 

motors across the line, 191. 

A. C. Drilling holes through plate 

glass. 592. 

Belcher, B. Loose rotor bars cause trouble with 

electric grinder, 255. 

—Rewinding armature increased speed, 345. 
Trouble with rewound automobile genera- 
tors, 343. 

Beneze, L. E. States electricity cause of shocks 

to oilers. 103 

Harold E. Gloves from old leather 

used for handling brick. 346. 

——Sample and easily replaceable fuses, *600. 

Bergsma, W. A. What kind of wire should be 

used here, 592. 
Bernholz, Philip G. Construction details of a.c. 
magnets, 5105. 

How to determine the number of turns in 

a coil without opening it. 159. 


Barker, 


Benson, 


Berg, Stanley D. Operating heavy-duty line- 
shafts on ball hearin. 103. K 
Bischoff, Walter C. Break in power line cause 
5 or opat trouble, aie 
J. ; unning open wiring i ill- 
buildings, 94. k TE APA 
Blakeslee. D. W Bearing cost decreased b 


using steel pipe in place of cast shell, 


Drilling holes through plate glass. 592. 

Layout of lighting system for pattern 
atorage building, 594. 

Operating motors in parallel on bridge 
motion of crane, 340. 

Peeper design of illumination in factories, 


Saving in turning out mill ligh 
needed. 3965 e 


Voltage rating of lamps u — 
chronizing, 494. 1 R 


—— What kind of wire should be used here, 


> ` 
Will shorting slip rings injure motor?. 44 
Blanchard, Nathaniel W. Connecting A 
meter to three-wire circuit, 195. 
Locating trouble in power circuits run in 
fa jon 293. 
esting d.c. armatures with voltmeter, 242. 
Boyajian, A. Polarity of transformer, 443. a 
Braymer. D. H. (see A. C. Roe). 
Bricker. O. E. Safety device for killing live 
trolley wire when it breaks. 101. 
Brown, R. L. Comments on why shafts peen 


under inner rings 
ander gs of ball bearings. 


Browne, Charles L. 


What kind of wi 
e Used here. 591. e 


b 

Breyles, J. L. Voltage rating of fuses for 440- 
volt circuits, 95. 

Burnham, George A. Selection and maintenance 
of oil circuit breakers, 465. 

Bush, R. M. Voltage rating of lamps used for 
synchronizing. 493. 

Why do these meters not register, 593. 

Will shorting slip rings injure motor’, 441. 

Bussmann. H. T. Voltage rating of fuses for 
440-volt circuits. 95. 

Butler, Ralph A. Heating of 
tricity, $71. 

Byers, John F. Will shorting slip rings injure 
motor?, 441. 


C 


n A. J. Priming coat for plaster and 
brickwork, 36. 

Record system for spare pulleys and other 
transmission equipment, 201. 

Charles F. Advantages of star-and 
delta-connected motor windings, 36. 
e proper size of copper wire, 

DI. 
hart for power factor and current of three- 

phase motorr, 549. 
Carpenter. E. T. Use of 30-amp. and 60-amp. 
fuses, 448. 


ingots by elec- 


Cameron, 


— 


INDEX 8 


Wiring (Continued): 
Conduit: 

Fittings, threadless, 601. 

Trouble in power circuits run_in, lo- 
cating (Phil D. Comer), (Nathan- 
iel W. Blanchard), (Grady H. Em- 
erson), (C. Otto von Danenberg), 
(Donald Ferguson), H. S. Rich), 
(Nicholas J. Weiss), 2293. 

Developments in, devices (Arthur J. Whit- 
— 0O D tpe building (J. H. Blair) 
pen, in mill-type building . H. air), 
(Lee F. Dann), (H. S. Rich), (Edwin 

V. Lambert), 94. - 


INDEX OF AUTHORS 


Carter, Edward D. Paralleling of alternators 
coupled to same shaft, 250. 

Case, N. H. Trolley wire supports for monorail 
crane, 386. 

Chapman. P. E. Winding armatures 
chine, *230. 


by ma- 


„Charlton. H. How to use megger for testing 


insulation of motors. 345. 

Chrisman, E. D. Changes in mechanical and 
electrical equipment. 54. 

Clark, J. A.. Jr. Method of rewinding arma- 
ture, 587. 

Clarke, 


W. B. Cleaning sludge from fuel oil 
tanks, 150. 
Clarkson, 8. N. Polarity of transformer. 341. 


Clayton, L. J. Advantages of keeping diaries 
on maintenance jobs, 346. 

——cComparature costs on three types of 
23 floors for trucking runways, 


Throwing large squirrel-cage motors across 
the line, 193. 

Clement, Maurice M. Banding a large armature 
under difficulties, 453. 

Novel use of revolution counter in winding 
coils, 204. 

Cobb, Charles C., Jr. 


Comment on single-phase 


operation of polyphase motors, 348, 
comment (E. T. Carpenter), 448. 
Cockshott. Maurice. Bearing renewals in 


centrifugal pump, 398. 
——Cutter for tearing up scrap magnesia to be 
used again. 546. 
e problems in the small plant 


—Modernizing seta of old-type gear reductions 
with oil circulating system, 550. 
Protecting raw felt insulation on refrigera- 
tion lines. 446. 

Use of babbitt. 42. 

Comer, Phil. D. Connecting Westinghouse type 

C watt-hour meter to 3-phase, 4-wire 

circuit. 243. 

Determining size of conductors for inter- 
mittent-rated motors. 195. 

Locating trouble in power circuits run in 
conduit, 293 

Polarity of transformer, 342. 


Voltage ratin of fuses for 440-volt 
service, 95. 

Voltage rating of lamps used for syn- 
chronizing. 493. 


Will shorting slip rings injure motor?, 441. 
Cone, W. B. Making a tripod from conduit. 


Rew inane 110-volt generator for 6 volts, 

Using an autotransformer for locating 
grounds on motors. 600. 

Why does this motor run slow?, 392. 

Conway, A. J. Operating motors in parallel on 

bridge motion of crane. 341. 

Conway, J. J. Will these watt-hour meters 
read alike ?. 542. 

Why motor cannot be speeded up. 93. 

Corwin, C. D. Reducing heat loss from electric 


baking ovens, 573. 
What maintenance includes and how it is 


handled, 50. 
Cozzens. N. A. Installation of flexible coup- 
lings and extra bearing saves $195 


yearly, 598. 
Cravath, J. R. Layout of lighting system and 
equipment in repair shop, 553. 
George. Commutator trouble with 
interpole motor, 142. 
Determining size of conductors for inter- 
mittent- rated motors. 291. 
Operating 25-cycle transformers on a 60 
evele circuit. ; 
Should coils be purchased or made in the 
repair shop?, 290. 
Cubbage. John W. Replacing motors when 
trouble develops, 389. 


D 


pA: LEE F. Advantages of star and 
delta - connected motor windings, 36. 
connecting lineshaft directly to motor. 288. 
—— Connecting three-phase power factor meter, 
Connecting watt-hour meter to three-wire 
cireuit, 194. 
Connecting Westinghouse type C watt-hour 
meter to 3-phase, 4-wire circuit, 243. 
cost of changing two-phase motors to three- 
phase, 492. 
How to use megger 
of motors. 344. 
Layout a typical three-phase installation, 
eo 4 


Cropper. 


for testing insulation 


Motor-cenerator set for testing small single- 
phase and three-phase motors, 143. 
——Running open wiring in mill-type build- 

ings. 94 
Using ae generator as synchronous motor. 
1 T 


ra 
Will shorting slip rings injure motor?, 441. 
De Graw. Halsey. Caleulating starting resistance 
for d.e. motors. 246. 


„Indicates illustrated articles 


VoL. 83 


— 


Wiring (Continued): 
Overhead electrical circuits, layout of (J. 
Elmer Housley), 358. 


Plug and receptacle for portable machine, 
protecting (H. S. Rich), 2152. 


——Three-phase installation, layout of typical 

(H. D. Fisher), (Ralph McKinney), 
(Lee F. Dann), 244. 

Tunnel for conduit and pipe lines 

i Fliegelman), 346 

Woodworking plant, power 
(Francis A. Westbrook), 316. 

Workmanship, pride in (Practical Pete), 117. 


(D. 


‘service layout for a 


Dickinson, Ernest. Polarity of transformer, 
4 


Dillard. Earle N. Trolley wire supports for 
monorail crane, 388. 
What En of wire should be used here, 


592. 
Where does a lineshaft usually break? 586. 
Why does this motor run slow ?, 392. 


Dowick, B. Mounting motor on ceiling, 589. 
Drake, Robert W. Laying out short-center belt 
drives using idlers, 166. 


rotary converter a8 synchronous 


262. 


E 


E M. J. Helps on running · in bearings which 

3 heat up when new, 352. 

Emerson, Grady H. Driving one generator with 
two engines, 243. : 

Emergency repair that insured protectin 
against fleld breakdowns, 158. 

——Locating trouble in power circuits run in 
conduit, 293. 

Motor trouble traced to tight pump bear- 
ings. 156. comment (H. S. Kellogg). 
499. 2 

Placing lineshaft and driven machine, 34. 

——Replacing motors when trouble develops. 


389. 
——-Should coils be purchased or made in the 
ae Da enor, aA 4 400 
topping breakage of gears, ; 
Thickness of mica required for slot insu- 
lation, 344. 
——Use of armored, lead-sheath conductor un- 
derground. 543. 


Using 
condenser, 


Voltage rating of fuses for 440-volt 
circuits, 245. 
What causes these brushes to chatter, 589. 


What kind of wire should be used here. 
0 
on. R. F. Causes of trouble in operat- 
e ing motors in parallel on bridge of 
crane, 498. 
commutator trouble with interpole motor. 
143. 
Determining size of conductors for in- 
termittent-rated motors, 
How does this motor start? 440. , 
——JInterlocking the control of coal-handling 
equipment, 251. 
Operating 25-cycle transformers on a 60- 
cycle circuit. 8 
Polarity of transformer. 342. 
——Throwing large squirrel- cage motors across 
the line. 191. 
Trouble on a.c. crane corrected by dyna- 
mie braking. 448. 
Why does this motor run slow? 392. 2 
Ennis, G. H. Removing cores of fans. 302. 
comment (Carl G. Howard). 400. 
Eve. O. B. Removing cores from fan motors. 
54 


F 


F E. B. Fuse renewals on the night shift. 41. 


F., R. D. Belt slip as safety link in machine 
drives, *103. 


. L. Electric heat supplanted steam 
meen Taa preheating wood before gluing, 
199. : 
on. Donald D. Calculating starting re- 
PEETRE sistance for d.c. motors. 389 


——Connecting watt-hour meter to three-wire 
circuit, 194. 

——Determining size of conductors for inter- 
mittent-rated motors. 291. 8 

——Grounding secondary of 3-phare, 29920-440- 

volt distribution system. 148. 
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Of course, machine trouble may be caused by 
anyone of a dozen reasons such as faulty design, 
worn bearings, open circuits, unbalanced armature, 
and the like. 


BUT—with a Stackpole Carbon Brush one 
common cause of machine failures will be elimi- 
nated. 


The smooth, glossy commutator that radiates 
cleanliness and efficiency is a common sight when 
Stackpole Brushes are on the job. The Stackpole 
Carbon Brush assures cool operation and perfect 
commutation with minimum commutator wear. 

Stackpole Catalog No. 8 gives information on Carbon 


Brushes that you will find both instructive and interesting. 
May we send you a copy? 


STACKPOLE CARBON COMPANY 


St. Marys — 


— Penna. 
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ALLIS-CHALMERS 
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Type “AR” Induction Motors 


8 


drive 
Woodworking Machinery e 
Electrical Machinery 
Steam Engines 
‘ ; Steam Turbines 
Above is shown Type AR Squirrel Cage Motors Cie 
8 R ‘ Gas Engines 
driving Sash Stickers in the plant of the Watson- | Oil Engines 
town Door & Sash Co., Watsontown, Pa. 3 lS maS 


Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 


These motors are exceedingly rugged due to 
their all-steel frame construction. Their particular 
design makes for very thorough ventilation and 


e $ Air Compressors 
a very accessible motor for cleaning. omnes 
: . : Steam and Electric Hoists 
Allis-Chalmers power equipment is used almost Farm Tractors 


Power Transmission Machinery 


exclusively in this plant. 


LLIS-CHALMERS MANUFACTURING O. 


MILWAUKEE, WIS. U. S. A. 
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Make a Work- 


Done Inventory 
Covering 1924— 


Check Up on Yourself, 
Your Plans and the Re- 
sults That You Aimed at 
During the Past Year 


HE beginning of a new year is 
a good time to sit down in some 
quiet place and make a list of our 
mistakes, disappointments and fail- 
ures to accomplish the things we 
thought we were going to do during 
1924. Such a frank analysis of our- 
selves and our work will point out the 
reasons for not being as far ahead in 
our plans as we thought we would be 
at this time, and in most cases show 
that the reasons therefor lie at our 
own doorstep. 
Here are some questions that you 
should be able to answer: 


1—Did you write out a plan and 
detail the things that you 
planned to do during 1924? 


2—If so, can you show that the 
things accomplished will lead 
to greater results this year? 


3—Have you analyzed the weak 
spots in your 1924 plan and 
„ know where and how to re- 
vise them so as to get the re- 
sults you know are possible? 


4—Are you making your plans 
known to your fellow-associ- 
ates and getting their co-op- 
eration and enthusiastic sup- 
port? 


5—lIs your lost-time (delay time) 
production less than last 
year? | 

6—Is there less or more equip- 
ment in the shop for repairs 
at this moment than there 
was last year, and is this due 
to better application and 
maintenance on the part of 
the organization that you 
control? 


7 Have you investigated new 
and better methods for in- 
stalling, repairing and main- 
taining your equipment? The 
world does not stand still— 
why should you? 

8—Are plant operations any 


more efficient due to your ef- 
forts? 


9—Did you save anything for the 
plant last year? If so, do you 
know how much? 

10—Are your men happier and 

more interested in their work 
than formerly? Have you 
realized that it is your job to 
bring about this state of af- 
fairs? 

11—Have you had to fire less men 

during 1924 than in 1923? If 
so, was it through improved 
methods that you devised for 
handling work or in selecting 
the men? 

12—Have you made “the old man” 

feel that you are indispens- 
able to his organization and 
one who can not be replaced 
very quickly? 

13—Are you studying the work 

and results of other men 
holding positions like your 
own? 

14—Have you asked INDUSTRIAL 

ENGINEER to help you get the 
information you need but 
find hard to locate when 
working out your problems? 
This is one good place to go 
when checking up on the 
practical ways that others 
have adopted to get their re- 
sults. 

Your answers to these questions 
will give you a real analysis of your- 
self and your work. If you adopt the 
practice of making a plan and then 
working that plan, your boss would 
be interested in a report embodying 
these questions, or similar ones, and 
their answers. Try it out. 


Gee GAC 
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Three Large Manufacturing Units 
Created by Growth of the Electrical Industry 


General Electric Company 


Allis-Chalmers Manufacturing Company 


Westinghouse Electric and Manufacturing Company 


These companies have been not only pioneers but continue to be leaders in the growth and development of equipment 


and methods for the generation and utilization of electricity in its multitude of commercial and industrial 


LECTRICITY and its appli- 

cation have perhaps more 

than any other one thing been 
responsible for advancements made 
both commercially, industrially and 
scientifically in the past 50 years. 
Also, electric lighting is one of the 
few commodities which has shown a 
gradual reduction in cost from the 
beginning. Through improved 
methods of generation, transmission 
and utilization, the cost of a given 
amount of light is today only 5 per 
cent of its cost in 1880. It is largely 
through this reduction in cost that 
electric service is so extensively used 
in providing conveniences for the 
home, which have become necessities, 
and in the application of power and 
light in all lines of industry. The 
field, however, still has much room 
for development when it is consid- 
ered that in the United States only 
65 per cent of the manufacturing 
establishments and mines are elec- 
trically operated and only 38 per 
cent of the people live in electrically 


lighted homes. Additional applica- 
tions of electricity to both home and 
factory are continually being de- 
veloped. The extensive use of the 
radio is one of the most recent de- 
velopments. 

The broad application of elec- 
tricity really dates from Sept. 4, 
1882, when the first central station 
(the famous Pearl Street Station in 
New York City) was opened. Pre- 
vious to this, electricity was in its 
experimental stages and at that time 


An airplane view of the main office and 
works of the General Electric Company 
at Schenectady, N. Y. 


The research laboratories of the General 
Electric Company are located here and all 
development work on new equipment is ppi 
ed on at this plant until the des 

ready to go into quantity production 8 
they are sent to some other plant of the 
General Electric Company. However, large 
turbine sets, large motors and generators, 
wire and cable and much of the equipment 
which 5 of nae fal nature is manufac- 
tured here. s plant covers a ground 
area of 623 pace and has a building floor 
space of over 6,000,000 sq. ft.; it employs 
approximately 25. 000 workers. A multitude 
of industrial processes are ca on in 
this plant, as practically every kind of ma- 
terial is used in some manufactured product. 


applications. 


the telegraph was the only practical 
and established application. Electro- 
plating was being done, however, and 
the telephone was in its infancy. 
Dynamos and electric lamps of 
various kinds had been invented but 
were not used commercially. This 
first commercial application, how- 
ever, was quickly followed by nu- 
merous developments in many of the 
other types of equipment, such as 
motors, meters and numerous other 
kinds of equipment which are now 
common, everyday instruments. 
Many of these developments and in- 
ventions, which have brought elec- 
trical application up to its present 
high standing, have been recorded 
in the frontispiece pages of INDUS- 
TRIAL ENGINEER during 1922. 

In this development, the growth 
in the business of the General Elec- 
tric Company, Schenectady, N. Y., 
Westinghouse Electric & Mfg. Com- 
pany, East Pittsburgh, Pa., and Al- 
lis-Chalmers Company, Milwaukee, 
Wis., has closely followed expansion 
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Three of the several plants of the General Elec- 


tric Company. 


Equipment which is produced on a quantity basis is 
manufactured in these or some of the oe plants 
a 
(above) electric locomotives, railway motérs, recipro- 
cating air compressors, crane motors, turbine sets, oe 
e tts- 


scattered over the country. At Erie, 


other large equipment is manufactured. 
field, Mass., Works (upper right) manufac- 
tures transformers, lightning arresters, 
electric fans, induction motors, industrial 
heating devices and other equipment. The 
Mass., Works (right produces 
meters and instruments, ormers, small 
turbine sets (up to 7, 500 kw. ), textolite and 

fabroil sare au a variety ‘of other equip- 
ment. 599 90% an 8 over 800 
acres, have $ 8,000,00 f floor space, 
ano give, work to about 22,000 employees. 
Works occupy about 


6,000, 0,000. 12000 ft oF moor ace and have 
000 area of al e total manu- 
“the plants is around 


25,000, turing area sq. ft. of floor space. 


in the production of electricity and 
its utilization. 

The General Electric Company 
was incorporated in 1892 and formed 
by uniting the Edison General Elec- 
tric Company, the Thomson-Houston 
Electric Company and the Thomson- 
Houston International Electric Com- 
pany. Because of the divergent ideas 
and methods employed by a number 
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Works 


of individuals and organizations 
scattered all over the country, no 
great stride had been made up to 
that time in unifying electrical 
standards of generation, transmis- 
sion and utilization which were so 
necessary to make the growth of the 
industry and its application uni- 
versal. 

From a comparatively small be- 
ginning, this organization has 
grown until it is today the largest 
concern in the world devoted to the 
manufacture of electrical equipment. 
It has important manufacturing 
plants located at Schenectady, N. Y., 
Lynn and Pittsfield, Mass., Harrison, 
Bloomfield and Newark, N. J., Erie 
and Philadelphia, Pa., Fort Wayne, 
Ind., Cleveland, Ohio, Bridgeport, 


Conn., and lesser plants at many 
other points. The total land area of 
these plants is 2,050 acres; the total 
floor space of the buildings covers. 


approximately 25,337,000 sq. ft. 
Over 75,000 persons are in the em- 
ploy of the company. 

Such extensive work, ranging 


Three of the plants of the Westinghouse 
Electric and Manufacturing Company. 
The main office and largest of the plants is. 
located at East Pittsburgh, Pa., and con- 
tains more 5 100 acres of manufact 
and floor an this plant the lo 
oe by 1,610 ft. long. 
total capaci f 


generators 3 ply light and power. 
At the Bri t. G 


g J., 
(lower right) Works is one of the ‘plants of: 
the Westinghouse Lamp Company. 


from the largest generating unit to 
the small pieces of apparatus, utilizes 
practically every known art, science 
and production method, including 
glass making, rubber working, cast- 
ing, machining and forming of a 
large variety of metals, in fact prac- 
tically all materials and kinds of 
refining processes are involved. Some 
of the work done in these plants is 
shown in the illustrations accom- 
panying this article. In all, more 
than 500 different types of apparatus 
are produced, comprising electrical 
equipment for practically every 


class of industrial power application, 


The main plant and general offices of 
the Allis-Chalmers Manufacturing Com- 


pany. 


This factory is located at West Allis, a 
suburb of Milwaukee, Wis. Here the com- 
pany manufactures a wide line of special 
heavy machinery for mining and metallurg- 
ical work and for cement, flour and saw 
mills, besides pumps, steam turbines, gas, 
oil, and steam engines, hydraulic turbines 
and a wide line of generating equipment, as 
well as motors for driving this machinery. 
In addition another factory, the Bullock 
Works at East Norwood, Ohio, a suburb of 
Cincinnati, is devoted to the manufacture of 
lines of smaller motors and other electrical 
machinery. 


lighting, mining, railways, central 
station systems and many others. 
The requisite standards of produc- 
tion and quality are maintained by 
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adequate tests and a large research 
testing and standardizing labora- 
tory. 

About forty years ago, May 20, 
1884, George Westinghouse began 
the manufacture of a new self-regu- 
lating dynamo for lighting service 
which had been invented by William 
Stanley, a young engineer. Up to 
that time Mr. Westinghouse had 
been manufacturing his invention, 
the air-brake, which is still used in 
train service, high-speed engines to 


Departments devoted to the erection of 
heavy equipment at plants of the three 
companies mentioned below. 


The illustration at the left shows a part of a manu- 
facturing floor of the Westinghouse Electric and Manu- 
facturing Company at East Pittsburgh, Pa. After test- 
ing, the machines are placed on cars for the shipment 
to the consumer. The erecting floor of the Allis- 
Chalmers plant (lower left) shows one 10,000-kw., 
two 12,500-kw. and one 20,000-kw. turbo-generator sets 
in process of erection and test. The illustration at the 
right shows one bay of building No. 60 of the General 
Electric Company at Schenectady, N. V., where steam 
turbo-generators ranging from 2,500 to 50,000 kw. in 
capacity are assembled and tested. 
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Some of the manufacturing operations 
performed by the three companies. 


The illustration above shows the trans- 
former assembly department at the Pitts- 
field, Mass., Works of the General Electric 
Company. Some of the operations inci- 
dental to the winding of the coils for 
transformers at the East Pittsburgh plant 
of the Westinghouse Company are shown 
in the upper right illustration. The illus- 
tration at the right shows a complete 
assembly of the rotor and main bearing 
for one Niagara Falls, 65,000-kva., 107- 
r.p.m. waterwheel generator in a bomb- 
proof pit for overspeed test at the 
Allis-Chalmers plant. 


drive dynamos for arc lighting, and 
also controlled the Union Switch and 
Signal Company. At that time there 
was a big difference of opinion on 
the merits of direct and alternating 
current. Mr. Westinghouse favored 
alternating current and led in the 
development of a transformer to 
“reduce the pressure,” a meter to 
measure the alternating current 
used, and a motor which could be 


Three other examples of the many 
operations required in the manufacture 
of electrical equipment. 


The illustration below shows a shop test 
of a 6-in., 4-stage Allis-Chalmers centrif- 
ugal pumping unit direct-connected 
through a magnetic clutch to a 225-kva. 
synchronous motor. The pump has a rat- 
ing of 900 g. p. m. under a head of 310 
ft. at 1,000 r. p. m. The illustration at the 
right shows the testing department for 
fractional-horsepower motors at the Fort 
Wayne, Ind., Works of the Genera! Electric 
Company. A part of the large-motor wind- 
ing department at the East Pittsburgh 
lant of the Westinghouse Electric and 
anufacturing Company is shown in the 
lower right-hand illustration. 
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used to do useful work. Perhaps the 
two outstanding early commercial 
installations were: the lighting of 
the World’s Columbian Exposition in 
1893 and machinery for the first 
hydro-electric development at Nia- 
gara Falls in 1895. The company has 
been a pioneer in many of the elec- 
trical developments made since. 
From a small factory in 1886 with 


200 men on the payroll, the demands 
of the Westinghouse Electric and 
Manufacturing Company have in- 
creased until now it occupies 23 
plants, many of which are devoted to 
the production of one class of elec- 
trical product, such as motors, 
lamps, fittings or other equipment. 
Approximately 50,000 men are now 
employed. 

Development and research work is 
carried on at the main plant at East 
Pittsburgh, Pa. Other plants are 
located at Bridgeport, Conn., Cleve- 
land, Ohio, Newark, N. J., Bloom- 
field, N. J., and other centers. In 
addition to electrical products, the 
company through its associated com- 
panies, manufactures air-brakes, 
stokers, water, gas and air meters, 
industrial and railway gearing, 
flexible (Continued on page 46) 
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M E'XI C ON 


Some of the 
Reasons for the 


Growth of Well-Known 


Industrial Centers 


Together with an Analysis of the Part Played by 


Available Sources of Power in Its Various Forms 
and Other Controlling Factors 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


HE main factors affecting the 

l location of an industry in- 
clude the source of raw mate- 

rial, market, labor supply and cost 
or availability of power. In the 
early days of American industry 
steam engines were expensive and 
not widely used. Therefore, avail- 
able water power was one of the 
most important considerations and 
so a large number of the industrial 
centers in New England were built 
up around falls in small streams and 
rivers. This power had to be used 
where it was, since there was no 
means of transmitting it any dis- 
tance. Incidentally, the measure of 
power used at that time was based 
on the number of spindles which the 


stream would operate satisfactorily. 

The wider introduction of steam 
engines made the location of an in- 
dustry more flexible, but to a certain 
extent this was dependent upon the 
supply of wood, and later upon coal, 
for fuel. Today, the facility with 
which electrical energy may be gen- 
erated and transmitted hundreds of 
miles has enabled many industrial 
plants to take advantage of water 
power generated in the mountains 
(particularly in the West), where it 
would now be uneconomical to locate 
a plant. In other cases, water is 
used to generate power where it 
would be practically impossible to 
obtain coal for fuel. This is partic- 
ularly true in some paper mill dis- 
tricts. 

Today the expansion of certain 
well-established American industries 


L) 


This map shows the distribution of indus- 


trial plants in the United States using over 
1,000,000 Kro hr. of energy annually. This 
distribution of plants is based on an indus- 
trial survey conducted by the McGraw-Hill 
Co., Inc., and summarized on page 9. 


and the development of facilities for 
the generation, transmission and ap- 
plication of power are going ahead 
hand-in-hand. Which is the cause 
and which the result may be a ques- 
tion for argument. A brief survey 
of the tendencies in the concentra- 
tion of industry and the reasons 
therefor, is presented in what fol- 
lows. 

Industry in the United States may 
be considered as beginning in 1790, 
with the establishment of the first 
cotton mill, the Slater Mill at Paw- 
tucket, R. I. Tanning of hides and 
production of lumber had been car- 
ried on before, but as more of a 
rough utilization of the natural re- 
sources of the country than as man- 
ufacturing industries. The invention 
of the cotton gin, which provided an 
adequate supply of cotton free from 
seed, gave considerable impetus to 
the cotton industry. Most of the 
market and labor supply, as well as 
available water power to drive the 
mills was located in New England. 
It was but natural that this indus- 
try developed in that part of the 
country. 

With this early start, New Eng- 
land held the textile industry with- 
out much competition until about 
twenty years ago. Since then the 
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Carolinas have rapidly forged to the 
front as producers of cotton goods. 
Some of the reasons for this have 
been the short distance from the 
Carolinas to the cotton supply, the 
availability of an adequate supply of 
labor and water power or cheap coal. 
There have been a number of other 
interesting shifts of industry from 
one location to another, some of 
which will be brought out later. 

The first big impetus was given to 
expansion of industry by the early 
railroad construction. By 1848 rail- 
roads were running out of Chicago 
and by 1867 they had been extended 
on to the Pacific Coast. As the West 
opened up the railroads made new 
markets for industrial plants in the 
East. While a part of the market 
was moving west, raw materials, 
labor and power were still concen- 
trated in the East. However, with 
the development of the moldboard 
plow, the reaper and self-binder, the 
United States, particularly that part 
west of the Alleghanies, became an 
agricultural country. Previous to 
this, the farmer could raise but little 
more than he needed for his family, 
because he could not take care of it, 
and so had but little left over to feed 
those engaged in industry. Agricul- 
tural machinery enabled him to raise, 
care for and harvest several times 
his own needs. Thus, with their food 
supply assured, industrial workers 
could concentrate in larger communi- 
ties and devote their whole attention 
to industry. Soon after the Central 
West became populated, industries 
began to spring up here and there 
through the territory to supply the 
agricultural districts of the cities 
built up around them. It was neces- 
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Value of Products Produced 


Annually in Fourteen Prominent Industrial Centers 


CHICAGO DISTRICT—$5,000,000,000—Steel and steel products, slaughtering 
and meat packing, foundry and machine shops, printing and publishing, 
men’s clothing, railroad cars and a very widely diversified line of miscel- 
laneous industries. 

DETROIT, MICH.—$2,000,000, 000—Automobiles and automotive products and 
diversified manufacturing. 

PITTSBURGH, PA.—3 1, 429, 287,000 — Steel, rails, pipe and tubing, tin plate, and 
steel products, pig iron, crucible steel, coke, glass, machine shop and foun- 
dry produets. 

JERSEY CITY, N. J.—3969, 537,000 — Meat packing, petroleum refining and diver- 
sified manufacturing. 

NIAGARA FALLS, N. Y. — 3900, 000, 000 —Electro-chemical industries. 

KANSAS CITY, MO.—3590, 192,000 —Flour and grist mills, meat slaughtering 
and packing, agricultural supplies. 

BIRMINGHAM, ALA.—$550,000,000—Steel and iron, cast iron pipe, cement, 
brick and clay products. 

CINCINNATI, OHIO—$500,000,000—Slaughtering and meat packing, foundry 
and machine shop products, men’s clothing, boots and shoes. 

MINNEAPOLIS, MINN.—$500,000,000—Flour milling and diversified manufac- 
turing. 

NEW ORLEANS, LA.—$315,000,000—Cotton and cottonseed products, sugar, 
and diversified manufacturing. 

DALLAS, TEXAS—$145,000,000—Shoes and leather goods, cottonseed oil and 
byproducts, cotton ginning and milling machinery and diversified products. 

ATLANTA, GA.—$130,000,000—Diversified lines of manufacturing particularly 
for cotton ginning ‘and mi g machinery. 

TACOMA, WASH.—$125,000,000—Lumber and furniture. 

DES MOINES, IA.—$80,000,000—Meat packing, se and diversified manu- 
facturing, largely supplies to farmers. 


sary to use steam engines for power, 


as there were practically no water 


Agricultural implements were, of 
course, one of the big needs and thus 


falls in the central section of the many of the larger implement and 


United States. 


The name of Akron, Ohio, is always 
associated with rubber tires and 
other rubber goods. 


This view shows the two main plants 
of The Goodyear Tire and Rubber Co. 
at Akron, Ohio. A branch was built 

at Los Angeles, Calif., a few years ago. 
The rubber indus is of comparatively 
recent growth and it almost parallels 
the Sove opment of the automobile in- 
dust Goodrich, Firestone, Mil- 
ler rand other large rubber plants are 
also located in Akron. 


wagon factories were built up in the 
Central West, such as the Interna- 
tional Harvester Company, Stude- 
baker Bros.’ Wagon Works (now 


the Studebaker Corporation), John 


Deere Plow Company, Moline Plow 
Company, J. I. Case Threshing Ma- 
chine Company and others. With 
the prestige obtained in implement 
work, many of these have added the 
manufacture of automobiles or 
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Typical Plants Identified with Industrial Centers 


A— Pittsburgh, Pa., has long been known 


as the “Steel City” and owes much of its 
growth to its favorable location at the 
junction of two rivers which give it a 
40-mile water front and also to its close- 
ness to the Pennsylvania coal fields and 
coke ovens. Illustration A shows the 
National Works of the National Tube 
Co., at Pittsburgh, Pa. Beginning at 
the left the different plants represent the 
steel works, blast furnaces, coal hoist. 
skelp mills, electric department, lap weld 
department, and butt weld department. 

and C—On June 4, 1924, Ford produced 
the ten-millionth car. These illustrations 
show the two main factories, B, the River 
Rouge Plant and, C, the Highland Park 
Plant. The Highland Park Plant occu- 
pies 278 acres of which 105 are under 
roof, and employs 65.000 workers. At 
River Rouge, with a plant area of 1,100 
acres, the company operates the largest 
foundry in the world as well as a blast 
furnace, coke ovens, cement plant, ma- 
chine shops, body plant, saw mill, paper 


mill, locomotive repair shop and a tractor 
plant, and has about 40,000 employees. 


D and E—The first flour mill. at St. An- 


thony Falls on the Mississippi River, was 
established in 1822. Today the several 
flour mills grouped around these Falls at 
Minneapolis and St. Paul, Minn., are 
capable of producing 90,000 bbl. of flour 
daily. Illustration D shows the mills on 
the west bank, with the Washburn- 
Crosby plant in the foreground. Illus- 
tration E is of the Pillsbury plant, the 
largest mill in the world, and elevators 
on the east bank of the river. 


F—Textile mills represent one of our 


largest industries and users of power. 
The cotton goods industry has a total of 
1.863,542 primary horsepower and the 
silk, woolen and worsted industries have 
an additional total of 684.412 primary 
horsepower, all of which is about half 
electrified. This picture represents the 
cotton department of the Pacific Mills, 
a large textile organization with four 
plants at Lawrence, Mass. This one 


plant operates 184,096 spindles and 3,811 
cotton looms. 


G—Today, manufacture of machine tools 


is one of the important industries of 
Cincinnati, Ohio. Another important 
industrial development in this city is 
The Procter and Gamble Company 
Works, manufacturing soaps and 
many other products. 


H—Lumber and lumber products are one 


of the important industries in the North- 
west. About 40 of these plants are 
located in Spokane, Wash. One of the 
largest of these is the McGoldrick Manu- 
facturing Co., which produces lumber and 
building supplies. Spokane is also sur- 
rounded by a large anple, grain and live- 
stock center in addition to the timber 
areas. 


I—Another important industrial plant of 


Detroit, Mich., is that of the Packard Mo- 
tor Car Co. This plant, shown in the 
foreground, is one mile long. Several 
other large industrial works may be seen 
in the distance. ` 
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trucks in the development of the 
industrial Middle West. 

The invention of the Bessemer 
process of steel making and its in- 
troduction in the United States in 
about 1861 built up a big industrial 
center in the Pennsylvania coal 
region where the coal is made into 
coke and also used for power. The 
iron and steel industry was perhaps 
the first big user of power and cre- 
ated a demand for larger, more 
powerful and better engines. This 
industry has ever since taken an im- 
portant part in the development of 
better power-generating equipment 
and heavy electrical drives for its 
utilization. In but few other indus- 
tries is a continuous uninterrupted 
supply of power so essential. 

More recently, two other steel- 
making centers have been built up, 
due partially to the finding of a bet- 
ter supply of ore closer to these 
centers and also their nearness to 
market. For example, the Chicago 
steel district at the southern end of 
Lake Michigan is close to the Central 
Western market. Also the iron ore 
can be hauled to it almost entirely 
by boat, which is the most economical 
method of transportation. Although 
it is somewhat farther than the 
Pennsylvania region from the cok- 
ing-coal fields, it is cheaper to haul 
the coal the longer distance than the 
finished steel because coal, being a 
bulk product, has a very low freight 
rate, particularly when compared to 
finished steel shapes. The other 
iron-producing region is in the vi- 
cinity of Birmingham, Ala. This 
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Importance of Power in Some of the Larger Industries 


NuMBER OF 
EsraBLisB- 
MENTS 


INDUSTRY 


Agricultural Implements.. 
Automobiles, Parts and Bodies 
Briek, Tile, Pottery and Clay 


Electric Machinery, Appa- 
ratus, Supplies. . ; 

Flour and Grist Mills. . 

Foundry and Macame Shope. 

Furniture.. 

Ice, Manufactured.. 

Iron & Steel, Blast Furnaces. 

Iron and Steel, Steel Works 
and Rollin 

Lumber and Lumber Products 

Paper and Wood Pulp 

Printing and Publishin 

Rubber Tires and G 

Shipbuilding 

. and Meat Pack- 


Smelting and Refining Copper 
Total—All Industries.. 


city has become an industrial center 
due to the closeness of iron ore and 
coal, as well as an adequate local 
supply of labor. Other large iron 
works and steel plants are scattered 
over the United States, but are lo- 
cated either in the vicinity of an iron 
or coal mining region or of a large 
industrial center. 

Many other instances of the cen- 
tralization of an industry are prom- 
inently identified with the expansion 
of certain industries in the United 
States. Part of this centralization 
was due to the feeling that where a 
number of industrial plants engaged 
in similar work were located in a 
neighborhood there would be a larger 
supply of semi-trained labor avail- 


McGraw-Hill Compilation of 


Motors Installed in Industrial Plants in the 


Industry 


icultura n ie (a: 
Temes . 
Rubber and rubber prod 


Glass and 


Smelting and refining of metals 
Artificial gas manufacture 
chemioal industries 
machinery 


hey tee alg 
Metals sls and metal sl products other than wone or t ateek, 
Bituminous and anthracite coal mines. 


Stone quarries 
Miscellaneous mines and quarries. . 


Totals for all manufacturing industries, mines, 
quarries and wells of U. S 


Motors 33 b 
Motors Run by 
Purchased 


En 
Energy Pace Pla Pianta ` 
Rating 


10,977,136 520,078 8,230,293 1,557,192 


Primary HORSEPOWER 


237,854| 29,504,792 


276,813 


VALUE OF 
Propvuct 


Cost or FUEL 
ELECTRIC | on PURCHASED 
p. POWER 


5,038,512} $ 304,961,265 
25,320,519 3,304,726,138 


39,807,324 283,342,106 
31,400,634 1,279,235,393 
31,074,596 175,264,910 
32,742,310 438,658,869 
37,843,442 2, 166, 179,028 


13,739,110 997,968,119 
15,279,876 2,052,434,385 
48,365,702 2,289,250,859 
6,595,339 597,405,141 
25,606,264 137,004,798 
235,623,653 794,466,558 


156,964,862 2,828,902,376 
1,887,909,671 
788,059,377 
1,536, 408,283 
987,088,045 
15,604,092 1,622,361,361 


24,089,789 4,246,290,614 
15,398,068 1,065,434,072 
184, 255 19,243,024 651,101,591 


16,317,277| $1,645,986,556| $62,418,078,733 


100,263] $ 


12, 251, 441 
12, 605. 943 


able, as men could shift from one 
plant to another, and take advantage 
of their former experience. While 
this is still of advantage, many 
concerns now prefer to build up in 
smaller towns and develop a more 
steady force of home-owners and 
workers, instead of depending upon 
a more or less shifting crew. Also 
the cost of land, and frequently 
buildings, is lower than in a larger 
city. Most large cities, however, 
have a fringe of industrial develop- 
ments on the outskirts which take 
advantage of both large city and 
small community life. The city of 
Chicago is a typical example with its 
large industrial works at Gary, East 
Chicago, Hammond, Whiting, Chi- 


United States 


Distribution of Drive 


SSS 


29.520 


20,750 20,328 


19.207.429 655,611 880,312 91,181 
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cago Heights, Harvey, Cicero, Joliet, 
Aurora, Elgin, Waukegan and North 
Chicago. 

Although slaughtering and meat 
packing is the largest single industry 
in Chicago proper and iron and steel 
products the largest for the sur- 
rounding district a wide variety of 
miscellaneous industrial develop- 
ments have centered here due to the 
central location. Chicago is a big 
railroad center with direct transpor- 
tation to almost every part of the 
United States. The Lake transporta- 
tion is also an important reason for 
the growth of this district. Boston, 
Philadelphia, Baltimore, New York 
City and many other large cities have 
a similar fringe of industrial towns 
surrounding them. 

Today transportation to market 
and transportation of raw materials 
are two of the most important fac- 
tors in deciding on plant location. 
For example: Minneapolis, Minn., 
was and still is the center of the 
flour milling industry. This was 
largely due to its location at practi- 
cally the only available water power 
site in the Middle West and also to 
its closeness to the big wheat-produc- 
ing sections. The works now at Ni- 
agara Falls and Keokuk (Iowa), on 
the Mississippi River are compara- 
tively recent and due to water power 
developments at these points. 

Labor required is not a big ele- 
ment in flour milling; power and 
supply of wheat are. The flour mar- 
ket is everywhere. Wheat is easier 
shipped than flour and as freight 
rates increased it was but natural 
to start flour milling centers else- 
where until now there are two other 
important centers, although they are 
not as large as the first. These are 
around Buffalo, N. Y., and around 
Kansas City, Mo., and in Kansas. 
The Kansas milling center has the 
advantage of being in the center of 
the wheat fields and also it has a big 
flour market around it. Power is no 
cheaper but transportation on both 


The city of Butte, Mont., which 
owes its growth to the copper min- 
ing and reduction developments 
surrounding it. 


wheat and flour is lower. Buffalo, 
N. Y., is at the end of lake transpor- 
tation which is much cheaper on 
bulk wheat than on flour and also is 
near the center of the Eastern flour 
market. Niagara Falls offers a low 
power cost. 

A flour milling industry of consid- 
erable size has been developed on the 
Pacific Coast for similar reasons. 
Also many small flour mills are being 
erected over the country to take ad- 
vantage of local supply and market. 
There seems to be a decentralization 
of this industry. Cost of freight or 
transportation is probably the prin- 
cipal reason for this decentralization 
in flour milling as well as in some 
other industries. It is much cheaper 
to ship the coal and raw materials 
considerable distances if freight 
transportation on the finished prod- 
uct can be materially reduced. Raw 
material and coal go at cheap bulk 
freight rates while most finished 
products have a higher shipping cost 
and are frequently easily damaged 
and more bulky, as for example shoes 
in cartons compared with leather. 
Comparatively recent and important 
shoe centers are being built up 
around St. Louis, Mo., Milwaukee, 
Wis., and Chicago, III., although 
Massachusetts and New Vork have 
been the centers of the shoe industry. 

There are many other industries 
which have attached themselves to 
certain localities or cities so that a 
reference to the city almost in- 
stantly calls to mind the product. 
For example: Akron, Ohio, is asso- 
ciated with the rubber industry; 
Grand Rapids, Mich., with the furni- 
ture industry; Pittsburgh, Pa., with 
steel; Lowell, Mass., and Charlotte, 
N. C., with the cotton mill industry; 
Denver, Colo., Butte, Mont., and Salt 
Lake City, Utah, with mining; Holly- 
wood, Calif., with motion pictures; 


Chicago, Ill, with meat packing; 
Rock Island and Moline, III., and 
Davenport, Ia., with agricultural 
implements; Battle Creek, Mich., 
with breakfast food, and so on. This 
does not mean that these are the only 
industries of these cities, but that 
those mentioned are among the more 
prominent. 

Detroit, Mich., for example, is as- 
sociated with automobiles, although 
it has numerous other large indus- 
trial plants. This year the total out- 
put of Detroit plants was valued at 
about $2,000,000,000 and a large 
proportion of this was automobiles 
and automobile parts. Detroit got 
an early start in this industry and 
many of the largest automotive con- 
cerns have established their main 
plants there. Many other automo- 
tive concerns are established in other 
Michigan cities such as Lansing, 
Flint and others. 

The tendency today, however, 
seems to be toward building large 
assembly and semi-manufacturing 
branch plants in other sections of the 
country. Ford, for example, has 
built a large plant in the Chicago 
district and is building a plant to 
utilize the water power on the upper 
Mississippi River, above Minneapolis 
and St. Paul, Minn. Other sub-plants 
are built in other sections of the 
country. These take advantage of 
being nearer the market as the 
freight rate on an automobile from 
Detroit to Kansas City, Mo., or any 
other city, is much less when shipped 
to the assembly or branch plants as 
raw material or unassembled parts 
than if it were shipped as a finished 
automobile. 

To reduce freight rates is today 
one of the most important reasons 
for establishment of plants in any 
location, as now power can be ob- 
tained almost anywhere at about the 
same cost. Also in many industries, 
particularly light manufacturing, 
power is a small item of expense. 

Many other centers have been built 
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up to take advantage of freight sav- 
ings. For example, Los Angeles, 
Calif., is becoming an important 
branch factory or warehouse center 
for concerns distributing to the Pa- 
cific Coast and to foreign countries. 
The Goodyear Tire & Rubber Co. a 
few years ago built a large branch 
factory at Los Angeles. Kansas 
City, Mo., and Omaha, Neb., have, 
for the same reason, become centers 
for the territory between them and 
the Rocky Mountains. Similarly, 
Baltimore, Md., has had a rapid 
growth industrially as it has become 
a big exporting center, although New 
York City and its industrial com- 
munity holds predominence. Balti- 
more gets many export shipments 
because it is closer to Chicago, III., 
and the Central West than is New 
York City. 

Cheap power has been an impor- 
tant factor in the establishment of 
chemical and reduction plants in the 
Niagara Falls, N. Y., power district. 
In many of them the electric furnace 
is essential and is a big consumer of 
electric energy. Several similar in- 
dustries have been built up in the 
Keokuk power district on the Missis- 
sippi River and in the West. 

Because a city ranks high in any 
industry does not mean that it will 
always hold the field. Cincinnati, 
Ohio, for example, was once the lead- 
ing meat-packing city. However, 
today over two-thirds of the livestock 
is raised west of the Mississippi 
River and a comparatively small 
amount in Ohio. Therefore, the big 
meat centers are Chicago, which lies 
between the hog, cattle, and sheep 
raising section and the market, and 
Omaha, Neb., and Kansas City, Mo., 
which are directly within the stock 


INDUSTRIAL ENGINEER 


raising territory. Power is a small 
factor even though mechanical re- 
frigeration takes an important part 
in the slaughtering and packing in- 
dustry. Today Cincinnati is a leader 
in the machine tool industry, how- 
ever, slaughtering and meat packing 
is still one of its largest industries. 

The cement industry is one prom- 
inent example of an industry which 
is widely scattered over the country. 
The raw materials are found in many 
parts of the country and are quite 
heavy. The finished product is 
heavy, too, and its selling price is 
too low to permit much transporta- 
tion expense. Therefore, cement 
plants are carefully located over the 
country where the cost of transpor- 
tation for raw materials, coal and 
of the finished material to the mar- 
ket are carefully balanced. For this 
reason the plants are widely scat- 
tered over the country, usually near 
some large city so that they can sup- 
ply the local building and paving 
demands. Several mills may be near 
large cities like New York and Chi- 
cago because the market is so large. 

Coal for burning the cement and 
for power is a big item as it requires 
about 50 lb. of coal for each 100 lb. 
of cement. This makes the cement 
industry one of the largest users of 
power relative to the value of prod- 


uct handled. The blast furnace in- 


dustry is the largest user of fuel and 
power as will be seen from the ac- 


One of the largest petroleum re- 
fining plants. 


This is the Bayonne, N. J., refinery of 
the Standard Oil Co. This is an in- 
dustry which requires large amounts 
of fuel for heat rather than for power. 
Oil refineries are distributed over the 
country near the market as the crude 
oil is transported in bulk in ships or 
pipe lines while the refined oil must be 
more carefully handled. 
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companying tables. The coking 
industry, which is practically all 
fuel, ranks second in total value and 
the steel works and rolling mills, 
third. ö 

Some interesting figures may be 
obtained by carrying through some 
of the additional computations be- 
tween the figures given in the table, 
page 9. For example, in cement 
mills the cost of fuel and power is 
17.25 per cent of the value of the 
finished product. Also, each pri- 
mary horsepower in plant capacity 
produced only $850 worth of product. 
In ice manufacturing, which uses 
practically all its fuel for power, 
11.4 per cent of the value of the fin- 
ished product is expended for fuel or 
power. Here each primary horse- 
power capacity produces only $240 in 
finished product annually. On the 
other hand each primary horsepower 
in the flour milling industry produces 
$2,844 worth of finished product. 

The industry manufacturing brick, 
tile, pottery and other clay products 
also is a large user of power in that 
14 per cent of the total value of the 
finished product goes into power and 
fuel. Each primary horsepower 
produces about $655 worth of fin- 
ished product. At the time this 
census was taken only about 34 per 
cent of this industry was electrified, 
whereas about 70 per cent of the 
cement industry is electrified. How- 
ever, in the period from 1914 to 1919 
the amount of electrical horsepower 
used in the brick and other clay 
products industry increased from 
86,779 hp. to 148,061 hp. 

Six industries, as may be seen 
from the table on page 9, each 
show more than 1,600,000 horse- 
power. (Continued on page 46) 
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Designers and Operators 


Comment on the Question— 


Do Ball and Roller Bear- 
ings Justify Their Cost 
When Used in General-Purpose Motors’; Together 


With a Discussion of the Points of Comparison 
Between Ball, Roller, and Sleeve Bearings 


By HOWARD MAXWELL 


Designing Engineer, Induction Motor De- 
partment, General Electric Company, 
henectady, N. Y. 


URING the past 20 years or 

D so, motor designers have en- 

deavored to substitute ball 

or roller bearings for sleeve bear- 

ings for certain kinds of service and 

in certain types of machines. It is 

safe to say that the extent of their 

‘progress in this direction has been in 
direct proportion to the success at- 

tending their efforts in the use of 

these types of bearings. The most 


ardent proponents of ball and roller 
bearings have been impatient at 
times over what seemed to be the 
slow progress made in introducing 
these bearings into general motor 
use, but I think that even they would 
agree with me that if ball and roller 
bearings had been applied to all 
motors 15 or 20 years ago with the 
limited knowledge and experience 
available at that time, the results 
would have been very detrimental to 
the ball and roller bearing interests 
as well as to the motor industry. 
There is today a growing demand 


The motor on the left is equipped with 


ball bearings while the motor on the 
right has sleeve bearings. Which type of 
bearing will prove superior in the long 
run? Both motors were made by Fair- 
banks, Morse & Co. 


for general-purpose, industrial mo- 
tors equipped with ball or roller 
bearings, and many motor manufac- 
turers who have not regularly sup- 
plied them heretofore are weighing 
the need of meeting this demand in 
their standard lines, so that it is well 
to consider at this time the progress 
that has been made in the use of 
ball and roller bearings. 

The greatest assurance of success 
in the introduction of ball or roller 
bearings into standard lines of mo- 
tors at this time lies in the fact that 
the designers of these bearings now 
agree on many details on which there 
was in the past a wide diversity of 
opinion. Among these details may 
be mentioned the following: 

Lubrication.—It is now agreed 
that light grease is to be preferred 
for use on general-purpose motors 
operating below 2,000 r. p. m. It 
forms a better seal against the in- 
trusion of grit, and as it is less likely 
than oil to escape from the housing, 
less frequent replacement of the 
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lubricant, and consequently less at- 
tention, should be required. One of 
the principal advantages so far de- 
veloped for ball or roller bearings 
over sleeve bearings as heretofore 
made, is in their so- claimed freedom 
from oil or grease leakage which 
finds its way onto the windings of 
the motor and causes insulation 
trouble. In order to make good on 
this claim where grease is used, it 
will be necessary to educate the mo- 
tor users not to overfill the bearings, 
as there is no way to limit the quan- 
tity of grease inserted, as can be 
done with oil lubrication where over- 
flow gauges are used to determine 
the oil level. 

Standardization of Sizes.—During 
the past year the principal makers 
of ball bearings have all agreed to a 
list of sizes of bearings to be used 
with the different motor ratings. 
This list combining as it does the 
knowledge and experience of the 
many ball-bearing engineers into a” 
single recommendation, is of the 
greatest assistance to motor design- 
ers and gives assurance to all that 
we are now better prepared to ex- 
tend the use of ball and roller bear- 
ings than we have been heretofore. 

This standardization of sizes is of 
the greatest importance to motor 
users in that it simplifies the prob- 
lem of renewal bearings. Most of 
the ball bearings and some of the 
roller bearings are now interchange- 
able with each other, and if motor 
Makers use the same size bearings, 
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Here is a long lineshaft equipped 
with Strom ball bearings. 


It is said that reduced maintenance is 
obtained through the use of ball or 
roller bearing hangers on lineshafts. 


or at least the same series of bear- 
ings, it becomes very easy to provide 
for supply parts. For this act of 
standardization we are indebted to 
the suggestions and help given by 


MANY USERS of bearings 
are now asking the question 
which is embodied in the 
title of this article. In this 
article Mr. Maxwell states the 
factors that should be con- 
sidered when deciding the 
question for a given bearing 
application. This discussion 
was presented at a joint 
meeting of the Chicago Sec- 
tion of the American Society 
of Mechanical Engineers and 
the Western Society of Engi- 
neers held in Chicago. L. A. 
Hillman, Research Engineer 
of the Strom Ball Bearing 
Company, presented at this 
meeting a paper which will 
be given in a succeeding issue 
of INDUSTRIAL ENGINEER. Ar- 
thur Williams, Chief Engi- 
neer of the Shafer Bearing 
Corporation, gave a third 
paper which has been ab- 
stracted and precedes the dis- 
cussion of all three papers at 
the end of this article. 
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the steel-mill electrical and mechan- 
ical engineers. 

Assembly.—It is commonly ac- 
cepted that the inner race should be 
assembled on the shaft under a very 


‘light pressure fit, such as would be 


secured where the shaft is about 
0.0005 in. larger than the inside 
diameter of the inner race. This will 
prevent it from rolling on the shaft 
as it alternates from loaded to un- 
loaded side. In addition it is gen- 
erally recommended to further secure 
the inner race between a clamping 
nut and a shoulder on the shaft. 

The success or failure of ball bear- 
ings is closely allied to the manufac- 
turing tolerances and assembly fits, 
as you probably all well know. Ifa 
1-in. cube of steel be compressed so 
that its length is shortened 0.0001 in. 
it is being loaded 2,800 lbs. With 
this fact in mind you can picture the 
effect of any slight inaccuracies 
which tend to cramp the balls, and 
see that such unnatural loads may 
very easily exceed the normal 
capacity of the balls. I am quite 
confident that ball and roller bearing 
makers understand and are able to 
meet the tolerances required, and it 
is an evidence of their appreciation 
of the practical side of this that 
they now make the ball or roller 
clearance between raceways a little 
more free so that we can press the 
inner race onto a shaft where it is a 
little bit over normal allowance 
without cramping the balls. 

Enclosures.—In the details of the 
enclosing covers at the ends of the 
bearing housing there may yet be 
some slight difference in methods of 
grooving recommended, but even 
here they all follow along the same 
general lines. 

Ball- or roller-bearing- equipped 
motors now designed according to 
the above standardized practice and 
using the recommended sizes of 
bearings which are one to three sizes 
larger than those commonly used be- 
fore should, it would seem, give 
satisfactory service. So it is no 
longer a question as to whether ball 
and roller bearings will or will not 
work satisfactorily in motors, but 
rather the question is whether or not 
the ball and roller bearings offer ad- 
vantages over sleeve bearings which 
warrant their general use in the face 
of greater initial cost of the motor. 
I will confess that I do not know a 
simple answer to this question, and 
in fact I think it will require much 
more extensive use of ball or roller 
bearings in general-purpose motors 
than now exists in order to establish 
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the comparative value of the various 
claims of superiority. However 
there are several points of com- 
parison which are commonly made 
and can be intelligently discussed in 
the light of present experience. 

Saving in Friction Loss.—I men- 
tion this first because it was one of 
the first claims made for ball and 
roller bearings. In fact, even today 
these bearings are commonly known 
and designated as anti-friction bear- 
ings. This idea originated perhaps 
because their static or starting fric- 
tion is so low that it was quite 
natural to assume that they would 
have little or no friction under full 
speed. It was a great disappoint- 
ment to motor designers to find out 
many years ago, when they first 
equipped their motors with ball and 
roller bearings, that these bearings 
had about the same friction loss as 
the oil-ring lubricated, sleeve bear- 
ing. We made very careful tests 
then, both at no-load and with the 
bearings carrying the load of a 
heavy flywheel. In making the load 
tests the motor with sleeve bearings 
and fly wheel assembled on the shaft 
was allowed to coast from full load 
to zero speed without power sup- 
ply, and a deceleration curve plotted 
between time and speed. A similar 
deceleration curve was also taken 
with the same motor and fly wheel, 
but using roller bearings. 

It was found after repeated check 
tests that a reduction in speed from 
1,800 r.p.m down to 600 r.p.m. re- 
quired 20 min. with either type of 
bearing, but from 600 r.p.m to zero 
speed the sleeve bearing stopped in 
26 min. and the roller-bearing motor 
stopped in 88 min. 

Many later tests made at no-load 
on both ball-and roller-bearing mo- 
tors indicate that there is no appre- 
ciable difference in the friction loss 
of either type in motors operating at 
moderate or high speeds. We have 
taken the trouble to check motors 
of other than our own make equip- 
ped with both ball and sleeve bear- 
ings and find that they likewise show 
no difference in running friction 
loss. 

Over-All Length of Motor.—When 
ball bearings were first used many 
years ago, it was quite common to 
recommend much smaller sizes, and 
also lighter series of bearings than 
is customary today; so the impres- 
sion was then formed that they af- 
forded a means of shortening up the 
over-all length of motor because be- 
ing small in diameter they could be 
extended farther inside the motor. 
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Many motor users are putting ball 
or roller bearings on their motors 
in an attempt to reduce motor 
maintenance. 


This motor, which drives a punch, is 
equipped with Strom ball bearings. 


With the larger bearings now 
standardized and commonly used, the 
outside diameter of the bearing 
housing is too large to extend inside 
the rotor windings and so it has been 
our experience that the dimension of 
length over the bearing housings 
cannot be made less on the ball- and 
roller-bearing motors, at least in the 
smaller sizes, up to 50 hp. 

Smaller Air Gaps.— It has been 
proposed to reduce the radial clear- 
ance or so-called air gap between the 
rotating and stationary members of 
a motor where ball or roller bearings 
are used, and therewith rearrange 
the design to reduce the cost or im- 
prove the motor characteristics and 
thereby profit by this reduction. The 
air gaps now commonly used in in- 
duction types of motors are now 
quite small and are generally 
thought to be the minimum required 
by considerations other than bear- 
ing wear or clearance. They vary 
from about 10 or 12 mils on a 1-hp. 
motor up to about 80 to 35 mils on 
a motor of 50-hp. capacity. I have 
yet to find a designer who had the 
courage to make the clearance much 
smaller with any kind of bearings. 
On direct-current and synchronous 
motors the air-gap clearances are 
much larger, but they are set by 
electrical requirements and would 
not be made smaller with other types 
of bearings. 

Maintenance Costs—When we 
take up the subject of maintenance 
costs we will find data presented and 
opinions expressed by those using 
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motors in certain classes of service 
which show a very considerable ad- 
vantage on the side of ball and roller 
bearings over sleeve bearings. This 
advantage appears in motors used in 
foundries, steel mills, cement mills 
and other locations where the air is 
laden with gritty dust. I believe 
that this kind of service offers the 
most promising field for the imme- 
diate extension in the use of ball- or 
roller-bearing, general-purpose mo- 
tors. 

It is not argued that ball and 
roller bearings suffer less from the 
effects of grit in the lubricant, but 
that the form of enclosure and the 
use of grease instead of oil prevent 
the entrance of grit into their hous- 
ings. The designers of ball and roller 
bearings have thus indicated to the 
designers of sleeve bearings the need 
of more attention to dirt seals and 
in the past several years this detail 
has received more intelligent con- 
sideration so that the modern, 
sleeve-bearing motor is much im- 
proved over its predecessors in this 
respect. It is often contended that 
the present comparison of bearing 
life in dirty places is based on old 
designs of sleeve-bearing motors, but 
it seems to me that even so it still 
remains for sleeve-bearing designers 
to prove that their bearings are or 
can be made equal to ball and roller 
bearings in this respect. 

Where the bearings fail and have 
to be replaced every few months, as 
has been occasionally reported, the 
maintenance cost runs into very 
large figures each year, and it then 
overshadows all other considerations. 
And in plants suffering acutely from 
such trouble I do not expect those 
responsible for maintenance to give 
much weight to other points favor- 
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ing sleeve bearings. However, the 
number of motors located in such 
extreme conditions of grit-laden air 
are few as compared with the many 
in comparatively clean air, and thus 
the importance of this advantage be- 
comes less when considered for a 
complete line of general-purpose 
motors. 

Oil Leakage.— The escape of the 
lubricant from the bearing enclosure 
of sleeve-bearing motors is also 
largely a question of the design and 
manufacture of the housings. 

A certain amount of this kind of 
trouble is due to careless filling of 
oil wells. The oiler frequently spills 
oil over the outside of the motor and 
many of them add oil too often when 
the motor is running. It seems pos- 
sible that more trouble may arise 
due to too frequent oiling of motors 
than due to lack of attention causing 
the oil wells to run dry. Se much 
has been said along this line recently 
that I have been watching a 15-hp. 
motor which runs continuously and 
which has now been operating nine 
months without addition to or change 
of oil, and judging from the amount 
of oil that has evaporated or escaped 
in any way so far, I expect that the 
motor will run another year without 
adding oil. This motor is not spe- 
cial in aay way; it is equipped with 
the present standard design of sieeve 
bearing. 

I I think too much insulation trouble 
has been charged to the effect of oil 
on windings. While oil does tend 
to soften some kinds of insulating 
varnish and may in certain bad 
cases be the prime cause of insula- 
tion failures, still I do not think it 
is nearly so serious as a great may 
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people have been led to believe. 


Whether or not ball and roller 
bearings have and can maintain a 
just claim to advantage over sleeve 
bearings in this respect hinges on 
whether the attendants over-fill them 
with grease. When grease is in- 
serted through a plug or high- 
pressure grease fitting, there is no 
indication that the proper amount 
of grease has been applied until it 
appears at the openings around the 
shaft. It is our observation that 
ball bearings are also generally over- 
lubricated. Grease is surely as 
detrimental as oil to the insulation 
of all coils. 

Life of Bearings.—It would re- 
quire a great deal more data than 
I have available, and in fact than 
I believe is available anywhere, to 
compare intelligently the life of 
sleeve bearings with ball or roller 
bearings used in motors. We know 
of a few ball- and roller-bearing 
motors that were built 10 to 15 years 
ago and are still running satisfac- 
torily. We also know of some of 
the first induction motors sent to one 
of the southern textile mills over 30 
years ago which have run con- 
tinuously during the daytime and 
much of the time at nights, at a 
constant overload of 25 per cent; 
a recent investigation showed that 
six motors out of the 14 were run- 
ning yet on their original sleeve 
bearings. 

All this is interesting, but it does 


This grinder motor would not start 


its ; load a 1 7 Motor was 
a baited rataa at 17 p. 3,600 


r. p. m., and is equipped with Strom dall 
bearings. 
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not add much useful knowledge on 
the life of bearings. We need to 
know what percentage of bearings, 
ball, roller, or sleeve, fail the first 
year, what percentage the second 
year and so on, but such data is not 
available for very many motor ap- 
plications. 

I have mentioned the life of bear- 
ings in order to bring out a point 
which has often occurred to me when 
considering ball and roller bearings. 
The journal of a sleeve bearing runs 
on a film of oil which separates it 
from the bearing surface, and under 
ideal conditions there can be no wear 
or deterioration in the bearing or 
journal; under such conditions its 
life is, therefore, infinitely long. In 
a ball or roller bearing the parts are 
in metal contact and are subject to 
rapidly-repeated stresses which de- 
form the surface and bring into 
operation the laws of fatigue of 
metals. These laws teach us that 
metals subjected to repeated stresses 
eventually break down after a given 
number of repetitions of the stress, 
depending upon the magnitude of 
the maximum stress; therefore ball 
and roller types of bearings do have 
a certain, definite, useful life. 

This is not an argument against 
the use of ball or roller bearings in 
itself, but it simply emphasizes the 
necessity of selecting ball or roller 
bearings large enough to avoid the 
overstressing of the parts. 

I was very much pleased to find 
reference to this in a paper by Mr. 
Brunner printed in the May issue of 
the Iron and Steel Engineer, and to 
realize that the ball bearing en- 
gineers had investigated the life of 
bearings on the basis of fatigue. I 
believe we can, therefore, trust that 
their present-day recommendation 
as to sizes is on a very conservative 
basis of load rating. 

Vibration and Noise.—Vibration is 
more readily carried through a shaft 
supported on ball bearings than 
through one cushioned on an oil film 
in a sleeve bearing. This is especially: 
true for such periodicity of vibration 
as may be encountered with spur 
gearing and some of the worst cases 
we have encountered have been se- 
vere enough to crystallize the rotor 
windings. The noise made by the 
motor also is more noticeable with 
ball than with sleeve bearings. How- 
ever, these points can generally be 
satisfactorily overcome if given 
proper consideration by the motor 
designer. 

Cost.—The difference between a 
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standard, horizontal, general-pur- 
pose motor equipped with ball or 
roller bearings, and one equipped 
with oil-ring lubricated, sleeve bear- 
ings, will vary somewhat with differ- 
ent companies, depending upon the 
development of their equipment and 
methods of making sleeve bearings 
and when expressed as a percentage 
it will, of course, vary considerably 
with the size and type of motors 
compared. I can however say with 
a fair degree of accuracy in ap- 
proximation that on the squirrel- 
cage, or most popular type of motor 
now used today in sizes up to 50 hp., 
the cost will be increased at least 10 
per cent by the substitution of ball 
or roller for sleeve bearings. 

I realize that most of you are more 
interested in selling price than in 
manufacturing cost and that selling 
expediency may for a while establish 
prices on another basis, but I am 
sure that eventually the economic 
laws must bring selling prices in line 
with the cost of manufacture, in this 
case at least. 

We cannot help admiring the ball 
and roller bearings made today as 
wonderful mechanisms excelling by 
far the precision attained in any 
other parts regularly produced for 
our machinery. It has required 
scientific and untiring attention to 
detail to develop the processes of 
heat treatment, manufacturing 
methods and machinery as well as 
careful inspection and testing de- 
vices. 

These factors contribute to the high 
quality built into these bearings to- 
day and enable their makers to pro- 
duce them at what seems to me 80 
reasonable a cost. Perhaps their in- 
genuity will yet enable them to go 
further and produce the same high 
quality of bearings at even lower 
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cost and, if so, this will greatly. 


assist in promoting the use of them 
in industrial motors. 

In the foregoing remarks I do not 
wish to convey the impression that 
there exists today any very great 
difference of opinion between ball 
or roller bearing manufacturers and 
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motor manufacturers on the relative 
merits of the different kinds of mo- 
tor bearings, because I feel that the 
many papers written, as well as the 
discussions and conferences held be- 
tween them during the past year, 
have very effectively cleared up these 
divergent viewpoints. 


Main Points in Discussion of Ball, Roller 
| and Sleeve Bearings 


Following Mr. Maxwell’s paper, a 
paper on “Ball Bearings” was pre- 
sented by L. A. Hillman, Research 
Engineer, Strom Ball Bearing Com- 
pany, Chicago, III. Mr. Hillman's 
paper will be given in a succeeding 
issue of INDUSTRIAL ENGINEER. 

A third paper was presented by 
Arthur Williams, Chief Engineer, 
Shafer Bearing Corporation, Chicago, 
Ill. His paper was on “Roller Bearing 
Application to Industrial Uses” and is 
abstracted in the following: 

With the increased cost of labor and 
material, the engineer is called upon to 
design machinery requiring less skilled 
operators, less maintenance and which, 
at the same time, will have greater 
capacity and longer life. To attain 
these ends, he is turning more and more 
to anti-friction bearings. 

Many of the failures of bearings have 
been due to faulty application. A large 
amount of this has been due to lack of 
knowledge on the part of the user of 
the necessary care in machining of 
component parts, improper fitting, lack 
of provision for sufficient lubrication, 
and of improper grease or oil for the 
lubrication. 

Fitting processes for different bear- 
ings vary greatly. For instance, a 
deep-groove ball bearing must not have 
a tight press fit on either the inner or 
outer race. The running clearance of 
the balls is so little that any expansion 


Here is a lineshaft subjected to the 
strain and shock of large stamping 
machines. 


The lineshaft is equipped with Fafnir 
double ball bearing hanger boxes. 


or contraction of the races will severely 
overload the bearing and cause an early 
failure. With ball or roller bearings 
of the adjustable type, the revolving 
member is generally a good press fit 
and the stationary member a creeping 
fit so as to allow for adjustment. Some 
roller bearing manufacturers recom- 
mend a press fit for all cups to counter- 
act the bursting action caused by the 
thrust of the rollers. 

Load capacity of the bearing cannot 
always be determined from a table be- 
cause of so many unknown factors such 
as shocks, reversal of load, distortion, 
shaft whip, possible misalignment, and 
other causes that may come up. For 
this reason, most bearing engineers 
prefer to make recommendations on 
past practice. Where bearings are to 
be installed by millwrights or shop me- 
chanics they are likely to be abused 
while being installed. For this reason, 
bearings going into such hands should 
be made as near foolproof as possible, 
even to the extent of making the en- 
tire assembly a detachable unit which 
need not be dismantled to be put on or 
taken off the shaft. Careful instruc- 
tions should be issued on the mounting 
of bearings in order to make sure that 
they are pressed on or pulled off, for 
in many shops the sledge is often closer 
than the arbor press or the wheel puller. 

Because the industrial field is so 
large and covers such diversified 
classes of machinery, it is impossible 
fa one type of bearing to cover the 
field. The best bearing to apply at a 
given point is a matter to be deter- 
mined by the engineer. In most cases 
any type of bearing can be used, the 
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main question is, which bearing best 
suits the requirements of the applica- 
tion under consideration. Some of the 
determining factors that must be con- 
sidered are: 

Space—Certain applications are 
largely determined by the space allow- 
able for bearings. With little space 
between shaft and housing, and with 
unrestricted length, a non-adjustable 
type of bearing is required. Again 


where the overall length of the machine 


is important the narrowest bearing 
that will carry the load is required. 
In this case practically any type of 
roller bearing can be used. Often the 
bearing installation is such that the 
bearings, when once installed, are very 
difficult to get at. Here an adjustable 
bearing would be inadvisable. On the 
other hand assemblies are sometimes 
made much simpler and the construc- 
tion of the entire machine can be sim- 
plified by the use of adjustable bear- 
ings. These factors must be gone over 
with the layout engineer. 

Manufacturing Practices.—The ty pe 
of machinery being built more or less 
determines the bearing best suited for 
the application, although no set rules 
can be given along this line. 
ally, however, mill and elevator ma- 
chinery makers cannot use to advan- 
tage as fine a type of bearing as can 
a machine-tool builder, whose product 
is noted for extremely fine workman- 
ship and accuracy. Occasionally, how- 
ever, rough machinery has been 
wonderfully improved by the use of 
high-grade, roller bearings. 

Cost of the Bearing and Its Applica- 
tion.— The cost of the bearing is very 
small compared to the saving that it 
will make. For this reason, it is well 
to consider the bearing in the light of 
manufacturing requirements. One type 
of bearing may simplify the manufac- 
ture of the product or simplify the 
design or assembly of the machine. 
Here, again, different bearings can 
show advantages over others. On some 
applications, where alignment is hard 
to secure without greatly added ex- 
pense, the bearing that will take care 
of slight misalignment has a decided 
advantage. 

Efficiency and Maintenance.—lIt is not 
alone the saving of power that deter- 
mines whether to use plain bearings 
or roller bearings. In many cases the 
saving in maintenance on large instal- 
lations is a much greater factor than 
the saving of power. On the other 


Gener- - 
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vantage of ball and roller bearings. 


When the lineshaft shown here was 
equipped with sleeve bearings, the 
starting friction was such that it was 
necessary to pull the belt by hand to 
get the lineshaft under way. The line- 
shaft was then equipped with Fafnir 
double ball bearing boxes and the 
starting friction lowered so that it was 
unnecessary to igstall a larger or dif- 
ferent type motor. l , 


hand, if the power saving is the pri- 
mary factor, then the most efficient 
type of roller bearing should be used, 
depending on the service to which the 
bearing is to be put. The efficiencies 
of different types of roller bearings 
vary greatly, and no set of figures can 


be given which could be considered ab- 


solutely reliable. This is because cer- 
tain factors come up that have decided 
influence on their efficiency. For ex- 
ample, misalignment of housings or 
severe deflections of shaft will cause a 
decided drop in efficiency of a solid 
roller bearing of either cylindrical or 
tapered-roller type because of pinching 
of the rollers. On the other hand, this 


same misalignment will cause prac- 


Ball and roller bearings find exten- 
sive application to the rollers of 
belt conveyors. 


Reduced maintenance is said to be the 
principal advantage obtained in such 
an application. Strom ball bearings are 
used in this application. 
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tically- no change in the efficiency. of 
self-aligning bearings. 


Lubricants used should be of just suf- 


ficient consistency to stay in the hous- 
‘Ings, for in any anti-friction bearing 
the principle function of the lubricant 


is to prevent drag of the retainer and 
to prevent corrosion of the bearings. 
The class of grinding finish on the 
bearings is also another factor which 
will change the efficiency somewhat. A 
roughly-finished bearing of the same 
type will -show a lower efficiency than 
a highly-finished bearing. i 

Installation.—The mountings of roller 
bearings vary with different types and 
should be in accordance with the recom- 
mendations of the manufacturers of 
the bearing to be used. A few general 
principes that should be followed are 
to make sure that there is ample provi- 
sion for lubricant. If possible this 
lubricant should be so supplied that it 
will be able to circulate or distribute 
itself throughout the bearing and 
should the bearing run warm enough to 
melt, will not run out. Proper fore- 
sight along this line will insure the 
bearing running over long periods of 
time with little or no attention. Dif- 


ferent kinds of grease retainers are 


being used, depending on the applica- 
tion. In some installations a felt ring 
Is very satisfactory. This should be 
run on the shaft and should have just 
sufficient pressure to create an oil film 
and prevent the oil working out. 
Leather cup packings are being used 
successfully and where water or grind- 
ing compound is encountered the felt 
packing can be used with the addition 
of some type of labyrinth or slinger 
to positively throw the water away 
from the bearing while in operation and 
so designed as to prevent water from 
draining into the bearing when not 
running. 

Following the presentation of Mr. 

Williams’s paper, the remainder of the 
meeting was devoted to a general dis- 
5 of ball, roller and sleeve bear- 
ngs. 
In discussing the use of ball bearings 
in locations subjected to more or less 
dust and grit, Mr. Spencer of the West- 
ern Electric Company, recalled an in- 
teresting installation in the buffing and 
polishing department of that company. 
n this department, there are in use 
50 double-end polishers equipped with 
ball-bearing, direet- e urrent motors 
ranging in size from 2% to 10 hp. The 
bearings used are of the self-a igning 
type and Mr. Spencer stated that so 
far as he knew they had had no trouble 
with them. 

Mr. Spencer stated further: “I find 
that a great many machine designers 
are not particular enough about the 
location of oil grooves and the shape of 
them. Sharp-edged oil grooves defeat 
their purpose by scraping off the lubri- 
cation. On our drawings in the past, 
we have allowed or specified a running 
fit for bearings. In the future, how- 
ever, we are intending to abandon this 
idea and will specify a definite clear- 
ance, as we consider that this is 
extremely important in a new bearing. 
I think that the initial clearance, the 
kind of lubricant, the method of lubri- 
cating the units, pressure, the speed of 
the journal, together with the align- 
ment, are factors which are very im- 
portant, in fact, as important as the 
materials of which the journal and 
bearings are made. They are very 


often neglected in machine design. 
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“We have at the Western Electric 
Company, probably hundreds of thou- 
sands of bearings. I think that approx- 
imately half are sleeve bearings and 
the other half ball bearings. The ques- 
tion arises constantly as to which bear- 
ing is the best for our purpose. With 
the highest speeds, as on some of our 
wire insulating machines, the ball bear- 
ings are used in the mounting of the 
spindles, while the main drive and in- 
termediate shafts are usually mounted 
in bronze bearings.” l 

Mr. Brown, of the Westinghouse 
Electric & Mfg. Company, pointed out 
that ball bearings, because of their ex- 
treme sensitiveness to abrasive mate- 
rial, such as dust, as found in cement 
plants, have from the first been very 
carefully enclosed, because of the fact 
that their life depended upon the en- 
closure. He said that these enclosures 
have resulted in retaining the lubricant, 
which is one of the great points in 
bearings and from the lack of which 
sleeve bearings have suffered. ae 

On the other hand, in his opinion, 
sleeve bearings because they are not 
as susceptible to abrasive material and 
because a measure of success can be 
attained even with poorly designed en- 
closures, have been neglected to this 
extent and have given to the ball bear- 
ing its point of greatest argument for 
the position which the ball bearing 
strives to attain. 

Mr. Brown felt that before sleeve 
bearings were given up for a given 
application, something further ought 
to be done in the way of securing a 
sleeve bearing which will accomplish 
the results desired. He thought that if 
the enclosures of sleeve bearings were 
designed in as systematic and painstak- 
ing a way as has been done with ball 
bearings, perhaps it will be found that 
the sleeve bearings can be retained and 
also the many advantages which are 
inherent in this type of bearing and 
which must be abandoned by the use of 
ball bearings. 

Mr. Brown also spoke of the oil film 
which is found in sleeve bearings. He 
said: “This is one of the very impor- 
tant features of sleeve bearings, which 
must be abandoned in ball and roller 
bearings. The oil film is not, as we 
have heard, a delicate affair, but is an 
exceedingly strong film which can sup- 
port great weight. The ordinary 
pressures in sleeve bearings are on the 
order of 50 lb. per sq. in. in moderate- 
speed bearings. The pressure which is 
necessary to force out the oil film and 
bring the metal of the bearing into 
contact with that of the journal is many 
times greater than this. The shock 
loads, therefore, provided for by the oil 
film are very great, and we should 
think twice before we abandon such an 
advantage as this. : 

“I am glad that the ball bearing and 
the roller bearing have come, because 
there are many applications where the 
sleeve bearing has heretofore been used 
where it is hardly suitable, and where 
we will find that the ball and roller 
bearing will be more suitable. There- 
fore, we should use it in order to obtain 
the best engineering design.” 

The fact that the starting friction 
for ball and roller bearings is low was 
commented on by several speakers. An 
example was quoted of motor-driven, 
mine fans in which the size of the 
motor had been considerably reduced, 
due to the fact that the heavy load 
could be started much easier on ball or 
roller bearings than on plain bearings. 
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Mr. Williams said that overloading 
motors from starting friction is a com- 
mon occurrence. He spoke of trouble 
in getting under way a lineshaft which 
drove Cleveland automatics. The Cleve- 
land automatic is a very heavy machine 


and uses a clutch instead of a loose: 


pulley. The lineshaft was quite long 
and was driven by a 50-hp. motor. The 
entire lineshaft and countershafts had 
to be set in motion and, consequently, 
considerable starting torque would be 
required. Mr. Williams said that when 
large enough fuses were put on the 
motor to permit sufficient current for 
starting the lineshaft, the motor had 
absolutely no protection against over- 
loading under ordinary conditions. 

Another speaker discussed some in- 
teresting results of a test made on the 
street car system at Shanghai, China. 
These tests again show that in certain 
applications static friction is decidedly 
a factor in determining the amount of 
power consumed. In these tests a street 
car equipped with ordinary bearings 
was run through a route, at a certain 
speed and making the usual stops. This 
car was then equipped with ball bear- 
ings and run over the same route at the 
same speed and making the same stops. 
It was found that a saving of 25 per 
cent was obtained through the use of 
these bearings. Large ball bearings of 
Swiss manufacture were used. 

In continuing the discussion, Mr. 
Maxwell said that the static friction 
referred to was the static friction of 
the load rather than the static friction 
of the motors. He said: “The friction 
of a motor with plain bearings is rather 
insignificant at starting. It amounts to 
approximately 15 per cent of the full- 
load torque of the motor. As far as I 
know this has never been a point of 
much importance in the motor. Gener- 
ally speaking, for motor application the 
starting torque required to overcome 
the friction of a sleeve bearing is not 
a matter of importance in the motor 
itself.” 

The question was asked as to 
whether ball and roller bearings are 
not somewhat uneconomical for the 
lighter loads and entirely unsuitable 
for the higher loads where the centri- 
fugal force in the bearings tends to 
set up greater friction than in the ordi- 
nary sleeve type of bearing. In reply- 
ing to this question, Mr. Hillman said 
that he had not found it so in experi- 
ments which he had conducted. He 
said: Ball bearings that run at 15,000 
r.p.m. have worked out very satisfac- 
torily and I imagine that if the friction 
loss in this case was a very great fac- 
tor, that we would have had difficulty. 
If the centrifugal force of these balls 
against the outer race was very great, 
we would have had a sliding action and 
burning or heating of the balls, the 
same as we have when balls become 
locked in a retainer and spin around as 
part of the inner race.” 

Mr. Bley of the bridge department of 
the City of Chicago raised the question 
as to what kind of material to use for 
a bearing which would reduce friction 
and at the same time be non-rusting. 
The bearings he had in mind were to 
be located on a bridge where they 
would be subject to drippings and to a 
damp atmosphere and would remain at 
rest for so long a time that the rust 
enemy would probably be the one to be 
the most dreaded. He desired to know 
if there was a ball bearing made of 
bronze or some other non-rusting 
material. 
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In answering this question, Mr. Will- 
iams spoke of an inquiry from an elec- 
trical company that desired to use 
switches out in a marsh where little 
attention is likely to be given to them 
and where there is little chance that 
they will go through without rusting. 
He said that they had been experiment- 
ing with stainless steel to be used in 
the bearings for the switches. He 
found that stainless steel would give a 
hardness that was just under file-hard, 
and thought that this would be hard 
enough to give a bearing with a rea- 
sonably large capacity and one that 
would be assured of long life undcr 
very severe conditions. He thought 
that stainless steel offered more pos- 
sibilities on a roller bearing than on a 
ball bearing because of the greater 
contact of the roller on the race 
than of a ball on its race, which would 
mean that for the same size bearing a 
greater load could be carried with less 
stress at the point of contact. 

Mr. Hillman said that there had been 
some experiments conducted with races 
and balls made of monel metal or a 
composition metal which does not eas- 
ily rust. These were conducted in Swe- 
den and were not satisfactory as bear- 
ings so constructed were unable to 
carry heavy loads. 

Trouble arising over the lubrication 
of ball bearings was another point con- 
sidered in the discussion. An example 
was cited of a 2-hp. motor equipped with 
ball bearings that were entirely en- 
closed by a casing with felt rings on 
the side. This motor was running with- 
out undue rise in temperature until too 
much oil was poured in, when the bear- 
ing became smoking hot, due to the 
fact, in the opinion of the speaker, that 
the balls splashed the oil around and 
the felt rings on the outside kept the 
air from circulating. A scheme of 
maintaining the oil level just at the 
lower edge of the balls of the bearing 
was then devised, so that there would 
be no splashing and yet sufficient lubri- 
cation would be provided. With this 
scheme, the bearing worked perfectly. 
It was also found that in this particular 
case the heat generated by the felt 
washers on the casing of the bearing 
was considerable, and by taking these 
out and adjusting them so that they 
exerted only a light pressure on the 
shaft, considerable heating was elimi- 
nated. 

The question was brought up as to 
whether ball bearings should be run 
without oil and as to whether they can 
be run dry for a very long period with- 
out undue wear. In answering this 
question, Mr. Hillman said: Running 
bearings dry is a test that was used 
some years ago, and was called the 
dry test. It was thought that one of 
the things necessary for a bearing to 
do was to be able to run without oil for 
a period of time. The Bureau of Stand- 
ards in Washington has made some 
tests to determine whether the friction 
in ball or roller bearings is lessened 
by leaving out the oil. They have re- 
ported that they did not find any 
difference and this has been interpreted 
as meaning that ball bearings could run 
without oil. This is not true at higher 
speeds, although we have an application 
that ran for 900 hours at 15,000 r.p.m., 
where only one drop of oil was given 
to the bearings every hour. The point 
that has been mentioned regarding 
fluid friction of a lubricant heating up 
the bearings is one thing that we are 
troubled with.” 


January, 1925 


What You Ought 


To Know About 


19 


f Windings Having 
One Coil Per Slot 


= Including How They Are Made, | 
How to Wind Them and the f 
Advantages of Each 


Department, 
W estinghouse Ble ve Posada Co., 
East Pisseburgh Pa. 


WINDING having only one coil 
A side in each slot is known as a 
one-coil-per-slot winding. 
Such a winding would, of necessity, 
be single-layer in the slot section, in- 
asmuch as the slots can contain only 
one layer of coils. The coil ends, 
however, may be arranged in two or 
more layers. One-coil-per-slot wind- 
ings are used principally on the older 
types of high-voltage machines. 

The most common type of one-coil- 
per-slot winding is the concentric 
chain winding. This winding de- 
tives its name from the fact that the 


Kind of Winding 


A WINDING having only 
one coil side in a slot is 
known as a one-coil-per-slot 
winding. Of necessity, it 
must be single-layer in the 
slot section. The coil ends 
of the winding may take sev- 
eral different forms: concen- 


tric chain, basket, diamond, 
and involute types being typ- 


ical. All of these types are 
described and details for lay- 
ing them out are given in this 
article. A succeeding article 
will treat one-bar- per- slot 
windings as used on turbo- 


generators. i 
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Fig. 1—This is a concentric chain 
winding used on a 400-hp., 6,000- 
volt, tires- phase induction motor. 


coils in a group are arranged con- 
centrically with respect to each other, 
that is, one coil fits inside of the 
other, and where the coil ends over- 
lap, the arrangement gives the ap- 
pearance of the links in a chain. 

In Fig. 1 is shown a concentric 
chain winding for a 400-hp., 6,000- 
volt, 300-r. p. m., 24-pole, three-phase, 
60-cycle, induction motor. The sta- 
tor has 216 slots and since one coil 
occupies two slots, there will be 108 
coils. As it is a three-phase machine, 
it will have 36 coils per phase and 
since there are 24 poles in the ma- 
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chine, it will have nine slots per pole. 
Notice how the coil ends are ar- 
ranged. There are three coils in a 
group, one coil falling inside of the 
other; that is, the coils are concen- 
tric. 

This winding is wound in what are 
termed two ranges. This refers to 
the manner in which the coil ends are 
arranged to pass each other. It will 
be noticed that the coil ends are in 
two planes in Fig. 1, and that half 
of the coils come out of the slot 
straight, are given a radius, and 
bent back into the core at a distance 
of one pole pitch away. The other 
half of the coils is bent down and 
the plane of the coil is changed 90 
deg. before it is bent back into the 
core at a distance of one pole pitch 
away. 

In this type of winding, the coils 
are arranged so that each group of 
coils forms two poles; that is, it is 
known as a consequent-pole winding. 
Hence, there will be one-half as 
many groups as in a two-layer wind- 
ing. This is shown in Fig. 2. In 
diagram A, are shown two groups of 
coils for a two-layer winding. These 
two groups form two poles; the four: 
coil sides at the center form one pole, 
the two coil sides at the left form 
half a pole, and the two coil sides at 
the right form half a pole. Thus the 
two groups form two poles and each 
group is known as a pole-phase 
group. In diagram B is shown one 
group of coils of a concentric chain, 
single-layer winding. The three coil 
sides at the left form a north pole, 
while the three coil sides at the right 
form a south pole. Hence, this group 


Fig. 3—Here is the connection dia- 
gram for the concentric chain 
winding shown in Fig. 1. 


This winding is two-range, as can be 
seen from the two shapes of coils that 
Are used. 
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Fig. 2— These diagrams show the 
difference between a pole- phase 
group and a dupole-phase group. 

In diagram A are shown two groups of 
coils for a two-layer winding. As will 
be noticed, the two bottom (shown 
dotted) and the two top coil sides 
shown at J form a full pole while the 
two top coil sides at H form half a pole 
and the two bottom coil sides at K also 


diagram B is shown a group o 

ing. The 
form a north pole 
while the coil sides at the right form a 
south pole; hence the one group of coils 
forms two poles and the group is known 
as a dupole-phase group, that is, a two- 
pole phase group. 


coil sides at the left 


of coils forms two poles and to dis- 


tinguish it from the group shown at 
A, of Fig. 2, it is called a dupole- 
phase group; that is, it is a two-pole 
phase group. 

In the concentric chain winding 
previously mentioned, the number of 


A, Bı 
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dupole-phase groups will be one-half 
of the product of the poles and 
phases; that is, it will equal (24 X 3) 
＋ 2 = 36. The number of coils in 
series per dupole-phase group will 
equal the total number of coils di- 


‘vided by the total number of groups. 


The total number of coils is equal to 
one-half the number of slots; hence, 
in this case, the number of coils 
equals 216 ＋ 2 = 108. The number 
of coils in series per dupole-phase 
group will equal 108 36 = 8 coils. 

As has been explained, one concen- 
tric group of coils will form two pole- 
phase groups which, of necessity, 
must belong to the same phase. Since 
the pole-phase groups fall in the 
order of the phases as shown in the 
top diagram in Fig. 3, and since 
there are three phases, there must be 
slots enough left inside of the small- 
est coil of the concentric group to ac- 
commodate one pole-phase group for 
each of the other two phases. Con- 
sequently there must be two pole- 
phase groups inside of the smallest 
coil of a concentric group. For the 
winding shown in Fig. 1 the smallest 
coil must leave six slots between its 
two sides. Therefore, the pitch of 
this coil will be l-and-8; the pitch of 
the middle coil will be I-and-10, and 
the pitch of the outside coil will be 
l-and-12. This is shown in the top 
diagram of Fig. 3. 

A two-layer winding for this ma- 
chine would have a coil pitch equal to 
the number of coils divided by the 
number of poles; then 216 + 24 = 9, 
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or a pitch of l-and-10. This is. 100 
per cent pitch. Consequently, since 
the middle coil of the concentric 
chain winding has a pitch of 1-and-10, 
it has full or 100 per cent pitch; the 
inside coil is chorded one slot under- 
pitch and the outside coil is chorded 
one slot over-pitch. The chord fac- 
tor, however, of both the inside and 
outside coils will be the same, for 
the average pitch is (7+9-+11) + 
3 = 27 8 9, or a pitch of l-and-10. 

In laying out a winding similar to 
the one shown in Fig. 1, lay out slots 
enough for, say, five poles, as shown 
in the top diagram of Fig. 3 and 
mark the arrows on each pole group 
so that the polarity of each pole 
group will alternate, as shown. Since 
we know the pitch of the coils, we 
may draw in the first concentric 
group of A-phase coils, as shown in 
the diagram. We will take the first 
pole-phase group of each pole, shown 
at the left in both diagrams in Fig. 
3 as having coils that come straight 
out of the slot and are not bent down. 
The outside coil will be the start of 
the A phase, as shown at A.. 

Slots 4, 5 and 6 will be occupied by 
the B phase and slots 7, 8 and 9 will 
be occupied by the C phase. Know- 
ing the pitches of all of the coils, the 
coils may be sketched in the order 
shown in Fig. 8. Since slots 1, 2, 8, 
10, 11 and 12 are occupied by 
straight-out coils, slots 4, 5, 6, 7, 8 
and 9 must be occupied by bent- 
down coils; that is, coils of the sec- 
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ond range. From the diagram you 


will notice that the straight-out coils 


‘fall in the order A, B, C. The same 


is also true of the bent-down coils. 

We have started the A phase at A.. 
We may start the B phase in the 
next pole at B: and the C phase in 
the third pole at C:. This will give 
us two phases with current leading- 
into the winding and one phase with 
current leading out as is shown by 
the arrows on the leads in Fig. 3. 
This is the two-in-and-one-out check 
which all three-phase developed wind- 
ings must meet. 

In connecting the individual coils, 
the outside coil should be connected 
to the middle coil, the middle coil to- 
the inside coil, and the inside coil is 
then connected to the outside coil of 
the next dupole-phase group for that 
phase. 

With concentric chain windings 
having an odd number of groups, it 
is necesary to use a specially-shaped 
group of coils. Take the case shown 


Figs. 4 and 5—Diamond-shape 
winding and shoved-through type 
concentric chain winding. 


e stator and the fr 
and connected as shown in the lower 
ah of mha illustration. This machine 


8 ree phase and 
- gilots, a oo zane 05 ce io phase 
ups. spec or bastard group is 
tbe placed in the empty slots in the 
lower left of the illustration. 
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in Fig. 5. This is a three-phase, 
14 pole stator, having 210 slots and 
105 coils. This winding has 15 slots 
per pole and, (14X 3) 2221 
dupole-phase groups. There will be 
105 + 21 = 5 coils per dupole- phase 
group. Hence, the pitch of the in- 
side coil of a concentric group of 
coils will be 1-and-12. In Fig. 5 there 
are twenty concentric groups of coils 
in place. Ten of these groups are 
made up of coils having bent-down 
ends and ten having ends which «are 
in the same plane as the coil sides. 
At the lower left of Fig. 5 there are 
two places where five slots have been 
left empty. Coils having coil ends in 
the same plane as the coil sides can- 
not be used here as they would ob- 
struct the unconnected coil group 
falling between the two sets of empty 
slots. Coils having bent-down ends, 
the same as the others, could not be 
used, for they would obstruct the ad- 
jacent, bent-down group of coils. 
Hence, to fill these slots, coils having 
specially-shaped ends must be used. 

The winding shown in Fig. 5 is 
termed a “shoved-through” type, 
two-range, concentric chain winding. 
Five different sizes of molds are re- 
quired for this winding. Ten groups 
are shoved through from one side of 
the stator and ten groups from the 
opposite side. The free ends are then 
formed and connected together on 
the stator, as shown in the lower 
part of Fig. 5. 

The only advantage of this type 
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of winding is that it can be well in- 
sulated on the ends. This, however, 
is more than offset by the expense in- 
volved in making the number of dif- 
ferent sizes of molds required for 
winding the coils and by the labor 
required in placing the coils in the 
stator and connecting them up. An- 
other disadvantage is that this type 
of winding cannot be readily adapted 
to changes in the number of poles or 
phases. 

For example, take the case shown 
in Fig. 6, which is a three-phase sta- 
tor having 96 slots, 16 poles, 24 
dupole-phase groups of two coils per 
group, and two slots per pole per 
phase. If we wanted to use this 
frame for a 12-pole winding, it 
would necessitate leaving a few slots 
idle, as there would be (12 X 3) +2 
= 18 dupole-phase groups and with 
48 coils there would be 48 18 
groups, which gives us 12 groups of 
three coils and six groups of two 
coils. Odd grouping cannot be used, 
however, and therefore it would 
mean killing 12 coils. This is a loss 
of 25 per cent and consequently the 
12-pole winding would not fit. Again, 
assume that we desired to use this 
stator for a two-phase 14-pole wind- 
ing. There would be (14 X 2) +2 
= 14 dupole-phase groups. Dividing 
48 by 14 gives us 14 groups of three 
coils with six coils left over. Hence 
we would have six dead coils. Here 
again this change could not be satis- 
factorily made. 

From the above it follows that to 
construct a diagram for a concentric 
chain winding, first, determine the 
number of groups; then calculate the 
number of slots per pole per phase, 
and finally find the number of ranges. 
Next lay out about four or five poles 
as is shown in Fig. 8, place arrows on 
the coils so as to form the pole 
groups and then connect the groups 
together using the two-in-and-one- 
out method mentioned before. 
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Fig. 6—Here is another shoved- 
through type of concentric chain 
winding. . 


The advantage of this windi is that 
it can be well insulated on the ends. 


Another form of one-coil-per-slot 
winding is called the basket winding. 
In this winding the coils are all of 
the same size and are shaped while 
winding. The coil ends cross each 
other by the most direct route in 
smooth regular curves. The inter- 
weaving of the coil ends gives the 
winding an appearance similar to the 
weave of a basket, hence the name. 

Still another form of one-coil-per- 
slot winding is the diamond-shape 
type shown in Fig. 4. This winding 


has 144 slots, 72 coils, 16 poles and 


Figs. 7 to 9—Here is an involute 
type of one-coil-per-slot winding. 
Fig. 7 shows an involute ws in 


pace A shows 
e winding and connected. 
Fig. 9 shows an involute winding for 


the rotor of a large induction mete 


the illustrations, one coil side is shorter 
than the other for the same coll. 


en 


is intended for three-phase service. 
The winding is wound with conse- 
quent poles; hence each group of 
coils forms two poles as has been ex- 
plained previously in this article. It 
will be noticed that the coil sides 
which connect to the ends on top 
form one pole and the opposite sides 
of the same coils which connect to 
coil ends overlapped by the above 
mentioned coil ends, form another 
pole. In other words, each group of 
nine coils forms two poles; conse- 
quently, there will be three coils per 
dupole-phase group. The coil pitch 
depends upon the number of slots 
per pole. 

The advantages of the diamond- 
shape coil are as follows: A form 
may be made so that it can readily 
be adjusted for different sizes of 
coils; the coils can be easily insu- 
lated and assembled; repairs to dam- 
aged windings can be made with 
small expense; the winding can be 
arranged and cennected in nearly any 
manner; the connection may be read- 
ily changed to suit different condi- 
tions; for a certain machine the coils 
may be alike. (Continued on page 47) 
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ADVANTAGES and applica- 
tions of sectional steel con- 
struction for shelving and racks 
in industrial storerooms were 
given in the December, 1924, 
issue of INpUSTRIAL ENGINEER. 
This article presents a similar 
discussion on the use of stand- 
ard steel sections for enclosing 
departments, for constructing 


shop offices and for subdividing 
general offices. 


Some Details 
On the Use of 


Industrial Partitions in 
Office and Factory 


For Erecting Enclosures Around Departments and 


for Isolated Offices, Such as for Foremen and 


Timekeepers, as Well as for Subdividing Large 
Areas into Offices or Small Rooms 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


ODERN industrial plants 
M are under an intermittent 
process of making changes 
and rearrangements in layout. Fluc- 
tuating production demand, new or 
discontinued products, or changes in 
methods or processes, cause increases 
or decreases in the space required 
and in many cases an entire shifting 
of machines and sometimes of whole 
departments. 

Industrial men have found that 
this occurs so frequently that it is 
desirable to use partitions which 
may be taken apart without damag- 
ing them and again erected in a 
new location. Wood was first used 
for this purpose, but because of the 


numerous advantages of steel, as 
will be pointed out later in this arti- 
cle, a large proportion of these are 
now made of steel or wire and often 
provided with glass panels, doors 
and transoms. Some wooden parti- 
tions are made in sectional units but 
these are generally used in offices 
and do not stand up under the hard 
knocks they receive in industrial 
service. A hard bump with a loaded 
truck would crush them. Also, in 
most industrial works it is desired 
to have as little wooden construction 
out in the plant as possible because 
it adds to the fire hazard. This 
hazard is increased due to the pos- 
sibility of oily waste or rags being 
accidentally left in contact with the 
wooden partition. 
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This factory office is adopted as standard 
in this plant. Here it is located under a 
craneway and so is roofed over for the 
sake of safety. 


Steel partitions have many of the 
same advantages given for steel in 
the construction of factory shelving, 
as indicated in the article on, 
“Shelves and Racks in Industrial 
Storerooms,” which appeared in the 
December, 1924, issue of INDUSTRIAL 
ENGINEER. One of the first and most 
important advantages of steel con- 
struction for partitions is its ability 
to resist fire. Steel is not only non- 
combustible but it will often retain 
a fire in a closed office until it has 
burned itself out. Also, where 
sprinklers are installed, all fire and 
water damage is confined to the one 
location. Where the building has a 
sprinkler system at least one sprink- 
ler-head is required in each enclos- 
ure. Steel partitions will not absorb 
oil, turpentine or paint as will wood 
and so do not become hazardous. 

Perhaps the next most important 
advantage of steel lies in the pos- 
sibility of unit construction which 
enables whole sections to be assem- 
bled with doors, glass or wire panels, 
or transoms as desired. This unit 
construction enables the partition to 
be salvaged by taking it apart and 
using it again when necessary to 
make any rearrangement. Also, 
these units can be fitted together to 
fill almost any opening. 

Another advantage is that steel is 
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Typical Applications of Standard Steel Partitions 


Examples Taken from Thirteen Industrial Plants 


A and B—Exterior and interior views of the stand- 
ard mill offices used at the Lorain, Ohio, plant 
of the National Tube Co. 


C—Notice how the standard units fit around a col- 
umn and pilaster cap. The large glass area in the 
partition units gives considerable light through 
a double row of offices. 


D—tThe space between tops of partitions and ir- 
regular-shaped ceilings is filled in with special 
plates. 
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E—Wire mesh partitions may be used as backs to 

shelving in order to let more light through. 

Note the cross bracing necessary when backs are 

omitted. 


F—A neat arrangement of individual offices made 
from standard units. 


G—tThis industrial recreation room is built up of 
standard steel-and-glass units. 


H—The wire mesh partitions around the stock- 
room permit the same heating and ventilating 
units to heat both stockroom and factory. 


I—Note here the sliding door, the receiving wicket 
and also the swinging floor opening for receiving 
or issuing tote boxes. 


J—A neat method of fitting the partitions around 
the flaring top of the column. The double door 
may be obtained in most types of standard 
equipment. 


K—Another wire-mesh-enclosed stockroom with 
several subdivisions. 


L—Special rustproof partitions used in factory 
toilets. Similar partitions are sometimes used 
around showers. Standard steel units are used 
for the enclosing walls. 


M—Here a combination of steel units and wire 
mesh is used. Notice also the large double 
sliding doorway. 


N- This application of wire mesh units closes off 
a stairway. 
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How small offices are roofed over. 


This is one type of standard steel sec- 
tion used for roofing over small offices. 
These do not need any support except 
at the end when standard steel sections 
are used, unless the office is wider than 
10 ft. If glass in units is used, the 
‘permissible width between supports is 
8 ft. Frequently it is possible to sup- 
port the roof from the ceiling of the 
main building, as is shown in the two 
illustrations at the bottom of the page. 


easily painted or enameled and car- 
ries a good finish. Some of the 
manufacturers of these partitions 
supply them with only a priming 
coat for protection during shipment 
and the user paints them any color 
desired. Others supply them in a 
more highly finished enameled coat- 
ing. Also, steel is easy to clean and 
keep clean. Its strength is an im- 
portant consideration when used in 
an industrial plant, for although a 
partition may be sprung when 
bumped, as by a loaded truck, any 
permanent indentation may be 
straightened out for the sake of 
appearance. These bumps may in- 
terfere somewhat with dismantling 
but they could be straightened out 
again before reassembling. 

Modern factory buildings are 
often erected with large, open floor 
areas. Frequently, no actual divi- 
sion walls are placed between de- 
partments. A large open area is 
usually easier to heat and ventilate 


purposes: 
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than are smaller subdivisions. In 
addition, it would hardly be practical 
to build in many permanent walls 
because of the difficulty in deciding 
exactly where they should be. This 
has led to the wider use of steel unit 
partitions. 

These are used for three general 
(1) Foreman’s or time- 
keeper’s factory offices; (2) Subdivi- 
ding main factory or general offices; 
(3) Separating departments, such as 
enclosing stockroom, toolroom and 
similar places. 

Since management has begun to 
exercise more careful control and 
supervision over the workers and 
their jobs, it has become necessary 
to maintain larger departmental of- 
fices distributed about the plant. 
These are for the foremen, timekeep- 
ers and also for handling the assign- 
ment of jobs to workers. Unit steel 
sections are easily adaptable for this 
purpose, as is shown in the illustra- 
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tion at the head of this article. Here 
the door unit is the same size as a 
wall section and so can be inserted 
anywhere in the wall. Also, here, 
as in many other cases, it is neces- 
sary to cover the office to keep out 
dirt and noise and also make it 
easier to heat for the benefit of those 
who must remain inside all the time 
and so require a higher temperature 
than the factory workers who are 
more attive. Very frequently, a few 
girls are employed in these offices. 
In such cases, more adequate provi- 
sion for heating is necessary. Ordi- 
narily, steam is used if available. 
However, many warehouses are not 
heated. In such cases, a small office 
such as this may be most econom- 
ically heated by unit electric heaters, 
as electrical energy can be carried 
any reasonable distance with prac- 
tically no loss and at much less in- 
stallation expense than for a steam 
unit. Lines carrying steam several 
hundred feet, as is sometimes neces- 
sary, would have a larger loss in the 
radiation of the line than would be 
required to heat the office. 
Frequently, it is desirable to add 
some facility for ventilating the shop 
offices which are covered over. This 
is not always done, however. One 
way to do this is by the use of tran- 
soms or upper sashes which may be 
opened. These, however, open up the 
enclosure to noise and dirt. Another 
way is to use a fan ventilator set in 
a panel or a small blower to exhaust 
the air from the room. Often it is 
not necessary for the office to be 
covered over. However, when under 
a craneway, as in the illustration at 
the head of this article, it is much 
better from a safety standpoint to 
cover it. Many manufacturers of 
partitions will provide unit sections 
of metal or glass, or in combination, 


A large room is constructed of 
standard steel units and roofed 
over. 


This battery room is erected inside a 
branch factory of a large automobile 
manufacturer. Here it was necessary 
to roof the enclosure. This was done 
by using standard steel sections and 
some glass sections, which enabled the 
room to be lighted by “borrowed” light 
from the skylight of the main building. 
These glass sections are suspended 
from the ceiling of the main building. 
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which may be used as a roof. In 
buildings with low ceilings, the par- 
titions may be extended clear up to 
the ceiling. After the partition units 
are run up to the full height the 
space between the top rail and the 
ceiling is filled with a special plate 
which may be cut to fit around cor- 
nices, columns or beam ceilings. 

Steel partitions are becoming more 
commonly used in laying out general 
or factory offices in connection with 
industrial plants because alterations 
are perhaps more frequent in office 
layouts than in the plant itself. 

Several arrangements of these 
steel partitions for offices are shown 
in some of the accompanying illus- 
trations. In buildings with ceilings 
of ordinary height the partitions 
often are extended to the ceiling. 
However, they are frequently 
stopped about a foot or two below 
the ceiling so as to provide for 
ventilation. At this height, the par- 
titions do not allow voices to carry 
over objectionably from adjoining 
offices. Where partitions do not 
reach the ceiling, a special cornice 
or head rail in long lengths is used 
on the top. With these lateral or 
ceiling braces are usually not neces- 
sary unless a wall extends over 20 
ft. in length. 

Although it is not always neces- 
sary to separate or enclose depart- 
ments, it is very desirable at times, 
as in the case of toolrooms, stock- 
rooms, experimental or new develop- 
ment departments, and laboratories, 
plating rooms or other departments 
which give off fumes or odors. Some 
of these need tight enclosures while 
with others the partitions need not 
extend to the ceiling. In some cases, 
it is even more desirable to have a 
partition of wire mesh above the 
lower panel to aid ventilation and the 
distribution of heat. Also, in some 
cases wire partitions are used to 
aid in the distribution of light. A 
steel mesh can be obtained in place 
of glass panels in almost any type of 
partition. Mesh is also used around 
tool and other supply wickets. Each 
manufacturer of steel partitions of- 
fers various types of wickets, some 
of which are shown in the accom- 
panying illustrations. 

Laboratories and similar depart- 
ments producing fumes or odors are 
usually in rooms with low ceilings. 
The partitions can then be extended 
all the way up. However, when it 
is necessary to place them in large, 
open rooms with high ceilings the 
enclosure must be roofed over. How 
this is done in the battery room of 
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a branch factory of a large auto- 
mobile manufacturer is shown in the 
illustrations and sketch shown on 
the previous page. This is an excep- 
tionally large room and the side walls 
were erected complete from a stan- 
dard partition unit. 

The roof was assembled partly 
from glass units and the balance of 
steel. The entire room is clear of 
posts or uprights. For assembling 
the roof lightweight steel beams or 
supporting bars extending across the 
roof were anchored into the parti- 
tion posts and were held up by sup- 
port bar hangers suspended from the 
roof of the main building. The 
glass panels in the roof of this bat- 
tery room enable advantage to be 
taken of the natural illumination re- 
ceived through the skylight of the 
building. If it should become nec- 
essary at any time to change this 
battery room, it can be taken down 


‘and re-erected in some other part of 


the plant, or even in another plant 
without any additional cost except 
labor cost. 

The method of constructing a roof 
for a smaller shop office is shown in 
the accompanying sketch. In the 


assemblage of the steel roof as 
shown in the detail sketch, sheets 
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are cut approximately 18 in. wide 
and are curved up, lapped over and 
bolted together with 1-in. bolts. 
This construction is strong and 
sturdy and can be used without sup- 
port bars of any kind up to a width 
of 10 ft. This, of course, holds good 
for any length of room. However, 
roofs which are assembled from 
standard glass units can be con- 
structed without support bars of any 
kind up to a width of 8 ft. In shop 
offices of larger size where the 
roof cannot be self supporting, this 
roof surface may be supported from 
the ceiling with hanger rods, as is 
indicated from the illustration of 
the large battery room. 

In erecting partitions the main 
requisite is to follow the directions 
of the manufacturer and to be sure 
that sections are vertical, that the 
floor is level, or that the partitions 
are blocked up so that they fit to- 
gether securely both horizontally 
and vertically and that they are 
fastened together properly. Other- 
wise, due to improper construction 
and forcing these sections together, 
some section may be put under a 


strain which may interfere with dis- 


mantling them; also if they are 


strained (Continued on page 46) 


(1) Floor plan showing columns, 
walls and windows or mul- 
lions adjoining partitions, 
also location of doors in par- 
titions and direction in which 
they are to swing. 

This floor plan must show 
dimensions, and state whether 
they are exact or approximate. 
Often a small change in avout 
will permit stand units to be 
used at a considerable saving in 
cos 


(2) Is the floor wood or masonry ? 


(8) Nature of walls (brick, plas- 
ter, etc.). 

(4) Are wall surfaces, into which 
partitions run, straight or ir- 
regular up to the height of 
the partition head rail? 

lf irregular, it is usually 
necessary to place the nearest 
mullion a short distance from 
the wall and fill the intervening 
space with a flanged steel filler 
plate cut to fit the wall. The 
same applies to columns. 

(5) Is the partition to be open or 
closed above the head rail? 
If closed, state exact distance 
from floor to ceiling. 

Partitions that meet the ceil- 
ing cost much more to make 
and fit than when a space (say 
1 ft.) is left. This space makes 
little difference in sound trans- 


Information Necess 
When Planning or Laying Out Steel Partitions 
These ten questions, which are used by one manufacturer in preparing esti 


mates, will also be valuable to the prospective user in determining some of the 
points to consider when p 


an installation. 


mitted; it gives clearance for 
sprinkler pipes. etc., and it is 
valuable for ventilation. 


Must partitions meet window 


mullions ? 
If so, furnish a sketch of ver- 
ara rofile, so that a steel plate 
cut to fit tho desired 
contour. 


(7) 5 desired height of base 


This should preferably be the 
standard height for tha typa < tg 
p artition; but it may be 

eight (32 in.), or some other 

height, at additional cost. 

Minimum door opening al- 

owed. 

See catalog for standard door 
openings. ceasionally wider 
doors are necessary to accommo- 
date furniture or shop articles. 

(9) Specify kind of glass desired. 


ills or 3 will be 


(6 


— 


(8 


— 


furnished if specified. 
(10) Hardware should be specified 
in detail. 

Standard equipment should 
always be used. For interior 
Partition doors, locks and latches 
are usually unnecenaary. A door 
check and pull handle are better. 

here hardware is not speci 
we furnish such doors with 
hinges and pull handle, but not 
with door check. Outside doors 
will be furnished. on specifica- 
tion, with cylinder locks to fit 
customer's master keys. 
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BY ITS NATURE the volume of motor-repair work is a 
very uncertain quantity, and the first big problem of 
management is to decide how to take care of these fluc- 


tuations in volume. 


In this article, which is an abstract 


of an article read at the annual convention of the Asso- 
ciation of Electragists International, Mr. Svendson ana- 
lyzes and contrasts methods of taking care of this varia- 


tion. 


He also stresses the importance of operating and 


analyzing the results of a shop accounting system, 


Business Viewpoints on 


Operating and Managing 
Motor Repair Shops 
Together With Ways of Handling a Fluctuating 


Volume of Work, Importance of Proper Account- 
ing, and Stores Control of Repair Parts 


By GEORGE P. SVENDSON 


President, Boustead Electric & Mfg. Co., 
Minneapolis, Minn. 


RIGINALLY, the motor-re- 
O pair business was operated 
as a sort of necessary evil 

in connection with electrical con- 
tracting and it is even today con- 
sidered by many Electragists as an 
unprofitable branch of their business. 
But of late years, the use of elec- 
trical power equipment has grown 
by leaps and bounds and the old 
type of motor-repair shop has found 
itself unable to take care of the 
increased business. This has re- 
sulted in a great many establish- 


ments devoting a substantial part of 
their efforts to work of this char- 
acter. 

By its nature the volume of motor- 
repair business is a very uncertain 
quantity, and the first big problem 
of management is to decide how to 
take care of these ups and downs 
of volume. They are not seasonable 
to any great extent, nor can pre- 
diction of them be based on past ex- 
perience since they originate in ac- 
cident, misfortune and carelessness, 
which have no rule or law to govern 
except the law of averages. This 
law of averages will only help when 
the territory served is increased and 
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One of the best solutions of the variable - 
volume problem in conducting a repair 
shop, is to take up the rebuilding of used 


electrical apparatus. By doing so, an or- 


ganization can be maintained to give peak 
repair service at all times, and when the 
repair work drops off, the same shop crew 
can be used for overhauling and rewinding 
used machines. 


hence points to one way of carrying 
on an exclusive motor-repair busi- 
ness: namely, to go after it in a big 
way and cover a large territory geo- 
graphically. 

Prompt and efficient service is 
the foundation of a successful re- 
pair shop and with a widely fluctuat- 
ing volume of business such service 
cannot be maintained without a 
working force and equipment based 
on practically the peak load. 

At first thought it would seem 
that an ideal combination would be 
to operate the motor-repair shop in 
connection with the regular electric 
contracting business. A careful 
analysis of such a combination shows 
it to be a poor one at its best. Such 
combinations, indeed, are responsible 


for the many statements that 
the motor-repair business is not 
profitable. 


In the first place the men required 
for the two classes of work need: 
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entirely different training. Your 
shop mechanic usually makes a poor 
wireman and the average journey- 
man is lost on the simplest rewind- 
ing job. 

In the office, likewise, the training 
required is different. The repair- 
shop office man must be trained 
along more strictly engineering lines 
and be well up on electrical and 
machine design as well as on shop 
production methods. In addition the 
equipment and materials used are 
distinctly different. 

Some may dispute the above claim 
and point to successful firms carry- 
ing on both lines of work, but it will 
usually be found that such firms are 
either operating with distinct and 
separate departments, each complete 
in itself, or one department is suffer- 
ing at the hands of the other. 

One of the best solutions of this 
variable-volume problem is to take 
up the rebuilding of used electrical 
apparatus. 

In this way an organization can 
be maintained to give peak repair 
service at all times and when the 
repair work drops off this same shop 
crew and equipment can be used for 


overhauling and rewinding used ma- 


chines. Likewise in the office the 
switch can be made smoothly and 
efficiently. There is engineering 
work in remodeling or changing the 
design of old machines; there are 
stock lists and advertising to be 
looked after and the selling and 
rental of this equipment is highly 
profitable. 

Of course other lines can be 
added, such as new motors and con- 
trol apparatus, with allied supplies, 
such as pulleys, fuses, belting, shaft- 
ing, etc., but so far as the shop 
proper is concerned there is nothing 
like the rebuilding of used machines 
to act as a sort of storage battery to 
consume the surplus productive 
power of the repair department. 

In some cases where plenty of 
capital is available the rebuilt ma- 
chines may become the dominating 
feature of the business, but at any 
rate the two go hand in hand and 
make the ideal combination. 

On this basis let us briefly con- 
sider some of the more important 
points of general business principles 
as they apply to a motor-repair shop 
as outlined in the Electragists’ 
pamphlet by Lawrence W. Davis. 

One of the most important of 
these is accounting. To run a 
motor-repair shop without an ade- 
quate accounting system is simply 
courting disaster. Above all things 
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use an accounting system after it 
is installed. There is nothing like 
making monthly and yearly com- 
parisons of sales and gross and net 
profits as well as departmental com- 
parisons. It shows the leaks and 


indicates where and when to put on 
special effort. 

Many interesting and sometimes 
startling facts can be discovered by 
comparing various monthly or yearly 


IN EMPHASIZING the importance 
of accounting in motor-repair shops, 
Mr. Svendson makes the following 
statements: 

“To run a motor. repair 
without an adequate accounting 
system is simply courting disaster. 
Above all things use an accounting 
system after it is installed. There 
is nothing like making monthly 
and yearly comparisons of sales, and 
gross and net profits as well as de- 
partmental comparisons. It shows 
the leaks and indicates where and 
when to put on special effort. 

Many interesting and sometimes 
startling facts can be discovered by 
comparing various monthly or 
yearly totals. For example: Shop 
overhead compared to total pro- 
ductive man-hours; general office 
overhead compared to number of 
sales tickets put through; store- 
room expense compared to number 
of items handled.” 


shop 


For example: Shop overhead 
compared to total productive man- 
hours; general office overhead com- 
pared to number of sale tickets put 


totals. 


through; store-room expense com- 
pared to number of items handled, 
etc. Many Electragists put in a 
system and forget it except to get 
a final profit-and-loss statement at 
the end of the year, whereas such a 
system contains a mint of informa- 
tion that if properly analyzed and 
used will make for more business 
and better profits. 

In the motor-repair business prac- 
tically all the work is done on a 
time and material basis; so it is 
absolutely essential that overhead be 
properly charged to each job A 
good accounting system is the first 
step to secure this result. 

One important point often over- 
looked by repair shop men is the 
proper basis of figuring allowances 
on old apparatus when taken in 
trade for new or rebuilt machines. 

If an accurate account is to be 
kept of the profit on rebuilt ma- 
chines it is essential that some sys- 
tem be installed to keep tab on the 
value of such stock. 

One of the best schemes is to use 
an individual stock. card for each 
machine, giving its complete tech- 
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nical description and its “trade-in” 
or “cash purchase” value. In addi- 
tion, the cost of rebuilding should 
be shown. In this way an exact 
inventory record is always available 
and the cost value of the rebuilt 
apparatus can be accurately deter- 
mined. 

Without such a system the year’s 
profit-and-loss statement will mean 
nothing, as the pricing of the rebuilt 
machine stock will be subject to 
personal judgment and if priced 
above the actual cost will show a 
paper profit which has not been real- 
ized and on which taxes will have 
to be paid. On the other hand if 
priced below the actual cost, a paper 
loss will be shown that will be mis- 
leading and reflect in dispropor- 
tionate profits later. 

While there is a sort of market 
selling price on rebuilt apparatus 
there is no corresponding market 
cost, aS so many variables enter into 
the matter. Therefore, the only safe 
procedure to follow is to keep a 
record of the actual cost. 

Where used machines are rebuilt 
by a repair crew in odd hours be- 
tween jobs, it is advisable to carry 
the cost of rebuilding into the in- 
ventory without overhead added. 
Experience will usually show that 
rebuilding in this manner will cost 
appreciably more than where the 
work can be put through on a steady 
production basis. The total over- 
head can be charged to the repair 
work, which is proper, as without 
the rebuilding work the overhead 
would not only be as much but 
actually more by the amount of idle 
time between jobs. Of course where 
the rebuilding is the main issue and 
repairs are incidental the above 
would not apply and the overhead 
would have to be applied to rebuilt 
machine costs in some proportionate 
manner. 

Another important feature of the 
motor-repair shop is the mainte- 
nance of proper stocks of material 
and finished merchandise. 

The contractor-dealer can depend 
considerably on his jobber {or his 
material, but with the exception of 
some of the larger cities we find 
very few jobbers that carry any 
stock of material such as required 
by the repair shop. This means that 
the repair man must maintain his 
own stocks and as the service he 
renders depends vitally on this stock 
it is very important that it is kept 
up. One of the best methods of 
doing this is by the use of a per- 
petual card inventory. This sug- 
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gestion is sure to meet with opposi- 
tion, and rightly so, if the system 
put in is top-heavy and not adapted 
to the business. 

Now here is the secret of the 
success of a stock-card system for a 
small repair shop, especially where 
practically every job must be priced 
on account of time and material 
billing: First, put all material in a 
locked stock room with one boy or 
man in charge and responsible. Ma- 
terial should be issued only on requi- 
sition, using a small slip with a 
place to check deduction from stock 
and charging to job. The stock 
card should also be a price card so 
that in one operation the stock man 
deducts the quantity from stock and 
gets the cost price on the requisition 
slip. The slip next goes to the 
office to be filed in the job envelope 
or posted to the job ticket. The 
usual objection to the stock card is 
on the grounds of extra work and 
extra help, but if the old system is 
analyzed it will be seen that the 
same or more work is being per- 
formed and with less efficiency. In 
our old system the shopmen labori- 
ously recorded material that is now 
quickly and accurately done by the 
stockman. In the old way a clerk 
priced a mixed list in a slow and 
inefficient manner. Now the stock- 
man gets the price instantly from 
a ready card and at the same time 
with little extra effort strikes a new 
balance. Instead of a large number 
of stock clerks so to speak, each 
working a few minutes a day, we 
have only one who works efficiently. 
Where the stockman would not be 
kept busy all day with stock, he can 
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fill in by cutting insulation, making 
brushes or doing other odd jobs. In 
a real small shop of two or three 
men one can devote part of his time 
to stock records. With the new 
visible-type card racks, the work can 
be done quickly. 

One other bugbear of the per- 
petual card system is the matter of 
small items of material with low 
value, such as soldering paste, solder, 
paint, glue, etc., doled out in almost 
immeasurable quantities. These can 
be handled very easily on a budget 
basis. They are issued to the shop 
in standard quantities and so taken 
care of on the cards, being charged 
to “Budget Material.” The foreman 
then makes an estimate of budget 
material used on each job and 
charges it to the job in a lump sum 
—thus eliminating many entries that 
otherwise would bé needed. 

Such a card system is invaluable 
to the repair shop as it prevents 
running out of important items, 
keeps stock investment to a mini- 
mum, boosts turnover, makes it 
possible to buy more intelligently 
and forms an up-to-the-minute cost 
record of material used. 

Service is a word that has been 
very much abused in business, but 
if there ever was a business where 


If there ever was a business where 
service was spelled in capitals, it 
is the motor-repair business. 

The shop that maintains the men, 
equipment, and material stocks to 
take care of this work promptly and 
efficiently does not have to worr 
about price-cutting competition. This 


service consists not only in repairing 
motors quickly, but in making loans 
or renting spare equipment, as well 
as being able to supply new or sec- 
ond-hand equipment. 
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service was spelled in capitals and 
meant everything that has ever 
been connected with the word that 
business is the motor-repair busi- 
ness. When an important motor 
breaks down, its owner wants it 
back in operation with the least 
possible delay. Alibis“ about lack 
of men or material do not interest 
him. If the machine is important 
enough, he is willing to spend money 
for overtime work or for making up 
special parts that could be bought 
much cheaper from distant fac- 
tories; in fact, everything that will 
save time is acceptable without a 
great deal of regard to cost. The 
shop that maintains the men and 
equipment and material stocks to 
take care of this class of customer 
promptly and efficiently does not 
have to worry about price-cutting 
competition. A great reputation for 
real service is one of the best assets 
a repair shop can have. 

Such a shop may lose a customer 
through intensive solicitation or 
price-cutting on the part of its com- 
petitor, but the customer will soon be 
back if he does not get real service. 

This service must not only be top 
notch as to speed but also as to 
quality of material and workman- 
ship. The material should be only 
the best of its respective kind. It 
is poor economy to try and save a 
few pennies per yard or pound of 
material when such saving may 
cause a breakdown on a job where 
the labor and overhead involved is 
many times the total cost of material 
used. Likewise with labor, the high- 
grade workman is the best invest- 
ment in the long run. Cheap, 
inefficient workmen will waste mate- 
rial and make dissatisfied customers 
through defective workmanship. 

Since repair work is an expen- 
sive proposition at its best in com- 
parison with the original cost of 
apparatus, everything possible 
should be done to reduce costs. The 
liberal use of labor-saving machinery 
is one of the best means to offset 
the high labor charge and at the 
same time make better service pos- 
sible. Wherever possible the original 
factory methods should be dupli- 
cated. A trip each year to East 
Pittsburgh, Milwaukee, Schenectady 
or other motor-manufacturing cen- 
ters is very important and will help 
you do better work. 

To sum it all up, good service in 
a motor-repair shop requires an 
efficient combination of high-grade 
men, materials, equipment and rec- 
ord forms. 
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HE first of every new 

year presents an op- 
portunity for cleaning the 
slate of old-year deficien- 
cies and failures and the 
making of new resolutions. 
It is good that this is so, for by our experiences, good 
or bad, do we profit when serious consideration is given 
to those things that tend toward personal advancement 
or larger business accomplishments. 

Whatever may have been your lot in 1924, for the 
new year make your plans comprehensive in scope and 
definite in detail—aim your hopes high, and load your- 
self to the capacity of your ability. Remember that 
plans narrow in scope and small in possibilities stir up 
little enthusiasm, while an aspiration for big things 
that you believe possible, places you in the group of for- 
ward thinkers and doers. The world expects more of 
you year by year and you are better fitted after each 
twelve-month period to do the things you might not 
have aspired to during the years that have passed. 

Edgar A. Guest furnishes a lot of inspiration in the 
following lines: 

Success! It’s found in the soul of you 
And not in the realm of luck. 

The world will furnish the work to do 
And you must furnish the pluck. 

You can do whatever you think you can; 
It's all in the way you view it, 

It’s all in the start you make, young man, 
You must feel that you’re going to do it. 


You Can Do 
Whatever You 


Think You Can 


nate 


ECENTLY the coil 
winder in a repair 

shop made an error which 
necessitated junking a 
large number of armature 
coils. He frankly ad- 
mitted that it was a careless mistake and expressed his 
regret over its occurrence. Nevertheless, the foreman 
promptly discharged him, although his previous record 
was good and he was known as a careful, conscientious 
workman. When he applied for a position at another 


Let Mistakes 
Teach Their 


Own Lesson 
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shop he told the whole story of his dismissal, and was 
hired at once. 

Whether the first foreman acted too hastily or was 
justified in the course he took, may be open to argument. 


However, the man who hired this winder, knowing all 


of the facts in the case, explained why he did so as 
follows: This man has had considerable experience 
and is a good winder, but he is a better man now than 
he was before because he has learned his lesson. Un- 
less I am badly mistaken he is going to be much more 
careful from now on; he is going to be sure that he is 
right—and that is the kind of a man I like to have.” 

Leaving out of consideration the habitually care- 
less workman, who is expensive at any price, the ques- 


tion of what to do with the man who makes one or two 


bad mistakes is not easy to answer. The natural im- 
pulse is to discharge him, which is, of course, an easy 
matter; to get a better man in his place may not be so 
easy. Moreover, there is no assurance that the new man 
will not make mistakes which are just as bad or worse, 
unless he has sometime been discharged or otherwise 
disciplined for an error in judgment, or carelessness, 
and thereby learned his lesson. 

Although circumstances may clearly indicate the 
best course to pursue in a given case, it is probably 
safe to assume that when a conscientious workman 
makes a costly but unavoidable mistake he is just as 
sorry about it as anyone else is, and resolves that if 
carefulness will prevent it he is not going to make that 
mistake again. Such a frame of mind is worth a whole 
lot of discipline and is one of the best possible forms 
of insurance against careless slips of mind or hand. 


— — 


NE of the most com- 
mon causes of dis- 
agreements is ignorance of, 
or failure to appreciate, 
the other fellows view- 
point. If we do not under- 
stand what he is trying to do, or what his motives are, 
it is easy to infer that he is indifferent, unfair or that 
he uses poor judgment. In this connection the follow- 
ing letter received by the Editors of INDUSTRIAL ENGI- 
NEER is of unusual interest: 


I was pleased with Mr. Chester A. Williams’s very fine 
article on page 551 of the November issue, but feel obliged 
to take exception to his final paragraph, in which he seems 
to say that good men are hard to find. 

There are hundreds of splendid chaps everywhere, pos- 
sessing engineering or technical training—many of them, 
like myself, with considerable all ’round practical experi- 
ence—who are ambitious and very anxious to completely 
finish their trade practically and theoretically, even at some 
expense to themselves. These men are willing to go any- 
where for the chance of getting a decent show at a sub- 
stantial future. They are willing to give maximum hours 
and their best efforts at any wage during such necessary 
apprenticeship, but are often unable to secure openings in 
worth-while plants that will give them this opportunity of 
definitely finishing their trade and quickly becoming in some 
form, a tangible, profitable asset to industry. 

We are not afraid of work, much less of dirtying our 
hands, but the fellow determined on getting his electrical 
trade first, before expecting the big money, is facing a long, 
hard, discouraging proposition due to the almost complete 
absence of any degree of co-operation in his welfare among 
me 8 industrial plants and contractors, especially in 
the East. 


Where Will Your 


Future Executives 


Come From? 


American industry has a plentiful supply of real good 
live material in its new recruits; men who are capable of 
development into any future responsibility—but they must 
receive some encouragement which, I am sure, would result 
in greatly minimizing any plant’s labor turnover. 


ee i l- S, — paren 
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In these statements there is much food for thought 
on the part of plant owners and executives. Granting 
that the interests of employers and workmen do not 
always exactly coincide, each wants something that only 
the other can give. The employer wants skilled service, 
a sense of craftsmanship and the kind of loyalty and 
faithfulness that can be depended upon to do the best 
possible job under any circumstances. The workman 
wants pay commensurate with his skill and the value of 
his services, a reasonably permanent job and a fair 
chance to win advancement in responsibility and re- 
wards. a 

If a workman feels, rightly or wrongly, that he is 
not getting these things, he will inevitably seek a new 
position. If an industrial plant gets the name of being 
unfair in one way or another to its employees, it will 
have difficulty in securing and holding the ambitious 
young fellows who will be in responsible positions ten 
or twenty years from now. 

Perhaps the statements in the above letter do not 
apply to you, but it will do no harm to check up your 
practices and policies in the light of this letter and see 
if your future master mechanic, chief electrician, or 
other executive now in the ranks but as yet unknown 
is being properly trained and encouraged to work for 
the position which you may some day be glad to offer 
him. i 
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N THE Buick body fac- 

tory at Flint, Michigan, 
one of the largest of its 
kind, the man responsible 
for getting production 
through the curtain, light 
and repair department is Foreman Clyde Wing. This 
statement may not mean much until you know that 
Mr. Wing is just twenty-one years old and one of the 
best-liked leaders in the Buick works. He started in 
factory work five years ago as an office boy and simply 
worked himself out of that job by not only being the 
busiest office boy around the plant but the most 
observing one. It was not long before he was trans- 
ferred to a division of the production department, 
where his remarkable ability to grasp details and 
effectively follow up the necessary routine on pro- 
duction procedure brought him a position, in the short 
period of five years, that has taken many others a 
life-time to acquire. 

We cite the case of Clyde Wing to illustrate the 
fact that in factory work today the call is for men 
who possess initiative, who are self-starters, in brief, 
and do not require supervision any more than the pres- 
ident of the corporation requires supervision. When 
men ambitious for more salary and promotion from 
routine work can show that they have the qualifications 
to see beyond the horizon of the average fellow worker 
and at the same time demonstrate this by actual re- 
sults on any job to which they may be assigned, then 
the promotion of these men will be just as quick and 
certain as that of Clyde Wing. 

Imagination of inherent ability is never a substi- 
tute for accomplishment. All the Clyde Wings have 
stood the test and won on their merits, not on their 
conversation about themselves. In these days of high- 
speed, specialized production, it’s not what you think 
but what you know about a thing that interests the 
boss—and that’s the peg on which good salaries hang. 


The Peg 
on Which 


Good Salaries Hang 
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N HIS article on oper- 

ating motor repair 
shops, which begins on 
page 27 of this issue, Mr. 
Svendson makes the follow- 
ing pertinent statements: 
“The material should be only the best of its respective 
kind. It is poor economy to try and save a few pennies 
per yard or pound of material when such saving may 
cause a breakdown on a job where the labor and 
overhead involved is many times the total cost of mate- 
rial used. Likewise with labor, the high-grade work- 
man is the best investment in the long run.” | 

Economy in buying labor and material and in 
managing a repair shop is a laudable virtue and worthy 
to be practiced so long as it results in an actual, not 
apparent, saving in money, time and effort. Neverthe- 
less, there is a point beyond which economy is not 
profitable. That is the point where quantity or quality 
of materials, labor and workmanship are cut below the 
minimum requirements for a good, serviceable job. 
That is the kind of economy that wastes a dollar in 
trying to save a few cents. A saving of a dollar or 
two on a gallon of varnish will make only a trifling 
difference in the cost per coil, while the difference in 
the quality of the varnish may make all of the difference 
between a job that stands up in service and one that 
does not. 

The same thing is true of insulating materials, 
labor and all of the elements that enter into any repair 
job. Cheap materials and cheap labor may be worth 
all you pay for them—but if you do not pay much for 
them, as compared with the corresponding prices for 
standard materials and high-grade workmen, you can 
not expect much out of them. 

If your personal reputation, or the reputation of 
your department, is worth anything to you, do not risk 
it for a few cents. 


Don’t Risk 


Your Reputation 
for a Few Cents 


— cece 


ERHAPS in no other 

industrial field has 
precedent been followed so 
blindly as in material 
handling. Man-power in 
the form of “common la- 
bor” has been relied upon to perform this service. Or- 
dinarily it has been considered as “cheap” because it 
has been placed as a lump in the general heading over- 
head.” However, those concerns which have made a 
detailed cost analysis of this work have found that 
this labor is expensive, 

In addition to this, immigration restrictions have 
reduced the number of men available for this work as 
those who come into this country can soon get better 
jobs. To some this may seem a calamity while to others 
it is merely a demand upon their genius for a method 
of doing this work mechanically. While many devices 
have already been invented and placed on the market to 
do the work of strong-arm labor, industry as a whole 
has been reluctant to forsake precedent and take ad- 
vantage of them. Those companies which have ap- 
plied this equipment have found that it not only results 
in the elimination of the troublesome problem of pro- 
viding this labor but at a considerable reduction in cost. 
This is the time to disregard precedent more than ever 
and adopt material handling methods shown to be prac- 
tical by those who are leaders. 


Following Precedent 


or Following 
the Leader 
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. Who Can Answer 
These? 


Locating Trouble in Power Circuits Run 
in Conduit—Can some reader tell me 
what is the usual method of testing for 
and locating short-circuits, grounds 
and so on in power circuits which are 
run in conduit, and from which branch 
circuits for motors and other equip- 
ment are taken off at intervals? I 
shall be very grateful for your sug- 

estions and advice. , 
ittsburgh, Pa. J. L. B. 


Throwing Large Squirrel-Cage Motors 
Across the Line—Will someone who 
has had experience with 5 ae large 
squirrel-cage motors (50 hp. and larger) 
by throwing them directly across the 
line, please report their results? Has 
such practice injured the motors in 
any way? Has it resulted in any 
damage to the machinery driven? Has 
it interfered with the supply of cur- 
rent to other motors in the same plant? 
Indianapolis, Ind. D. =. T: 


Testing D.C. Armatures With Voltmeter 
—(1) Will some reader please tell me 
where to place the lampbank leads on 
the commutator when testing direct- 
current armatures with a voltmeter? 
For example, in the case of a four-pole 
armature should I touch the leads to 
the commutator on the quarter or on 
the half? Where should the leads be 
placed on a six-pole armature; or an 
eight-pole armature? (2) When test- 
ing a four-pole armature I touched the 
lampbank leads to the commutator on 
the quarter and got a good reading on 
the meter until I came to the next 
quarter of the commutator. Then the 
deflection was in the opposite direc- 
tion. When I reversed the meter leads 
there was no reading on two bars of 
the quarter. Continuing ahead I gota 
good reading until the next quarter 
was reached. What did that indicate? 
New York, N. T. H. B. 


Making Tight Joint Around Prism Lights 
in Cement Sidewalk—wW£ill some reader 
of INDUSTRIAL ENGINEER please tell me 
how to make a durable, water-tight 
joint between the cement slab holding 
the square prism lights and the cement 
sidewalk, over our basement? The 
crack ali around these slabs is from 
34 in. to & in. wide and 1% in. deep to 
the flange that carries the weight of 
the slab. The temperature varies from 
about 15 deg. F. in winter to 125 deg. 
F. or more in summer. 

Dallas, Tex. F. A. 


How to Determine Amount of Plugging 
Resistance to Use—I would like to 
know the right way to figure the 
amount of resistance used for starting 
series motors that are plugged, such 
as on blooming-mill, roll-table motors, 
crane-trolley motors, or any motor that 
is subjected to plugging service. I 
would also like to know how to figure 
the resistance used in the secondary 
circuit of slip-ring motors driving fans. 
Mingo Junction, Ohio. E. E. S. 


you do a good 
question that you can 
answer from your ex- 
perience. 
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by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The a restriction is that 
low ohen he asks a 
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turn to the other fe 


Connecting Watt-hour Meter to Three- 
Wire Cireuit— Will some reader please 
give me a diagram and explanation of 
how to connect a watt-hour meter to 
an Edison three-wire circuit? Is a 
special type of meter required? Why? 
Bellaire, Ohio. J. R. B. 


Connecting Westinghouse Type C Watt- 
hour Meter to 3-Phase, 4-Wire Circuit 
—WIII some reader please tell me how 
to connect a Westinghouse, type C, 
switchboard, induction watt-hour meter 
to a three-phase, four-wire system 
having 2,300 volts between the neutral 
and each posse wire and 4,000 volts 
between phases? In the diagram, A 
and C are three-wire circuits supply- 
ing current at 4,000 volts, three phase, 
while B is a three-phase, four-wire 
circuit. One meter must measure the 
total power consumed. 

The current transformers must be 
delta connected and three 2,300-volt 
voltage transformers must be used, as 
there are no 4,000-volt transformers 
on hand. I should also like to know 
whether it makes any difference if two 
or three current transformers are used 
on feeders A and C. 


Guayama, Porto Rico. R. S. 
Neutral- 
To load Line 
x K 2 


Standardizing Weight of Belting—I un- 
derstand that some plants have stand- 
ardized the weight of belting which 
they use; that is all belts are single-, 
double-, or triple-ply, the width of the 
individual belts being properly propor- 
tioned to the power that is to be trans- 
mitted. I should judge that this plan 
would simplify stock-keeping and re- 
duce the amount of belting necessary 
to be carried on hand. However. I 
should like to know if any of the read- 
ers of INDUSTRIAL ENGINEER have done 
anything of this sort and what the ad- 
vantages of such a procedure are. 
Chicago, III. H. D. B. 


Winding Data for Peerless Fan Motor— 
I have a single-phase, 60-cycle, 110- 
volt fan motor, manufactured by the 
Peerless Electric Co., Warren, Ohio. It 
has twenty-four slots, solid rotor, no 
starting switch and appears to have a 
three-phase winding. I shall appre- 
cite it if some reader can give me a 
diagram of the connections, as well as 
information on the choke coil in the 
base of the fan. The motor has evi- 
dently been rewound; sixteen coils 
have sixty turns of No. 25 wire and the 
remaining eight coils have seventy 
turns of No. 25 s.c.e. wire. The coil 
pitch is l-and-6. The choke coil has 
also been rebuilt, but the motor does 
not run fast enough to disturb the air 
and also has a ground in it. I believe 
the motor was not rewound correctly 
as to size of wire and number of turns. 
Mishawaka, Ind. L. C. 


Vol. 83, No.1 


Answers Received 
To Questions Asked 


Lining Up Sprockets for Chain Drives 
Can some reader tell me the best and 
simplest method of lining up sprockets, 
or shafts, for chain drives? We fre- 
quently change machines around and 
install new drives or replace old ones, 
and I should like to be sure that we 
are lining these up properly. 

Decatur, III. J. L. B. 


With reference to J. L. B.’s question 
in the November issue, I presume that 
he has reference to chain belts of the 
type manufactured by the Link-Belt 
Company, the Morse Chain Co. and the 
American High Speed Chain Co. I 
have handled such drives for the past 
six years and use the following meth- 
ods, which have always proven entirely 
satisfactory: 

Referring to the sketch, take two 
pieces of %-in. galvanized pipe of the 
proper length to suit the requirements, 
which depend entirely upon the centers 
of the shafts. About 42 in. to 48 in. 
is the maximum that I have had to deal 
with, with a 2%-to-1 or 3-to-1 ratio. 
Drill two holes through the end of one 
pipe, the first hole being about % in. 
from the end; the other hole should 
be about 1 in. further back. I use a 
No. 21 drill. Tap out the holes for 
10/24 or 10/82 machine screws. Drill 
both ends of the first piece of pipe in 
this manner: 

The second piece of pipe requires no 
holes, but a round piece of iron stock 
should be driven tightly in one end for 
fitting into the second section. Drill 
a small hole through the pipe and rod 
and put in a small iron rivet, peening 
it over on the under side. 

Round out the opposite end of this 
piece sufficiently to fit over the sprocket 
tooth. Then fit a Starrett inside microm- 
eter into the other end of the first 
piece of pipe. At (A) in the sketch 
is shown a complete assembly of the 
gage ready for use. This is really an 
adjustable pin gage. 

Place the two sprockets face to face 
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Method of aligning chain drive : 
sprockets, A, by means of impro- 
n pin gage and, B, by a wooden 
stick. 
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in approximately the position in which 
they are to run; then center them by 
squaring the sides with a steel straight- 
edge or its equivalent. Gage in be- 
tween the teeth, as shown in the sketch, 
until the outside edges of the two 
teeth selected are within 0.003 in. of 
being parallel. If the centers are then 
correct, the sprockets are lined up 
about as closely as it is possible to 
get them for all practical purposes. 
Sprockets should be carefully examined 
before placing on the shaft to detect 
blowholes and eliminate any high spots 
that might exist. When machining, 
blowholes in the inside of the shaft 
hole cause the tool to jump and the 
result is high spots. If this condition is 
not remedied a “wobble” will result. 

In case an inside micrometer cannot 
be obtained, a piece of yellow pine 1 
in. square can be used. Cut the timber 
to the proper length, notch it on one 
end and drive a small nail into the oth- 
er, filing off the head to a round point. 
Adjustment can be made by driving in 
or withdrawing the nail with a pair of 
pliers. If this outfit is carefully used 
the results obtained will be about as 
good as with the micrometer. 

A chain belt should never be too 
loose; the sag in operation should 
never be over 1 in. or 1% in. on the 
slack side; otherwise in case of a re- 
versible drive or dynamic braking a 
slap will result. 

For roller sprockets a good straight- 
edge or fine chalk line applied to the 
sides of the sprockets to bring them 
center to center and in alignment, 
should be sufficient. I have used the 
above tools for a good many years 
and have yet to hear a complaint about 
a drive so lined up. The tools em- 
ployed can be obtained in any good in- 
dustrial plant machine shop. Any me- 
chanic can make for himself the two 
pieces of pipe used for an extension, 
and when once made they are always 
ready for use. The joint in the pipes 
is for dismantling so that they can be 

laced in the tool case; otherwise a 
joint is not necessary unless the shaft 
centers are rather short. 


General Engineer, P. S. PENDER. 
Metropolitan Engineering Co., 
Granite City, III. 
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How Does Change in Speed of Motor 
Affect H erf—I shall appreciate 


it if some reader of INDUSTRIAL ENGINEER 
can answer the following question: 
We have a 3-hp., 3,600-r.p.m. motor 
which we are changing to operate at 
1,800 r.p.m. I should like to know 
what the approximate horsepower of 
the motor will be after this change, if 
we use the same number of turns of 
the same size wire in the stator. 
Enid, Okla. C. E. S. 
In answer to the question by C. E. 
S., in a recent issue, the horsepower 
will be approximately half of what it 
was originally. Likewise, the applied 
voltage must be reduced to approxi- 
mately half of its original value, be- 
cause a change in speed, which varies 
inversely as the number of poles must 
be accompanied by a change in voltage. 
I€ must be remembered, also, that a 
change in the pitch factor must be ac- 
companied by a change in the applied 
voltage if the operating characteristics 
of the motor are to remain normal. 
The new pitch factor should not be 
smaller than 0.5 nor greater than 1.5. 
There are practical limits beyond which 
this form of reconnection cannot prop- 
erly be carried. The connection which 
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you suggest would not normally oper- 
ate at the same voltage nor would the 
horsepower developed be the same. If 
the speed of a motor is reduced one-half 
by a change in the number of poles, in 
order to operate it at the proper volt- 
age, special taps from the transformer 
would be required. Otherwise, some 
other changes would have to be made 
in the motor winding at the same time 
that the number of poles were changed. 
If C. E. S. will tell me how many coils 
are in this motor and the original con- 
nection, I will be glad to tell him how 
to group the coils for the new speed. 
Ass’t Superintendent, H. J. ACHEE. 


City Water and Light Dep't., 
Woodward, Okla. 
x K XR * 

Operating 26-Cycle Transformers on a 
60-OCycle Circuit—We are operating a 
2,800-volt, sixty-cycle, three-phase 
system and in a short time will be 
called upon to furnish some additional 
lighting and power service. Our pres- 
ent transformers are not sufficiently 
large to handle this additional load 
and we do not wish to purchase new 
ones as the load will be on for only a 
few days. We can rent 2,800-volt, 
twenty-five-cycle transformers and I 
should like to know if these will work 
satisfactorily on the sixty-cycle cur- 
rent. 1 the secondary voltage be 
the same as on twenty-five cycles? If 
not how much will it be below normal? 
Carthage, Mo. A. P. K 
In the November issue, A. P. K. asks 

if 25- cycle, 2,300-volt transformers can 

be expected to operate satisfactorily 
on a 60-cycle circuit. The main differ- 
ence between 25-cycle and 60-cycle 
transformers is in the iron laminations. 

Because the reversals are slower with 

25-cycle current than with 60-cycle, the 

iron has more chance to get saturated. 

Therefore, 25-cycle transformers are 

designed with thicker iron laminations 

and more iron, in order to take care of 
the increased heating. Using 25-cycle 
transformers on 60 cycles only means 
that the iron will heat much less be- 
cause the higher current frequency 
does not have time to build up the 
magnetism. The core loss will, there- 
fore, be less than if the transformers 
were operated on their normal fre- 

uency. The copper loss should remain 
the same. The regulation at unity 
power factor should be the same. The 
secondary voltage should be the same 
as though the transformers were oper- 
ated on their normal frequency. 

-Using these 25-cycle transformers, as 
suggested, should be satisfactory as an 
emergency measure, but it would not 
pay to buy 25-cycle transformers when 
60-cycle units can be obtained, because 
of the much higher price of the 25-cvcle 
equipment. R. F. EMERSON. 


Industrial Engineering Dept., 
General Electric Co., 
Schenectady. N. T. 
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Referring to A. P. K’s. question in 
the November issue, a standard trans- 
former designed for a definite fre- 
quency may be operated at frequencies 
which are considerably higher or lower 
than normal. If the transformer is 
designed so that at normal frequency 
and full load the copper and iron losses 
are equal and the efficiency maximum, 
at lower frequencies the iron loss will 
be larger than the copper loss and at 
higher frequencies the copper loss will 
be the greater. 

A transformer designed for a given 
output and frequency can be operated 
at the same output on a higher fre- 
quency with somewhat reduced heating, 
but if operated on a lower frequency 
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it will run somewhat hotter and the 
efficiency will be slightly lower. Mod- 
ern transformers, however, usually 
have sufficient capacity to be operated 
on half-frequeney without injury. When 
operating a 25-cycle transformer on a 
60-cycle circuit, a power transformer 
would give better results than a light- 
ing transformer, because the core loss 
and the copper loss are about equal in 
the former, whereas in the lighting 
transformer the copper loss will be 
greater than the core loss. The sec- 
ondary voltage will be the same as when 
the transformer is operated on 25 
cycles. o 
Thompsontown, Pa. C. D. SHAFFER. 
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Replying to the question by A. P. K. 
in the November issue, transformers 
designed for operation on a 25-cycle 
circuit will operate satisfactorily on a 
60-cycle circuit; they will, in fact, op- 
erate better at 60 cycles than at 25 
cycles. This is due to the fact that 
for the same kva. capacity a 25-cycle 
transformer must have a core of 
greater cross section. The reason may 
be understood by referring to the 
standard formula, E—4.44xf{xaxXTX 
10, where (E) is the voltage, (f) the 
frequency, (&) the total flux, and (T) 
the number of turns. 

This formula may be written, EK 
£f<XdxXT, where (K) 4.44 4 10-. : 

For a certain voltage the product 
of (f) and (&) must be constant, since 
the number of turns is fixed: there- 
fore, if (f) is changed from 25 to 60 
cycles (6) must become less or de- 
crease in proportion to the increase in 
frequency. This decrease in the flux 
will more than offset the increased 
losses, due to increase of frequency, in 
hysteresis and eddy currents. 

The secondary voltage will be the 
same as at 25 cycles. | 

As a general statement it should, 
however, be borne in mind that a 
transformer designed especially for 
operation on a 60-cycle circuit would 
overheat and probably burn out if op- 
erated on a 25-cycle circuit. 

C. OTTO VAN DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. Y. 
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Replying to the question by A. P. K. 
in the November issue, the following 
statements may be made: (1) The iron 
losses will decrease. (2) The reactance 
of the transformers will increase in 
the ratio 60/25. (3) The impedance 
will be increased. (4). If the load is 
carried at 100 per cent power factor the 
secondary voltage will be the same, or 
normal, regardless of whether the cur- 
rent supply is 60 cycles or 25 cycle. 
However, this is rarely the case and as 
the power factor drops the voltage drop 
will be much above normal; that is to 
say, it will be greater than it would be 
under the same conditions of load and 
power factor at 25 cycles. The voltage 
drop will depend on the design of the 
transformer and in the absence of the 
design data it is not possible to say 
what the resultant secondary voltage 
will be. (5) If the 25-cycle transform- 
ers must be operated in parallel with 
60-cycle transformers their capacity 
will be decreased because the imped- 
ance is increased. When several trans- 
formers working in parallel all have the 
same impedance the load will be dis- 
tributed among the different trans- 
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formers in proportion to their capaci- 
ties. However, if the impedances are 
not the same the transformer having 
the higher impedance will take the 


smaller load. 
Liege, Belgium. P. Van HERK. 
e © 0 Ọ 


With reference to A. P. K.’s question 
in the November issue, it will be satis- 
factory to operate 25-cycle transform- 
ers on a 60-cycle circuit. The secon- 

voltage will be the same as on 25 
cycles. 

The iron loss will be about one-half 
of the value it would have on 25 cycles, 
while the copper loss will be approxi- 
mately the same. This means that the 
transformers will have a greater ca- 
pacity on 60 cycles than on 25 cycles, 
the amount copending upon the ratio 
of iron loss to copper loss in these par- 
ticular transformers. However, in- 
creased loading is probably not im- 
portant in this case. 

East Cleveland, Ohio. L. T. JOHNSON. 
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Replying to the question by A. P. K. 
in the November issue, 25-cycle trans- 
formers can be used on a 60-cycle cir- 
cuit under certain conditions. For ex- 
ample, they will carry about one-half 
their rated load very well, but they will 
run warmer than normal and both iron 
and copper losses will be greater than 
would be the case if the transformers 
were designed for 60-cycle operation. 
The increased iron losses would be 
caused by an increase in eddy 
currents as the laminations of 25-cycle 
transformers are usually thicker than 
those in 60-cycle transformers. Eddy 
currents are proportional to the thick- 
ness of the lamination and to the fre- 
quency. 

The copper losses will be greater for 
a given current than in 60-cycle trans- 
formers as there is more wire in 25- 
cycle transformers, and the latter will 
thus operate at a lower efficiency at 60 
cycles. The secondary voltage will, un- 
der light load conditions, be normal, 
while the regulation will be less close, 
depending on the load. 

Muncie, Ind. GEORGE CROPPER. 
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How Should This Machine Be Placed f— 
It is common practice to place a pul- 
ley at right angles to a lineshaft 
which, of course, means that the belt 
has no twist in it. However, we have 
a 125-ton press and would like to place 
it in such a position that the pulley on 
this press will be 45 deg. from the line- 
shaft. I should like to know, (1) if 
this is an unusual way of running a 
belt, and (2) how should the machine 
be placed with the pulley in this posi- 
tion, so that the belt will not be con- 
tinually slipping off. 


Philadelphia, Pa. A. T. 8. 


In answer to A. T. S.’s question in 
a recent issue, almost any machine 
can be placed at an angle of 90 deg. or 
less away from the power lineshaft, 
providing that the belt is properly lined 
up to both pulleys. In the first place, 
note the direction of the power pulley 
(P), in the illustration (A), then drop 
a plumb line off its periphery toward 
which the belt is traveling. 

. The machine pulley (M) must then, 
if turned at 90 deg., have its periphery 
just touch the plumb line. It will be 
noted that as the belt is traveling from 
the machine pulley (M) up toward the 


Method of lining up lineshaft and 
machine pulleys when shafts are at 
right angles. | 


power pulley (P) it approaches the 
latter along a perfect center line, 
which is correct. . 

Now, the slack side of the belt, going 
downward from the power pulley and 
approaching the machine pulley, must 
travel along a line at right angles to 
the shaft of the machine pulley, see 
illustration (B), 20 as to ride upon the 
latter on the face center. 

This adjustment raay be rather dif- 
ficult if the machine eannot be shifted 
into line, but easy if it can be. How- 
ever, a plumb line or straight edge ex- 
tended upward from the face center of 
the machine pulley, should just touch 
the periphery of the power pulley, as 
in (B). 

If the direction of the lineshaft is 
reversed from this diagram, the pulleys 
must be lined up in other positions, as 
that side of the belt approaching each 
pulley must be on its center line, and 
not approach it from an angle. How- 
ever, the belt can leave each pulley at 
an angle, with no bad effects. 

If pulleys and belt are properly lined 
up to a machine at any angle up to 90 
deg. from the power shaft, no guides 
will be required to keep the belt on 
the center of the crowns, for it will ride 
there perfectly. If it does not, the 
lining up was faulty. 

Any ratio of pulley diameters may 


be used. 
New Britain, Conn. H. S. Ricw. 
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Referring to the question by A. T. S., 
in a late issue, the condition which 
he describes is simply one variety of 
the quarter-turn belt drive, and while 
such a drive is not common, it could 
hardly be called unusual. The chief 
reason it is not more common is that 
the driven pulley, if its shaft is to be 
level, must be located below the line- 
shaft pulley as shown in the accom- 
panying diagram. 

If the press is run the other way, it 
must be shifted to the opposite side 
of the lineshaft. The only precaution 
essential to observe in a drive of this 
sort, is that the point at which the belt 
leaves one pulley of the drive must be 
in the plane of the other pulley of the 
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When the lineshaft and driven 
shaft are at an angle to each other, 
the point at which the belt leaves 
one pulley of the drive must be in 
the plane of the other pulley. 


drive. Thus calling the plane of the 
lineshaft pulley (AB), in the diagram, 
and the plane of the press pulley (CD), 
it will be seen that the point (X) where 
the belt leaves the lineshaft pulley is 
in the plane (CD) of the press pulley 
and that the point (Y) where the belt 
leaves the press pulley is the plane 
(AB), and that these points are directly 
over one another. 

Drives of this sort work better where 
belt centers are long compared with 
the diameters of the pulleys and with 
the pulleys well crowned, but that there 
is more or less latitude in setting can 
be seen from a case in one shop where 
I worked that had a row of drill presses 
located directly under the lineshaft and 
driven by quarter-turn, shifting belts. 
Plant Engineer H. D. FISHER. 
New Haven Pulp & Board Co., 

New Haven, Conn. 
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In reply to A. T. S., whose question 
appeared in a recent issue, on spe- 
cial drives or when turning corners it 
is not an uncommon thing to use a belt 
drive similar to the one which he de- 
scribed. This arrangement is more 
common with rope drives, however, and 
in that case is much easier to handle, 
because the rope does not resist twist- 
ing as much as belting does. This type 
of drive is used only in special cases 
and is more troublesome than the ordi- 
nary type; also it tends to shorten the 
life of the belt. I believe that A. T. S. 
will understand the principle from the 
diagram. The exact location of the 
idler or mule stand can be determined 
by experiment. If he is interested in 
the subject to any extent, I would refer 
him to Marks Mechanical Engineers’ 
Handbook which gives good “dope” on 
this subject. It is, as well, a good ref- 
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Relative location of lineshaft, 
driven machine and double idlers or 
mule stand for angular drive. 


erence book on all kinds of mechanical 
problems. 
Birmingham, Ala. GRADY H. EMERSON. 
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Why Do These Commutators Turn Black? 
—I am experiencing a great deal of 
trouble from blackening of the com- 
mutators on two G. E. belt-driven, 
type ML, compound-wound, 125-volt, 
950-r.p.m., 13 kw., d.c. generators 
which are used as exciters. After 
smoothing with sand paper, it is only 
a matter of a few hours until the 
commutators are in the same condi- 
tion again. I have tried turning the 
commutators in a lathe and undercut- 
ting the mica, polishing, sanding, us- 
ing Ideal commutator stone and tight- 
ening the commutator. Also, I have 
used four different grades of brushes 
and am now using Speer E-25 brushes. 
There is no sparking at all under 
varying loads. The setting of the 
brush holders was changed from lead- 
ing to trailing and I found that they 
worked best leading. I have tried the 
brushes at different angles and found 
that the best results were obtained 
when they were set at about 80 deg. 

We wipe off the commutators once 
each day with a dry piece of canvas. 
I have checked the brushes for the 
neutral position. The tension on the 
brushes is 1% 1b. per sq. in. The tem- 
perature seems normal except when 
the cémmutators get very black as 
they will do if they go about a week 
without sanding. These exciters are 
only two years old and have been in 
actual service about one year each. I 
have had this trouble from the start. 

I shall appreciate it very much if 
some reader of INDUSTRIAL ENGINEER 
can tell me what the trouble is and 
how I may cure it. 

Woodward, Okla. H. J. A. 


In answer to H. J. A., in a recent 
issue, it seems that you have tested for 
most of the usual sources of trouble 
without much success. Inas much as you 
are sure that the commutator is tight 
and remains tight when it warms up, 
I would advise you to see if the arma- 
ture is lap or wave connected. If it is 
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lap connected, I would consider putting 
in equalizers. For this purpose, divide 
the total number of commutator bars 
by the number of pairs of poles, plus 
one. Put in as many equalizers as 
there are pairs of poles and space them 
equally between the first equalizer, 
as any irregularity in the arma- 


ture, field or air gap will cause 
sparking in a lap wound arma- 
ture. I would also suggest that 


you make a bar to bar test with a milli- 
voltmeter and lamp bank and see if all 
the bars read alike. There might be 
a partial open somewhere. A partial 
open on any bar will cause it to read 
higher than the rest. It would also 
cause sparking and blackening of the 
commutator in certain places. 

Also check up the pole pieces to see 
if they are equally spaced. If they 
are not almost equally spaced com- 
mutation will, at times, take place 
when the coil is not in the neutral zone. 

I think it would also be well worth 
while to go over the connections of the 
brush rigging to see if they are all 
clean and tight, so that more current 
will not be carried on one brush stud 
than on another. 

Finally, make sure that there are no 
bulky splices or unnecessary bumps on 
the belt, as these will cause sparking. 

I hope that these suggestions will be 
of some help to H. J. A. 


NICHOLAS J. WEISS. 
West New York, N. J. 
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With reference to H. J. A.’s question 
in a late issue of INDUSTRIAL Ex- 
GINEER, the only possible cause that I 
can think of for this trouble is belt lac- 
ing or a similar source of vibration. 


General Manager, . C. KALB. 
Corliss Carbon Company, ME 
Bradford. Pa. 


k k k k 


In a recent issue H. J. A. mentions 
trouble from blackening of the commu- 
tators of two small generators. 

There are several possible causes of 
this trouble. One of the most common 
causes is an overheated commutator, 
which may be due to overload or to 
sparking which, in turn, may be occa- 
sioned by incorrect brush tension or a 
variety of causes. Sometimes it will 
be found that too much lubricant has 
been used on the commutator. 

An overheated commutator may not 
be very noticeable at first, but after 
running for some time the commutator 
may become heated sufficiently to de- 
compose the carbon brushes, covering 
the commutator with a black film which 
increases the resistance between the 
commutator and the brushes and thus 
increases the heating. If the brushes 
get very hot a brush of higher con- 
ductivity should be used, allowing a 
higher current density per square inch. 

I believe that H. J. A. has the brush 
tension set too low. This would cause 
sparking that might not at first be 
plainly visible to the eye, but enough to 
cause the brushes and commutator to 
become heated in time. The pressure 
should be from 1% to 2% Ib. per sq. in.; 
a safe average would be 2 Ib. per sq. in. 

As several grades of brushes have 
been tried without improving conditions 
it may be that a larger brush is neces- 
sary; a machine of this size should 
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carry 118 amp. at 110 volts and should 
have at least 4 sq. in. of brush surface. 
Carbon-graphite brushes give very 
good results as the graphite increases 
the conductivity and reduces friction. 
Sometimes the operating qualities of 
brushes may be improved by saturating 
them with some lubricating compound, 
although this is something that must 
be very carefully done and then only 
when the conditions plainly indicate it. 
New York, N. Y. DonaLp L. HOARE. 
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Answering H. J. A.’s inquiry in a 
recent issue, this blackening is gener- 
ally caused by disintegration of the 
brush material, due to some abnormal 
condition, usually excessive current 
density. It is a simple matter to cal- 
culate the nominal current density in a 
brush, but the figure thus obtained may 
bear very little relation to the actual 
density. The distribution of load be- 
tween spindles of a machine is not 
always uniform, nor is the distribution 
of load between the brushes on one 
spindle. Finally, the current density on 
one side of the brush may be very much 
higher than the current density on the 
other side. Thus the actual density may 
be many times the nominal, and the 
brush may be loaded up far beyond its 
capacity, until the bond near the con- 
tact surface is destroyed in consequence 
of the excessive temperature and disin- 
tegration commences. Sometimes glow- 
ing or cratering of the brush is ob- 
served under these conditions. Spark- 
ing is not necessarily much in evidence. 
The cure for this is to improve the 
running conditions as much as possible, 
and to mount a more refractory grade 
of brush, a slightly abrasive electro- 
graphitic quality usually being the most 
suitable. 

Experience shows that when crater- 
ing occurs on a brush it is better to 
substitute a more refractory type of 
brush that will stand up to the condi- 
tions than to substitute a hard carbon 
with a high contact drop, in the hope of 
bringing the load within the capacity of 
the brush by reducing the circulating 
current in this way. 

Projecting mica is a very fruitful 
cause of blackening. It lifts the 
brushes off the commutator, increasing 
the total FR loss and therefore the 
heating; it upsets the distribution of 
load, and thus causes excessive current 
density and local overheating. Finally, 
by acting as a milling cutter, it assists 
in the disintegration of the brush. Re- 
cessing the mica will often cure the 
blackening without any change of 
brushes, although it may be necessary 
to remove a considerable piece from the 
end of a brush if the material has 
already suffered from the ill treatment. 

When burning of the commutator 
surface occurs (which is usually accom- 
panied by visible sparking) this in 
itself tends to blacken the commutator. 
It also roughens the surface of the seg- 
ments, which then abrade the brushes 
and thus accentuate the blackening. 
Again the cure generally is to 
use a slightly abrasive electro-graphitic 
brush, after improving the running 
conditions as much as possible and 
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especially putting the commutator into 
thoroughly good condition before 
mounting the new grade. 

Blackening of the commutator sur- 
face not infrequently occurs on ma- 
chines driven by gas engines, due to 
the corrosive action of the gases. If 
the commutator is thoroughly scoured, 
electro-graphitic brushes as described 
will usually prevent a recurrence of the 
trouble. 

An excessive amount of dust in the 
atmosphere, such as coal, cement, or 
flour dust, is very likely to cause black- 
ening by preventing intimate contact 
between brushes and segments, thus 
producing high local current densities 
and sometimes sparking which, of 
course, in itself tends to burn the brush 
and destroy its bond. 

Oil vapor has sometimes been found 
to create a similar condition. Highly- 
lubricating, natural graphite brushes 
have proved very successful in cases 
where dust has been responsible, evi- 
dently by maintaining intimate contact 
and preventing the dust from working 
underneath the brush. For conditions 
where an oily vapor is present a 
slightly abrasive electro-graphitic brush 


has been found to effect a cure. 


Morganite Brush Co., H. C. MILLs. 
New York, N. Y. £ ü 
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H. J. A. asks a difficult question in 
a recent issue of INDUSTRIAL ENGI- 
NEER. The answer may be poor de- 
sign. In my experience the only excep- 
tion to this has been inequality of air 
gap. 

In one particular case we had a mo- 
tor that blackened under the negative 
brushes. The air gap was smaller on 
the bottom than on the top. We in- 
serted shims under the top pole pieces, 
making the air gap equal all around 
the machine and the trouble disap- 
peared. 

If this remedy does not have any 
effect the only thing left is to slot the 
commutator (undercut the mica). This 
will improve matters somewhat, but if 
the commutator still continues to 
blacken the manufacturer should be 
notified and requested to make the ma- 
chine operate as it should, without 
blackening. 


Boston, Mass. EDWARD A. GIRBS. 
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Advantages of Star- and Delta-Connected 
Motor Windings—I wish someone would 
kindly give me some information on 
the following questions. Why are some 
three-phase motors star-connected, and 
some delta-connected? What are the 
advantages of a star-connected motor 
over one that is delta-connected? I 
shall appreciate it very much if some- 
one will explain this to me. 

Toledo, Ohio. F. H. 


In answer to F. H.’s question in the 
September issue, most manufacturers 
prefer a star to a delta connection for 
the reason that the delta connection 
requires 1.73 times as many turns for 
the same operating voltage, and these 
turns are of a smaller-size wire. There 
are several objections to the use of a 
large number of turns per coil. For 
example, more space is occupied in the 
slots for insulation, leaving less space 
for the copper. The coils are much less 
rigid, from a mechanical standpoint, 
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and require more binding and bracing 
at the ends. Smaller-size magnet wire 
also costs more money per pound and 
the same number of pounds will be re- 
quired in either connection. Further, 
it takes longer to make up a coil with 
a larger number of turns than to make 
one of larger wire and fewer turns. 
While it is not the best practice to use 
four-parallel star windings where two- 
parallel delta would serve the purpose, 
probably for the single-circuit winding 
the star connection is the better choice. 
Donnacona, P. Q., Can. LEE F. DANN. 
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In answer to F. H.'s question in the 
September issue, a large number of 
motors are built for stock and the 
windings used are such that by chang- 
ing Y and delta connections and the 
series and parallel arrangements, it is 
possible to secure windings which will 
be suitable for a number of standard 
voltages. 

The Y connection is more widely used 
in motors since the neutral point may 
be grounded. Also the slot factor is 
higher for a Y connection than for a 
delta connection. This means that for 
a Y connection only 58 per cent of the 
insulation required for a delta connec- 
tion is used, or the ratio of copper to 
slot insulation is less. 

CHAS. F. CAMERON. 
Rock Springs, Wyo. 
EX * XR * 


In reply to F. H. in the September 
issue, I would say that so far as the 
operation of the motor is concerned one 
form of connection has no advantages 
over the other. Even in the original 
design of the motor it is often simply 
a matter of the designer’s choice, al- 
though the star connection is probably 
the more generally used, whenever 
possible. 

A given winding connected in star is 
good for 73 per cent higher voltage 
than the same winding connected in 
delta. In other words, a delta-connected 
motor must have 1.73 times as many 
turns per coil as a star-connected motor 
for the same voltage. This is because 
the star connection gives 1.73 times as 
many “effective” turns in series across 
each phase. This is roughly evident 
from studying the ordinary symbols for 
star and delta connections. 

The usefulness of the two forms of 
connection lies with the designer. They 
give him more combinations which he 
may “juggle” to meet various condi- 
tions. For instance, in a large, low- 
voltage motor it might work out in the 
design that for a star connection there 
would be 2.31 turns per coil. It is im- 
possible to make a coil with a frac- 
tional number of turns, but for a 
delta-connected winding for the same 
motor the number of turns would be 
2.31X1.73=3.996, or very nearly four 
turns per coil; so the designer would 
use four turns per coil and a delta con- 
nection. This is, of course, merely an 
example, but it gives the idea. 

-A full discussion of this subject could 
not be given here and I would refer 
F. H. to A. M. Dudley’s book, ‘‘Connect- 
ing Induction Motors,” particularly the 
chapter on reconnecting old motors for 
new conditions. This book can be ob- 
tained from the McGraw-Hill Book Co., 
and is worth many times its cost. 
Walkerville, Ont., Can. R. B. TURNER. 
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Priming Coat for Plaster and Brickwork 
—Will some reader of INDUSTRIAL EN- 
GINEER please tell me what kind of siz- 
ing or priming coat should be applied 
when brickwork and plaster walls are 
being painted for the first time? We 
wish to paint the walls and ceilings of 
both office and shop and I understand 
that some preliminary treatment is 
necessary before the finishing coats of 
paint are applied. 

Cleveland, Ohio. L. McC. 

Replying to L. McC. in the October 
issue, when painting brick and plaster 
walls for the first time it is customary 
to apply a priming coat, which may 
consist simply of glue and water, in 
about the proportion of % Ib. of glue 
to 10 qts. of water. The glue should 
be dissolved in the water while hot, and 
allowed to cool before using. 

A better and more easily applied 
priming coat consists of, 1 gal. linseed 
oil, 2 qt. cheap varnish, 1 qt. turpen- 
tine, 1⁄4 pt. drier. l i 

To this is added sufficient white lead 
to give it a little color, so that in ap- 
plying one can easily tell how much 
surface has been covered. 

If the final finish is to be gloss, at 
least two coats of flat will be necessary 
before applying the gloss. 

Guilford, Me. DoNALD MAXFIELD. 
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In reply to the query of L. McC. in 
the October issue, I would suggest the 
following treatment: First, remove all 
grease and oil from the brick and plas- 
ter by using benzine. If the plaster is 
new or damp, the surface should be 
well brushed with a solution of zine sul- 
phate (3 Ib. to a gallon of water). Use 
an ordinary bristle brush and allow to 
dry 48 to 72 hr. Any good reliable 
make of undercoat should now be used, 
and it is well to add to the first coat 
an elastic primer in the proportion of 
1 qt. of primer to 1 gal. of undercoat. 
For high-class work a second coat of 
undercoat (not reduced) should be ap- 
plied, and finally the finish coat of flat, 
egg-shell or gloss, as may be desired. 

For the brick walls it may not be 
necessary to use the zinc sulphate 
wash, although if the walls are newly 
laid or are damp it will be safer to do 
so. If the walls are well seasoned no 
sulphate will be required. The under- 
coat first coat reduced as for the plas- 
ter should be used. and the other coats 
as mentioned. All the various paint 
manufacturers put out brick and ce- 
ment paints or coatings that will give 
satisfaction. The two points that must 
be taken care of are these: First, tc 
neutralize the alkali in freshly laid brick 
or plaster, and, second, to fill up the 
pores in the material to prevent exces- 
sive absorption of the paint. The zine 
sulphate serves to neutralize the strong 
alkali present in all plaster and cement 
work, when fresh, due to the existence 
of lime in a hydrated condition. If an 
oil paint is used directly upon this ma- 
terial the hydrated lime will unite with 
the oil of the paint, forming a soap and 
destroving the oil. Consequently the 
paint does not endure. When a solu- 
tion of zine sulphate is brushed over 
the surface a chemical action takes 
place, with the formation of two new 
compounds. The pores of the brick or 
plaster become filled with these two 
substances which are both inert chem- 
ically, or at least they do not affect the 
paint. In addition, they reduce to some 
extent the porosity of the material. 
The remainder of the porosity is filled 
up by adding the primer to the first 
undercoat as directed. Forty-eight 
hours should elapse between all coats. 
Lawrence, Mass. A. J. CALHOUN. 
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Building Maintenance 
and Plant Safety 
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The object of this department is to give details of build- 8 
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work. Articles on ways of handling natural wear and tear | 8 
or other depreciation, repair methods, rebuilding, ex- . 
tensions, cleaning and painting operations will always 


be welcome. 


Substantial but Low-Cost Guard 
for Spoked Wheels 


UARDING of spoked wheels is 
coming in for attention because 
accident records show that flywheels, 
pulleys and gears need to be protected 


so that no one can thrust an arm or a 


leg through them inadvertently; herein 
lies the risk, and the accidents result- 
ing have usually been of the most 
distressing sort. There is no good ar- 
gument against guarding these wheels. 
Neatly guarded wheels look as well as 
open ones and also have the advantage, 
with disk guards, that the fan-like 
action is reduced. 

One substantial type of guard for 
spoked wheels particularly of large 
diameter was adopted in one plant for 
a number of balance wheels about 3 
ft. in diameter. How these were made 
and applied is shown in the accompany- 
ing sketch. Disks of a size to fit inside 
the rim were cut from wallboard of 
cheap grade. This material is about 
14 in. thick and is very tough. These 
disks were then fastened to the side of 
the wheels by using ordinary galvan- 
ized pipe or conduit straps or hangers. 
These straps or clamps were bent 
slightly to conform to the spoke shape 
and then were copper rivetted to the 
wallboard disk. 


Wall boards 


Spoke” 


Pipe clamp? 
m- 


Method of guarding spokes or 
arms of a small flywheel. 


A disk of wallboard is attached to 
the arms of the wheel by pipe straps 
and copper rivets. If preferred, 
disks may be attached to both sides. 
This not only gives added protection, 
but also reduces the fan action of 
the arms. 


A better, safer guard would be hard 
to conceive. It passes any inspection 
and is good for any speed. If desired, 
the disk could be applied to both faces 
and the straps dispensed with. 

DoNALD A. HAMPSON. 
Plant . 
fg. Co., 


Morgan and Wilcox 
Middletown, N. Y. 


Convenient 
Method of Filing Blueprints 


for Easy Reference 


HEN doing construction work it 

is often necessary to refer fre- 
quently to blueprints. However, these 
are hard to handle when rolled up and 
easily become torn. Under such cir- 
cumstances I have found that the rack 
which is shown in the illustration af- 
fords a very convenient means of filing 


The blueprints are mounted be- 
tween thin slats fitted with small 
hooks, A, and hung on wires 
stretched between two supports 
mounted on the wall, B. 


_-Reference tab 


_-Hooks over wire 
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the blueprints in such a manner that 
they are protected from injury and yet 
can be located and referred to without 
difficulty. 

The blueprints are nailed between 
two slats or thin strips of wood. Small 
hooks should be screwed into each end 
and in the middle of one of the slats. 
It is advisable to place a reference tab 
at the upper left hand of the blueprint 
to facilitate identification. The method 
of mounting the blueprints is shown in 
(A) of the illustration. 

The rack is constructed as shown in 
(B). Two braces or supports are 
mounted on the wall, or in any con- 
venient place. These supports should 
be spaced from four to six feet apart, 
depending on the size of the blueprints 
and a number of strong iron wires 
should be stretched tightly between 
them and fastened firmly. 

The blueprints are then hung on the 
wires by means of the small hooks. It 
is advisable to hang all of them at one 
end of the rack: when a blueprint is to 
be examined, it can be slid over to the 
opposite end of the rack, away from 
the others. 


Oakland, Calif. S. H. SAMUELS. 
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Some Troublesome Problems in 
an Industrial Works 


VERY engineer and mechanic of 
experience knows that trifling 
tniugs sometimes stand between suc- 
cess and failure. For example, recently 
there was brought to my attention a 
case of poor design, or perhaps more 
correctly speaking, lack of design. A 
bakery using a large reel oven, into 
which steam is injected for a certain 
effect on the product, experienced 
trouble getting results. A boiler had 
been installed to furnish steam for 
heating and process work, one of the 
processes being baking. The manage- 
ment had been assured that steam- 
heating pressure, of 15 lb., would be 
sufficient to supply steam to the ovens. 
Upon starting up the boiler pressure 
was entirely too low to supply the 
steam needs of the oven. Permission 
was obtained from the city boiler in- 
spection department to increase the 
pressure and this, of course, required a 
licensed fireman. Also, a costly press- 
ure-reducing valve was installed to 
protect the heating system. bout 
60 lb. pressure was found to be neces- 
sary to furnish satisfactory service. It 
is evident that no serious thought had 
been expended on the problem. A 
pressure of 15 lb. was not enough; that 
was quite clear. What could be more 
simple than increasing the pressure 
without looking into the cause of the 
trouble? 

An investigation disclosed that about 
fifteen boiler-horsepower or about 
8% lb. of steam per min. was required 
by the oven during the time that steam 
was used. The piping from boiler to 
oven was the equivalent of 80 ft. of 
1%-in. pipe, which served as a main 
and a header for the oven branches, 
which were made up of 20 ft. of 1-in., 
7 ft. of % in., and 13 ft. of % in. pip- 
ing. Just what dictated the pipe sizes 
was not apparent. The velocity of the 
necessary steam passing through the 
-in. piping would have to be 40,000 
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ft. a minute. The same men who con- 
nected the steam-heating radiators 
with 1%-in. pipe, connected the two 
side-inlets of the oven with -in. pipe 
and the oven takes many times the 
steam required by a radiator. When 
the piping from the boiler is changed 
to 2 in. (which will also serve as a 
header for two ovens), and the oven 
branches to 1 in., a heating-pressure 
of 15 lb. will be sufficient. 

A short time ago I was asked, “Why 
is it that so often the recommended 
auxiliary equipment proves entirely in- 
adequate for the service?” The equip- 
ment discussed (or cussed) was a 
bucket elevator serving a grinding mill. 
Upon learning the capacity of the mill 
and the size of the elevator, simple cal- 
culations showed that the elevator 
should be large enough for the job; in 
fact, it was larger than I would install 
for the service. My friend yelled, 
“There you go now! I tell you the ele- 
vator won't handle it! We clean choke- 
ups every hour!” 

An inspection showed that the 30-in. 
head-sprocket was going at 45 r.p.m. 
This was much too fast and so I had 
the elevator- head removed. This 
showed every up-coming bucket heap- 
ing full and, when passing over the top 
of the sprocket, it would heave its con- 
tents upward so that the grain would 
then fall down the leg or casing, with 
little more than a handful entering the 
discharge spout. Changing the drive 
pulley so as to get a speed of 32 r.p.m. 
for the head-shaft corrected the diffi- 
culty. Over- or under-speed is a com- 
mon cause of trouble with centrifugal- 
discharge elevators. 

Compressed air is often a helpful 
convenience and could be used more if 
it were but thought of in emergencies. 
We are all prone to think of mechanism 
when a material-handling, or machine 
driving problem arises. Reciprocating 
steam-pumps can be operated satisfac- 
torily, although not economically, with 
compressed-air. 

A rotary dryer was fitted with a 
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spout which, because of its steep pitch, 
was thought capable of readily chuting 
the material into the dryer. As the ma- 
terial was fine and moist it gave trou- 
ble from the start by choking the 
spout. A man provided with a pole was 
put to work prodding the material 
down the spout pending the installation 
of a screw-conveyor feeder. About this 
time my attention was called to the 
difficulty. Finding a compressed-air 
line close by, we carried a %-in. pipe 
into the feed spout. A cock with a 
counterweighted lever was rigged up 
so that a pin on the end of the dryer 
opened the cock and the intermittent 
air blast at each revolution of the 
dryer effectively cleared the spout. 

A bin at this plant gave considerable 
trouble by the choking of the discharge 
opening which made it necessary for a 
man to hammer the hopper with a 
sledge to start the material flowing. 
A %-in. air pipe was projected into 
the hopper, and with a valve within 
reach from the floor the “hang-ups” 
were brought down by a quick opening 
of the valve. It was found that by 
keeping the valve “cracked,” and per- 
mitting a small amount of air to flow 
into the material constantly, it was 
aerated and flowed freely. In using 
compressed-air for this last purpose it 
should be borne in mind that the air 
sometimes carries considerable water 
which, with some materials (cement, 
for instance) might cause damage. 

And so on, indefinitely. Looking 
back over years of experience, it seems 
that most of the troubles encountered 
have been like those described. The 
remedy is simple. One big reason why 
it is not applied earlier is that those 
associated with it too often look more 
at the trouble than at the possible 
cause and the common-place remedies 
which may be applied. 

Kansas City, Mo. C. O. SANDSTROM. 


— — — 


Making Heavy Refuse Contain- 
ers from Oil Drums 


LTHOUGH steel oil drums can 
usually be returned for eredit, it 
is sometimes of advantage to use 
them for making special tote barrels 
or refuse cans for heavy material. 
Their special advantage lies in that 
they are made of somewhat stronger 
and heavier metal than can ordinarily 
be obtained in purchased refuse con- 
tainers. For convenience they should 
be fitted with handles made of sections 
of wrought-iron pipe with the ends 
flattened out, bent and drilled as shown 
at the right in the sketch. These 
handles are riveted as shown. 

The top section of the barrel may 
be cut off at any point, but it is usually 
best to cut it below the bulge, as indi- 
cated in the drawing. If these con- 
tainers are to be used for very heavy 
material the barrel may be cut in two 
in the middle and made into two con- 
tainers of equal size and the handles 
attached lower down. 

Washington, D. C. G. A. LUERS. 


Extra heavy refuse containers or 
tote barrels may be made from oil 
drums by cutting off the ends and 
riveting on handles. 
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Electrical Service 
Around the Works 


Method of 
Grounding Circuits to Protect 
Maintenance Men 


N A paper on safe operating practice 
ith regard to electrical devices, 
presented at the Safety Congress re- 
cently held at Louisville, Ky., G. F. 
MacWilliams, electrical engineer of the 
Pennsylvania Coal & Coke Corporation, 
Cresson, Pa., spoke of the importance 
of grounding and short circuiting sup- 
posedly dead circuits before attempting 
work on these circuits. Mr. MacWil- 
liams had the following to say in con- 
nection with this subject: 
“Ground connections should be made 
to provide safety to equipment, dis- 
charge of abnormal potentials, and for 
providing a path for current leaks 
from equipment. Such means will re- 
duce the hazards accompanying the 
operation of electrical apparatus. Some- 
times it is not feasible to ground elec- 
trical apparatus and by doing so the 
hazards to the operator are increased 
rather than decreased. In any case, the 
grounding of equipment supports, etc., 
must be understood to be done for the 
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These clips are used for making 
ground connections to lines before 
maintenance work is started on the 
lines. 


The upper clip is made to hook over 
the groune bus and is connected by 
No. flexible cable to the lower clip 
which is hooked to the line wire or dis- 
connect switch. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions ere 
invited from readers. The items may refer to inspec 

tallations. 


tion, overhauling, testing or special ins 


protection of the operator from shock 
should these parts become charged 
without the operator’s knowledge. 

“Grounded frame parts will increase 
the danger of shock to the operator 
should he make contact between cur- 
rent-carrying parts and grounded 
frame parts. 

“If oil switches were designed so that 
it would be necessary to open the switch 
before a short circuit or ground could 
be applied, a great step toward protec- 
tion of operators would be accomp- 
lished. 

“In short circuiting and grounding 
compartment-type switches, the ground 
connection should be made first. If 
the doors on the compartment are 
hinged at the top, do not remove them 
but swing them forward sufficiently so 
that you can reach by them and apply 
the connection to the switch. By this 
procedure the door will act as a bar- 
rier in case the switch is charged when 
it was thought to be dead. 

„When men are working on lines, the 
conductor should be grounded and 
short circuited. The ground connec- 
tion should be made first, and the short- 
circuiting devices applied afterwards. 
This should be done whether the work 
is to be performed inside the plant or 
outside on the line. For this purpose 
flexible cable not smaller than No. 6 
should be used. For station work, one 
end of the cable should be fitted with a 
clip, as shown in the accompanying dia- 
gram which hooks over the ground 
bus and locks in place. On the other 
end of the cable a set of spring clips 
fitting the contacts on the line termi- 
nals and mounted on wood handles 
should be used. For grounding outside 
line wires a niece of %-in. pipe should 
be used not less than 5 ft. lone with a 
conrection head on one end and a point 
on the other. 

“A clip that is similar to the one 
shown in the lower part of the accom- 
panving diagram, made of copper and 
mounted on wood handles should be 
used for attaching to the line wires.” 


Motor Inspection Form Helps in 
į \Training*Inspectors 


O ONE who has had any experi- 

ence in inspecting equipment will 
deny that it is dirty and oftentimes dis- 
agreeable work. It requires a man who 
has judgment, brains and persistence. 
Such men are not easy to find. Also, 
it is not always good policy to turn 
even a good man, particularly one who 
is new to the plant, loose on a job and 
trust to him to inspect everything that 
should be looked after. It is very easy 
for an inspector to overlook certain 
pieces of equipment or elements 
thereof—and it is human nature to 


INSPECTORS SHEET 


Does Field Colle neod paints. 
Dove Armature need painting” 


Are all Wires tm good condition’... ...0.. a, ee 
de Oil clown la Aute Starter’... 268. ee ee 
Dees Auto Starter Handle ehre 
fines Auto Starter Handle held rr 


N 
- Nə.. 
-. No.. 
No 
.. Ne. 
No 
No 
Na 
Ne 
- No.. 
No 
- Ne 
- Me 
. Me. 
Ne. 
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- No.. 
. Ne 
. Ne.. 
— Mo 
- Ne 
- Me. 
Ne. . 
N 


This sheet helps the motor in- 
speetor by showing him just what 
to do. It also serves as a valuable 
record of the condition of the 
equipment. 
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slight the more difficult or disagree- 
able parts of a job. 

We have drawn up the motor inspec- 
tion form shown in the illustration to 
help us train our inspectors in the 
work; also to help the inspectors to do 
a good job. As will be seen, this form 
covers about all the points that should 
ordinarily be checked during the in- 
spection of a motor so that little or 
nothing is left to the memory of the 
inspector. As each item is gone over, 
the inspector puts a check mark in the 
Yes or No column. When the sheets 
are turned in to the maintenance de- 
partment, we have a very good record 
of the condition of the motor and its 
auxiliary equipment. 

As inspectors we select men who have 
good, common sense and are thoroughly 
honest and give them these sheets to 
help them to know what to look for. 
With the help of these forms and such 
instructions as may be necessary or 
advisable to give them we have found 
that it requires only a few weeks to 
make a good inspector. 


Power Engineer, 
The Stanley Works, 
New Britain, Conn. 


———— — 


, Method of 
Locking Compensator Handle to 


Prevent Starting Motor 


HE device shown is used by the 

Canada Cement Company, Ltd., 
Montreal, Canada, to lock the operating 
handle of a compensator so as to pre- 
vent starting the motor while someone 
is working on the drive or the driven 
machine. 

As can be seen, the device consists 
of a small piece of sheet steel and a 
wooden arm which is hinged to the 
support holding the compensator. The 
wooden arm is slotted as shown in the 
right-hand illustration so as to receive 


C. H. HART. 


This locking device for a compen- 
sator can be very easily made and 
installed. 


The construction of this device is 
shown in the two illustrations, which 
were furnished by the National Safety 
Council. Note that the device will ac- 
commodate four locks; thus as many 
as four men or gangs may be working 
on the motor, drive or machinery 
driven by the motor and there will be 
no danger of the motor being started 
until each of the four men or gangs 
have completed their work and removed 
their individual lock. 
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a metal plate, which metal plate has 
drilled in it one large hole that fits 
over the handle of the compensator. 
In addition there are several small 
holes, into which padlocks may be 
locked, as shown in the left-hand pic- 
ture. 

To make the wooden arm stronger 
and to prevent wear, one side of the 
slot is reinforced with a slotted plate 
as can be seen in the right-hand illus- 
tration. The metal locking plate is 
fastened to the wooden arm by a chain, 
so as to prevent it from being lost 
when not in use. 
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Designating Fuse Capacities by 
Different Colors 


HOSE who are engaged in elec- 

trical maintenance work know by 
experience that machine operators are, 
as a rule, not familiar with fuse capaci- 
ties. To them a fuse is a fuse, and if a 
cartridge fuse fits the clips, they as- 
sume that it is the proper size. 

It is advisable to have machine op- 
erators practice a “hands-off” policy 
on electrical equipment of all kinds un- 
less conditions are such that the opera- 
tor can save time by replacing blown 
fuses. Then he must know what he is 
doing. 

Frequently, there are times in all in- 
dustrial plants when a fuse is blown by 
too rapid starting of a motor, or 
through other causes, and when the op- 
erator notifies the electrician he is un- 
able to give the capacity of the fuse. 
If the plant is so large that the elec- 
trician can not remember the capacity 
of each fuse he must either take a sup- 
ply of different sizes with him, or else 
go to the blown fuse to ascertain the 
capacity and then go back to the supply 
room to obtain a fuse of the proper 
capacity. 

A fuse identification scheme which is 
very convenient involves painting a 
colored stripe or circle near the clips 
of all motor or other fuses, the fiber 
tubes of the corresponding fuses be- 
ing painted the same color. When a 


fuse blows it is then a simple matter 
for the operator to call the electrician 
and tell him that a “yellow fuse” has 
blown. 

The following color scheme is used 
in one plant which operates at 250 volts 
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and covers all of the usual sizes used 
in a plant of this kind: 

For 0-30-amp, ferrule type cartridge 
fuses: | 

5 amp., white—called Little White. 

10 amp., black—called Little Black. 

15 amp., blue—called Little Blue. 

20 amp., green—called Little Green. 

25 amp., red—called Little Red. 

30 amp., yellow—called Little Yellow. 

For 31-60-amp. ferrule type cartridge 
fuses: 

35 amp., white—called Big White. 

40 amp., black—called Big Black. 

45 amp., blue—called Big Blue. 

50 amp., green—called Big Green. 

55 amp., red—called Big Red. 

60 amp., yellow—called Big Yellow. 

Some plants may not make use of all 
of the fuse capacities shown, but this 
tabulation gives a general idea of the 
scheme, which should be worked out to 
suit the conditions. For instance, a 
110-volt installation would use larger- 
capacity fuses for the same power de- 
livered, while a 440-volt installation 
would use smaller fuses. 

This color scheme also serves as a 
check whereby the head of the depart- 
ment can see that the proper size of 
fuse is being used, simply by comparing 
the color of the marking stripe or cir- 
cle with the color that has been painted 
on the fuse. 

When renewable fuses are being used 
it is imperative that the proper-size 
links be placed in the different-colored 
holders. A renewable fuse of the Fed- 
eral type with the capacity marked and 
in plain view at all times, even though 
the fuse is in the clips, lends itself ad- 
mirably to a cross-check by the color 


scheme. 
Plattsburg, N. Y. A. W. OPPMANN. 


Method of Handling Installation 
of New Switchboard 


UE to the increased power de- 
mands, it recently became neces- 
sary for us to rearrange the power 
lines and install a new switchboard. 
Inasmuch as this was a job of consid- 
erable magnitude the manner in which 
the work was handled may be of gen- 
eral interest. 
The old switchboard was in an un- 
handy place, being near a Corliss enginé 
flywheel; also, it was not complete, 
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having no meters of any kind, no over- 
load relays, no bus-bars or suitable 
switches, and no capacity for additional 
feeders. 

It was built of a few 3-in. wooden 
strips on which were mounted a limited 
number of porcelain cleats to hold the 
small-sized feeders, some single-pole 
cutouts, and some loose-hinged, 100- 
amp. three-blade switches. In short, it 
was too small and unsafe. 

With the old arrangement the con- 
ductors were carried up through the 
roof in conduit, and thence to the vari- 
ous other buildings on low wooden 
horses. Many new motors were to be 
installed, and lighting lines re-arranged, 
so it was deemed necessary to provide 
a better outlet for the increased num- 
ber of lines coming from the new 
switchboard. 

The new switchboard, shown in the 
illustration, was designed and com- 
pletely built by the General Electric 
Co., even to wiring the goose-neck 
lamps on all of the upper panels. We 
had in stock no material from which to 
construct such a board; besides our 
electrical force was too busy with daily 
maintenance and repairs to do more 
than to assemble the switchboard, when 
received 

The initial cost of the switchboard 
was considered only on the basis of ca- 
pacity, efficiency, and completeness. We 
specified that it be shipped complete 
for assembling by our electricians, as 
it. was desired to operate it immedi- 
ately upon erection. When we were 
making the plans the management is- 
sued a simple “cast-iron” warning that 
no complaint as to incompleteness or 
inefficiency was to be voiced by anyone, 
superintendent, chief electrician or elec- 
trical workers, after the installation of 
the board, as it was desired to have the 
job done up properly once for all time. 

It was specified that generous sized 
bus-bars, oil switches of 200-amp. ca- 
pacity and terminal lugs be provided to 
care for loads likely to be carried for 
at least five years ahead. It was also 
specified that there should be no live 
parts on the front of the power panels 
of the 440-volt system, that overload 
protection be afforded by time-limit re- 
lays, that only two circuits be connected 
to each power panel, and that every 
power circuit have only one ammeter in 
its three-wire, three-phase line. 
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The panels were to be built down to 
the floor, the lower ones to take watt- 
meters later on. 

The new board is 18 ft. long and 6 
ft. 4 in. high, with panels 2 ft. wide. 
It is set 4 ft. from the wall, and all 
power and light lines are carried 
straight up through an opening in the 
roof and into a frame wire-tower, from 
whence they extend in different direc- 
tions to the various buildings and other 
departments. Arms are used on the 
corners of buildings, thus eliminating 
the wooden horses. 

Current is purchased at 13,000 volts 
and is stepped down to 440 volts for 
the motors, and again stepped down 
through smaller transformers to 110 
volts, three phase, for lighting. 

The first right-hand panel is for 
110-volt, three-phase a.c. lighting. The 
last two panels to the left are for 125- 
volt battery charging, one of the panels 
controlling a belt-driven generator and 
the other a synchronous motor-gener- 
ator set. These panels can be coupled 
with an equalizer to care for a total 
load of 800 amp. at 125 volts. 

The second panel from the right car- 
ries the main power oil switch, which 
connects directly to the bus-bars, thus 
providing a quick and handy means of 
shutting off all power in an emergency. 

The third panel from the left carries 
the synchronous motor starting switch 
and compensator. All the intermediate 
panels are for 440-volt power, and have 
two a.c. ammeters, two sets of overload 
relays, two 200-amp. oil switches, and 
one pilot lamp. 

A ground detecting voltmeter with a 
testing plug is provided on the fourth 
panel from the left, so that ground 
readings may be taken on all three 
phases of the power lines. 

Overload time-limit relays are used 
on the power panels, and fuses on the 
lighting panel. The power circuit am- 
meters are connected to small instru- 
ment transformers set in line with the 
copper feed bars between the oil 
switches and the main busbars located 
above. 

The five motor feeder panels have a 


New switchboard, designed for 
ease in making future extensions, 
which replaced an obsolete instal- 
lation. 
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total capacity of 1,000 h.p. at 440 volts. 
The lighting panel, at the extreme 
right, carries six, three-wire switches 
with a total capacity of 600 amp. at 125 
volts. 

Each lighting switch has a capacity 
of 100 amp., and each power switch 
will carry 100 h.p. Many lines that 
were formerly carried along the ceiling 
of departments adjacent to the engine 
room have been turned up into the 
tower and are run out-of-doors, so as 
not to take up needed room inside the 
building. The lighting lines are No. 6 
and No. 00. Many of the power lines 
are No. 4 and No. 4/0. The 125-volt 
d.c. cables to the storage battery de- 
partment are 300,000 circ. mil, as are 
the 440-volt main feeder cables from 
the transformers. Weather-proof and 
rubber-covered wire is used over the 
roofs, and white slow-burning up into 
the wire tower. 

The whole switchboard frame is 
grounded by a No. 4/0 conductor car- 
ried out through the engine room wall, 
to an alley where the ground is very 
moist, and there bolted and soldered to 
two copper plates each 2 ft. long and 
1 ft. wide, buried in a barrelful of coke 
some 6 ft. under ground. 

As the switchboard stands, it has re- 
serve capacity for years to come, looks 
very neat, is strongly built and prac- 
tically fireproof, slow-burning wire be- 
ing used at the rear. It is handy and 
safe to operate, takes automatic care of 
overloads, and has plenty of room for a 
worker to make the required connec- 
tions at the rear. 

The price of its installation was 
never regretted by our company, as no 
expense was spared to make it elec- 


trically perfect and with sufficient 
capacity. 
New Britain, Conn. H. S. Rick. 
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Routine for 
n Fuse Renewals on the 
Night Shift 


N A PLANT which covers a large 

area and operates 24 hr. a day, only 
one or two electricians are maintained | 
on the night shift. It frequently hap- 
pens, however, that a fuse must 
changed during the night. As it often 
requires some time to locate these elec- 
tricians at night, in case of an emer- 
gency, the foreman of each department 
is instructed on how to change a fusée 
and is provided with a supply of fuses. 
of the various sizes required. To aid 
him in selecting the right size of fuse, 
there is stenciled on the front of each 
fuse box the ampere rating of the fuse 
to be used. 

In addition to this, the foreman 
must in each case report the fuse re- 
moved and its location. Members of 
the electrical department on the day 
force immediately check up on each 
fuse so reported to be sure that the cor- 
rect size is used. While there may be 
some objection to this method of hand- 
ling fuse renewals, it has the justifi- 
cation that it is necessary to make 
renewals quickly so as to get the ma- 
chine in operation again as soon as pos- 
sible, as this is a continuous process. 
Chicago, III. B. F. 
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This department will furnish mechanical 

details of installation, operation and mainte- x 
nance of equipment in the path of power 

service from the first mechanical driv- 

ing element through transmitting 

equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Increasing Size of Mounting 
for Larger Motor 


OMETIMES, because of an increase 

in production or difference in mate- 
rial handled, it is found necessary to 
replace a motor with one of a larger 
size. 

If the machine has a bed plate 
built for only one size of motor, the 
task of putting in a larger motor may 
be somewhat troublesome. 

In the accompanying illustration of a 
machine for charging pipe into a weld- 
ing furnace, it was found that in 
charging the larger sizes the motor 
was too small to push the pipes into 
the furnace fast enough. The motor 
then in use was a 15-hp. series-wound, 
mill-type motor. 

The gear ratio between the motor 
pinion and the gear on the countershaft 
was changed, but this increased the 
load on the motor and lowered the 
speed still more. Hence, it was de- 
cided to replace the 15-hp. motor with 
a series-wound, mill-type motor rated 
at 27 hp. 

The charging machine bedplate for 
the motor was not large enough to 
take the 27-hp. motor; so a 1-in. steel 
plate, large enough to receive the new 
motor, was drilled to fit the drilling 
plan of the new motor, and then placed 
on the old bedplate, as shown in the ac- 
companying illustration. This plate 
was drilled to line up with the holes in 
the old bedplate, these holes were 
countersunk and the plate bolted down. 
The motor was then mounted on the 
new plate. The arrangement has 80 
far worked satisfactorily for three 


years. 
Indiana Harbor, Ind. H. W. 


A 27-hp. motor replaced a 15-hp. 
motor on this pipe charger. 


The mounting built into the machine 
was not large enough to accommodate 
the new motor; so a sub-base large 
enough to take the new motor was 
made of 1-inch steel plate. This was 
bolted to the old mounting as is shown 
in the Hiustration. 


Precautions Necessary in the 
Use of Babbitt 


N THE purchase of babbitt metal, 
the purposes for which it is to be 
used should always be given or, better 
still, the proportion of antimony, lead 
and copper should be specified, if the 
buyer is thoroughly acquainted with 
the manufacture of this metal and 
knows what composition to use for 
given service conditions. For example, 
greater compressive strength is called 
for in heavy machinery than in line- 
shafting, light mill, and shop machin- 
ery. In the first case 80 parts of tin, 
10 of antimony, and 10 of copper is a 
good proportion. In the latter case an 
alloy composed of 50 parts of tin, 25 
of lead, and 18 of antimony gives good 
service. 

Due regard for speed must be taken 
into consideration in the case of light 
bearings, but this is not so important 
in the heavier types, where the com- 


pressive strength is of first importance. 
Some engineers think that the quality 
of a babbitt metal is influenced by the 
order in which the components are 
added, but from authoritative tests 
which have been made, this has been 
proved a fallacy. 

When babbitting a bearing the fol- 
lowing instructions should be followed 
in order to obtain the best results: 

In the case of a cast-steel or cast- 
iron shell, all old babbitt must be re- 
moved; this is best done by heating, 
then dipping in lye to remove dirt, and 
finally scraping off all rust and oxida- 
tion. Tinned shells of bronze or cast 
iron should be cleaned by heating in a 
pot of molten babbitt and when the old 
metal has melted out the tinned surface 
should be painted with a soldering flux 
and retinned by dipping in solder at 
about 650 deg. F. The portions which 
are not to be tinned should be painted 
with a thin mixture of clay and water. 
The shell to be tinned should be left 
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in the solder long enough for the solder 
to run off, leaving a thin coating; then 
flux the surface again and give another 
dip into the molten solder. Should 
there be any untinned patches left the 
operation must be repeated. 

Babbitt should not be used for tin- 
ning, because the higher temperature 
makes it hard to hold a thin skin of 
metal on the shell. 

It is not advisable, unless absolutely 
necessary, as in case of a breakdown, 
to babbitt a bearing directly on the 
shaft, as the latter may be sprung. 
Therefore a mandril is used. This is 
heated to about 350 deg. F. and washed 
with a thin, clay-and-water solution, 
which dries off leaving a fine dust that 
gives a good surface to the bearing. 
The shell must be preheated not more 
than 200 deg. F.; otherwise it takes too 
long to cool and the heavier components 
of the babbitt will settle, making a 
bearing that is soft at one end and 
brittle and hard at the other. 

Babbitt should be heated slowly and 
stirred at frequent intervals, adding 
graphite or charcoal to stop oxidation, 
and must be skimmed before using to 
insure that no scale or slag gets into 
the work. The average temperature at 
which the metal should be kept is 
around 865 deg. F., but this varies with 
different brands of babbitt. 

In order to do a good job of babbitt- 
ing, it is necessary to have clean tools, 
to preheat to the proper temperature, 
to have a well-tinned surface, and to 
maintain the metal at the correct tem- 
perature. The molten metal should be 
poured in a steady stream down the 
mandril, to avoid air spaces, using a 
ladle with a round spout, in preference 
to a narrow, sharp one. 

In the case of heavy bearings, where 
there is a considerable thickness of 
metal to be poured, the shell should be 
dovetailed out or suitable anchorage 
provided, and should be tamped with 
rods while pouring. 

When a bearing is poured directly, 
instead of having a shell, the above 
instructions will apply, but care should 
be taken to make provision for anchor- 
ing the babbitt to the bearing. 

Maurice C. COCKSHOTT. 
Los Angeles, Calif. 
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Selecting Motors for Machines 
That Require Flywheels 


T FREQUENTLY happens in a shop 

using drawing presses, rolls, or 
other machines requiring flywheels, 
that the first motor application is un- 
satisfactory. In many such cases 
trouble has been experienced by the 
breaking of gears or other parts of the 
driven machine and in some cases the 
motor has been damaged or has had to 
be replaced with a larger or different 
type of motor. The majority of troubles 
of this sort come from the fact that 
full consideration has not been given 
to the special conditions existing with 
flywheel installations. 

Machines having a duty cycle con- 
sisting of a short period of heavy load, 
followed by a period of light or idle 
load, use flywheels to deliver energy to 
the machine during heavy loads and to 
recover this energy from the motor 
during the period of light load. In 
order that the flywheel may deliver its 
energy to the machine it must be 
slowed down slightly and the energy 
thus delivered will be recovered as the 
motor brings the flywheel up to speed 
during light load. If a standard, 
constant-speed motor is used on such 
drives the results are often unsatisfac- 
tory. The motor running at constant 
speed does not allow the flywheel to 
deliver its energy to the machine, with 
the result that all the energy for the 
peak load must come from the motor 
and the supply line. This condition 
results in overheating the motor, ex- 
cessive surges in the supply line, and 
often injury to the machine. On the 
other hand, a slight reduction in speed 
at the time of peak load has a cushion- 
ing effect upon all parts of the machine 
and greatly reduces the strains. 

The unsatisfactory conditions out- 
lined above may be eliminated by using 
a motor with more than the standard 
amount of resistance in the rotor cir- 
cuit. In the case of squirrel-cage mo- 
tors this may be accomplished by re- 
placing the standard rotor with a high- 
resistance rotor, or by replacing the 
entire motor. The high-resistance rotor 
gives off more heat than the standard 
rotor and this condition must be taken 
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into account if the rotor only is 
changed. It is generally better to re- 
place the entire motor. The high-re- 
sistance motor may, in many instances, 
be of less horsepower rating than the 
standard motor and yet perform its 
work more satisfactorily. With slip- 
ring motors it is only necessary to con- 
nect some extra-heavy-duty resistors 
into the rotor circuit permanently in 
order to get the result desired. The 
writer has found many cases where a 
smaller motor with proper rotor has 
replaced a larger standard motor. In 
the case of direct-current motors the 
ordinary shunt motor can often be ad- 
vantageously replaced with a compound 
motor so that the speed characteristics 
will be such as to allow the flywheel to 
do its share of the work. 

A recent practical application of this 
problem was brought to the writer’s 
attention when a 750-hp., slip-ring 
motor on a rolling-mill drive behaved 
unsatisfactorily. A standard, constant- 
speed motor had been furnished and 
no account taken of the requirements 
of the flywheel. The result was that 
during the first few weeks of operation 
several machine parts were broken and 
the power company complained of se- 
vere power surges on the line supplying 
the plant. A suitable amount of heavy- 
duty resistance was permanently con- 
nected in the rotor circuit and the 
power surges were reduced from 1,250 
hp. to 750 hp., while no further trouble 
was experienced from broken machine 
parts. Dean W. TAYLOR. 
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Driving Belts on Short Centers 
With High Pulley Ratios 


RDINARILY large pulley ratios 

mean long belts with a wide pul- 
ley center distance. Even then if the 
pulley ratio is very large, such as the 
10-to-1 ratio shown in the accompany- 
ing illustration, the necessary center 
distance will be so long that the belt 
will flop. Also, the small amount of 
belt surface in contact with the driving 
pulley will require some form of ten- 
sion device to keep the belt tight 
enough to operate. 

In the illustration a 10-to-1 ratio is 
obtained on short centers through the 
Lenix drive, as shown. This drive oper- 
ates a Portland cement rotary kiln, 24 
hr. a day under severe temperature 
conditions. Here a single 10-in. leather 
belt connects the 12-in. pulley on the 
50-hp. motor to a 120-in. pulley on the 
drive of the kiln. Since the drive main- 
tains its proper tension at all times 
irrespective of how the belt is affected 
by temperature conditions and also 
gives an increased arc of contact on 
the driving pulley, the life of the belt 
is not shortened either by slipping or 
by stretching through excessive ten- 
sion. The special idler pulley may be 
raised when the drive is not operating, 
thus reducing the tension. 


This rotary kiln drive operates with 
a 10-to-1 pulley ratio on an 8-ft. 
centen 
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‘This section is devoted to repair work, large and small. Spe- 
' cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Defective 
Armature Testing Equipment 
Gave Puzzling Results 


ONNECTIONS of a voltmeter and 

resistance used for making the 
bar-to-bar test on armatures in the 
course of production, are shown in the 
illustration. The test consists in pass- 
ing current through the armature and 
taking, by means of the voltmeter, the 
drop from bar to bar all around the 
commutator. If all armature coils are 
alike and the commutator is faultless, 
all drops will be the same. A short- 
circuit will cause a small deflection or 
no deflection at all, according to 
whether the short-circuit is in the coil 
or in the commutator. A poor connec- 
tion will cause a larger deflection and 
an actual open-circuit will throw the 
meter needle off the scale. The two 
1,000-ohm resistance coils were used to 
hold normal deflections to a readable 
value. 

In testing a certain series-connected, 
4-pole armature, every contact with the 
commutator would throw the needle of 
the meter clear off the scale. In order 
to find out whether or not all abnormal 
deflections were of the same value, the 
current through the armature was 
greatly reduced; the deflections were 


Contact ports B. 


A short-circuit between wires A 
and B cut out the resistance tubes 
and caused the voltmeter to indi- 
cate an open-circuit in all coils of 
an armature under test. 


Contributions are always welcome. 


then of uniform value. This meant that 
the trouble must be something unusual, 
such as a wrong connection that would 
convert the winding into a re-entrant 
winding, thereby placing several coils 
in series between every pair of com- 
mutator bars. Lifting several leads on 
opposite sides of the commutator and 
ringing out showed, however, that the 
connections of the coil leads to the com- 
mutator were counted off correctly. At 
this stage the electrician became inter- 
ested and, in order to get all informa- 
tion first-hand, put the armature back 
into the bar-to-bar testing rack. Much 
to the surprise of everyone concerned, 
all deflections were now perfectly nor- 
mal for that type and size of armature. 
Investigation disclosed that the two 
resistance tubes (R:) and (R:) had be- 
come turned end for end in such a man- 
ner that wires (A) and (B) were touch- 
ing, thereby cutting both of them out 
and placing the voltmeter directly 
across the testing leads. 
Brooklyn, N. Y. J. A. HORTON. 
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Unique Method of 
Heating Locomotive Wheel 
Tires for Removal 


ECENTLY we had to turn some 
locomotive wheel tires which were 
badly worn and had several hard spots, 
but were still too good for the scrap 


ngap: 
is had usually been done by set- 
ting up the drivers in the lathe just as 
they were taken off the locomotives, 
and turning them, which process re- 
quired five or six days. With the idea 
of cutting down the time taken to do 
the job, the tires were heated by the 
current induced in them from a coil 
placed around the wheel. This heating 
expanded the tires sufficiently to enable 
their removal. 

A coil of thirty-five turns of No. 00 
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rubber-covered cable was wound and 
taped together as shown, a layer con- 
sisting of six turns, making the coil 
about 5 in. wide. 

The form used for winding the coil 
was an old 44-in. pulley set up on a 
small shaft across a pair of horses, so 
that it was free to revolve; to give the 
right width and form to the coil sev- 
eral U-shaped brackets, made of M. in. 
by 1-in. flat iron were used. These 
brackets were spaced equally around the 
circumference of the pulley and with 
their backs to it, being held in place 
by the bottom layer of cable. 

The coil was then tied with heavy 
cotton tape in about a dozen places to 
make it hold its shape, as it had to be 
used for taking off several sets of tires. 

A. C. power was taken from two of 
the cables of a 100-hp. 550-volt com- 
pensator. A water rheostat was put in 
series in the circuit to control the cur- 
rent and a clamp-type current trans- 
former with a 250-amp. range ammeter 
indicated the current used. 

In operation, the driver was sus- 
pended on end with chain blocks as 
shown, so as to hold the lower wheel 
about a foot above the floor. The coil 
was held up around the tire as shown, 
blocks of wood being placed underneath 
to support it, and also to catch the tire 
when it came off and thus prevent the 
projecting outside rim from possibly 
grounding on the cable. 

The coil had been made of such a 
size as to allow about % in. space be- 
tween it and the tire; this space was 
packed with -in. soft sheet asbestos 
to protect the insulation from the heat. 

We found that a current of about 175 
amps. applied for 40 min. expanded the 
tire enough so that it could be taken 
off by using a sledge and gradually 
raising the drivers with chain blocks. 

This was a first experiment, but I 
am now convinced that if fifty or more 
turns had been used instead of thirty- 
five the tires could have been taken off 
much more easily, as they would have 
heated and expanded more rapidly, 
thereby communicating less heat to the 


The tires were heated by induction, 
by placing the wheels within a coil 
of heavy insulated wire through 
which current was passed. 
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wheel and not causing so much expan- 
sion of the latter. 

After the tires were taken off they 
were turned on a boring mill in about 
10 hours., or one-sixth of the time re- 
quired to do the job in a lathe. 

The same method can be used when 
putting the tires back on, and less heat 
is necessary as the wheel is not heated 
at the same time as the tire. 

J. H. GALLANT. 


Canada Cement Co., Ltd., 
Belleville, Ont., Can. 
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Rewinding Motor for Speed and 
Voltage Charge 


N INSTANCE of where both a 
speed and a voltage change were 
made in a motor came up recently, and 
readers of INDUSTRIAL ENGINEER may be 
interested in knowing how the change 
was handled. A Westinghouse, type 
CCL, 40 hp., three-phase, 220-volt, 720- 
r.p.m. motor burned out and the owner 
desired to have it rewound for 900 
r. p. m. and to be used on 440 volts, in- 
creasing the horsepower as much as 
possible. 

The stator had 150 slots and the 
original winding consisted of 150 coils 
of twenty-four turns each of one No. 
14 d.c.c. wire, five coils per group, con- 
nected ten-parallel delta. 

In attacking the problem the 900- 
r. p. m., 440-volt winding was considered 
as a voltage change as follows: The 
720-r.p.m. series-delta voltage would be 
220 X 10 = 2,200 volts and with the 
same number of turns per coil the se- 
ries-delta line voltage for the 900-r.p.m. 
winding would be (900 X 2,200) 720 
= 2,750 volts. Now with 150 coils and 
eight poles there would be an odd 
grouping, or eighteen groups of six 
coils per group and six groups of seven 
coils per group, arranged as follows: 
7-6-6, 6-7-6, 6-6-7, 6-6-6, 7-6-6, 6-7-6, 
6-6-7, 6-6-6. 

Then the only connections possible 
without killing or cutting out any coils 
are the series and two-parallel and to 
get a line voltage of 440 volts with a 
two-parallel delta connection, the se- 
ries-connected winding would have to 
be good for 880 volts. The turns per 
coil for a series-delta, 880-volt winding 
would be (880 X 24) — 2,750 equals 
7.68 turns per coil. An eight-turn coil 
could be used and the chord factor 
changed to reduce the effect of the 
0.32 extra turn per coil. 

The ten-pole full pitch is 150 — 10 = 
15, or 1-and-16, and the 1-and-13 
pitch is 11 15 = 73 or 73 per cent 
pitch. The chord factor of the 1-and- 
12, ten-pole pitch is 180 deg. — 15 = 12 
deg. The sine of (1112 deg.)—2=sin 
66 deg. or .91354. Then 73 per cent 
pitch for eight poles equals (150 — 8) 
X73 = 12.6875 or the chord factor of 
the l-and-13 pitch will be 150 —8= 
18.75; 180 — 18.75 = 9.6 deg. Then 
(9.6 deg. X 12) — 2 = 57 deg. 36 min. 
and the sine of this equals . 84433. 

The eight-turn coil, series-delta, 900- 
r.p.m. line voltage should be (8 « 880) 
— 7.69 = 915.45 volts, and with the 1- 
and-13 pitch the voltage would be 
(0.84433 — 0.913854) X 915.45 equals 
835.8 volts. The l-and-14 chord factor 
would be (13 X 9.6) — 2 = 62.4 deg., or 
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sin 62 deg. 24 min. equals .8862 and the 
line voltage would be (.8862 = .9135) 
Xx 915, equals 887.64 which is alright. 
The turns per coil have been reduced 
te eight or one-third the original; the 
copper should be increased three times, 
or the new coil can be wound with eight 
turns of three No. 14 d.c.c. wires in 


Connections and grouping of coils 
in motor which was rewound for 


combined speed and voltage 


change. 


parallel, pitch l-and-14, connected two- 
parallel delta for 440 volts. The dia- 
gram shows the connections. 

The horsepower rating at 900 r.p.m. 
will be (900 X 40) +720 = 50 hp. The 
motor will then draw 64 amp. per ter- 
minal. 

The new data will, therefore, be 50 
hp., three phase, 60 cycles, 900 r.p.m., 
840 r.p.m. full load, 440 volts, 64 amp. 
per terminal. There will be 150 coils 
of eight turns of three No. 14 d.c.c. 
wires in parallel per coil, pitch 1-and- 
14, connected two-parallel delta. 
Pittsburgh, Pa. A. C. Rox. 
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Simple and Efficient Device for 
Undercutting Mica 


HE necessity of undereutting the 

mica of commutators on certain 
types of machines is well recognized 
and a number of devices have been 
brought out for this purpose. However, 
the price of an undercutting machine 
that can be adapted to all conditions is 
oftentimes more than a small repair 
shop can afford to pay. For this rea- 
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son the device described below was 
built in one shop, and although inex- 
pensive, it has given good service. 

This undercutting outfit consists of a 
14-hp. motor, which could be either a. c. 
or d.c., depending on the current sup- 
ply, a flexible shaft with a 3-jaw chuck 
attached and a milling cutter.. The ac- 
companying illustration shows the ap- 
paratus assembled and gives a good 
idea of the flexibility of the shaft, also 
the ease with which it may be handled. 
The shaft shown here was purchased 
from the Stowe Mfg. Co., Binghamton, 
New York. It is encased in a heavy 
leather sheath and may be operated in 
almost any position desired. Therefore, 
it is rarely necessary to remove any of 
the brush mountings, even on the 
smaller motors, during the operation 
of undercutting. 

The chuck is simply a 3-jaw drill 
chuck and will be furnished and at- 
tached by the manufacturer of the 
shaft in accordance with your specifica- 
tions. The milling cutter is a dupli- 
cate of those used by dentists and may 
be purchased from Ransom & Randolph, 
Toledo, Ohio, in various diameters and 
widths of teeth. The cost of the outfit 
complete was approximately $30. 

Our experience with these cutters has 
been very satisfactory, and we have 
found that under ordinary conditions 
the life of a cutter & in. in diameter is 
between 85 and 95 linear feet. The 
length of the shank of this cutter is 
sufficient to permit a good clearance of 
the chuck even on large commutators. 

The efficiency of the device is shown 
by the fact that the time required to 
undercut by hand a commutator 9% in. 
long containing 241 bars, with the mica 
flush, was 12 hr. and 12 min., whereas 
another commutator of the same size 
and identical in every respect was un- 
dercut by this outfit in 1% hr. 

This outfit has the further advantage 
that it can easily be transferred from 
one place to another, as it is very light 
in weight. Also, it can used as a 
portable grinder or drill while, owing 
to its construction, holes can be drilled 
in locations that would be very difficult 


to reach with most portable drills. 
Cleveland, Ohio. Royce L. GRIMES. 


This mica undercutting device con- 
sists of a 4%-hp. motor which drives 
a flexible shaft on the outer end of 
which is a 3-jaw drill chuck that 
holds a dental milling cutter. 
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Growthof Industrial 


Centers 
(Continued from page 11) 


These industries are the lumber 
industry, steel works and rolling 
mills, paper and pulp wood, cotton 
goods, blast furnaces, foundries and 
machine shops. The primary horse- 
power reported for these six indus- 
tries combined amounted to 13,- 
934,074 hp. or 47.2 per cent of the 
total of all industries. These same 
six industries report the primary 
electrical horsepower owned or pur- 
chased as 6,329,908 hp. Thus about 
45 per cent of these industries were 
electrified. Of these, however, foun- 
dries and machine shops were about 
95 per cent electrified. Iron and 
steel works, including rolling mills, 
were a little over 61 per cent elec- 
trified, although blast furnaces were 
only 15 per cent electrified. The 
lumber and timber products indus- 
try and the paper and wood pulp 
industry showed a very low percent- 
age of electrification. The printing 
and publishing and rubber tires and 
rubber goods industries, although 
they do not rank among the largest 
industries, show a relatively high 
percentage of electrification. 

The total primary horsepower of 
the 237,854 establishments in the 
United States reported as using 
power was 29,504,792 hp.; of this 
16,317,277 hp. was reported as elec- 
trical, or 54.5 per cent of the total. 
This shows that the six largest 
power-using industries were, as a 
group, below the average for all 
industry. These six, however, con- 
tained the industries which show the 
maximum and minimum percentage 
of electrification for all important 
industries. 

The total primary horsepower of 
all industry was first reported in the 
census of 1879; this was 3,410,837 
hp. The percentages of gain for each 
ten-year census report up to 1919 
were: 74.1 per cent, 70 per cent, 84.9 
per cent and 58 per cent respectively. 
The primary electrical horsepower 
was not reported until 1889; it then 
stood at 15,569 hp. The totals re- 
ported for each succeeding five-year 
period were: 1899, 492,936 hp.; 
1904, 1,592,475 hp.; 1909, 4,817,140 
hp.; 1914, 8,835,970 hp.; 1919, 16,- 
317,277 hp. All of these figures were 
taken from United States Census 
reports. 

The development of better meth- 
ods of generation and the availabil- 
ity of power have had an important 


GIN 


part in the industrial growth of the 
United States in the past. Further 
improvements in methods of applica- 
tion and utilization will have a cor- 
responding influence on future indus- 
trial development. 
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Three Large Manu- 
facturing Units 


(Continued from page 5) 


couplings and automotive equipment. 

In 1901, the Allis-Chalmers Man- 
ufacturing Company was organized 
by combining Fraser and Chalmers, 
E. P. Allis Company, and Gates Iron 
Works, which had been for some 
years leaders in the middlewest in 
supplying engines, pumps and other 
heavy machinery to meet the de- 
mands of industrial and mining de- 
velopments of the central and west- 
ern sections of the United States. 
It was natural to add electric gen- 
erators to connect to the line of en- 
gines and the hydraulic equipment 
and also motors devised to drive the 
special machinery as electric drives 
became more in demand, thus en- 
abling the company to supply com- 
plete equipment and drives for en- 
tire plants or mills under one 
contract. 

Some of the lines in which this or- 
ganization has specialized in the 
production of equipment for specific 
industrial needs are: Cement mills, 
crushing, mining and metallurgical 
plants, saw mills and heavy wood- 
working plants, flour mills, hoisting 
equipment, hydraulic and pumping 
units, air compressors, gas, oil and 
steam engines, power transmission 
machinery, steam and water turbines 
and electric generators and drives 
for special service conditions, found 
in connection with these industries. 

Most of this heavy equipment is 
made at the main plant at West 
Allis, a suburb of Milwaukee, Wis. 
In addition, a large factory is main- 
tained at East Norwood, a suburb 
of Cincinnati, Ohio, for the manufac- 
ture of smaller electrical machinery 
for the generation, conversion, trans- 
formation and utilization of electric 
power. About 6,200 employes are 
engaged at the two plants which oc- 
cupy a ground area of approximately 
172 acres with a floor area of 3,646,- 
875 sq. ft. A total of 190 electric 
cranes are used in the two plants 
and 21 miles of railway track in and 
around the two plants facilitate the 
handling of the heavy machine parts 
manufactured therein. | 
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Use of Industrial 
Partitions 


(Continued from page 26) 


out of shape this may interfere. 
more seriously with the re-erection. 

Another use of industrial parti- 
tions is to separate off the lavatories 
and wash rooms. In most cases it 
is necessary to totally enclose these 
from the remainder of the plant. 
Ordinary steel, however, cannot be 
used to advantage around toilets and 
showers because of the difficulty of 
coating it so as to prevent rusting 
because of dampness. There are 
some special alloy metals used which 
overcome this. One of these is a 
special copper-steel alloy; another is 
an aluminum alloy. Both of these 
are rust resisting and do not depend 
upon paint or other coatings to 
prevent oxidation. 

In planning for any installation it 
is well to consider how essential is 
appearance. If the partitions are to 
be used largely for offices, a better 
appearing unit would be more desired 
than would be necessary if it were 
used merely for factory stockroom or 
similar work. The appearance de- 
sired or considered necessary will no 
doubt have its effect on the price. 

In planning an installation, the in- 
dustrial man must first take into ac- 
count the same points which he uses 
in getting an estimate from the 
manufacturer. These will also help 
him to get a better understanding of 
what would be expected of him. 
These factors which are required in 
an estimate as given by one manu- 
facturer are listed in the table on 
page 26 and are practically self- 
explanatory so are not discussed 
further here. In any case it is 
usually best to adopt one manufac- 
turer’s equipment as standard, if 
possible. 

Epitor’s Notre: Acknowledgment is 
made to the following companies for 
assistance in furnishing information 
and photographs for this article: Au- 
dubon Wire Cloth Co., Inc., Audubon, 
N. J.; The E. F. Hauserman Co., Cleve- 
land, Ohio; David Lupton’s Sons Co., 
Philadelphia, Pa.; Lyon Metallic Mfg. 
Co., Aurora, III.: The Mills Co., Cleve- 
land, Ohio; The Sanymetal Products 
Co., Cleveland, Ohio; Van Dorn Iron 
Works, Cleveland, Ohio; Henry Weiss 
Mfg. Co., Atchison, Kan. 

In giving credit to the manufacturers 
who had co-operated in furnishing in- 
formation and photographs for the arti- 
cle on, “Shelves and Racks in Industrial 
Storerooms,” which appeared in the De- 
cember, 1924, issue of INDUSTRIAL ENGI- 
NEER, the name of David Lupton’s Sons 


Company, Philadelphia, Pa., was inad- 
vertently omitted. 
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Windings Having 
One Coil Per Slot 
(Continued from page 22) 


Fig. 7 shows an involute type of 
one-coil-per-slot winding. The name 
comes from the V-shape or involute 
character of the coil ends. Another 
illustration of the involute winding 
is shown in Fig. 8. The principal 
advantage of this winding is that all 
coils are of the same size and shape 
and that they require a compara- 
tively small space for the coil ends. 
This type has the disadvantage, how- 
ever, that due to the large number of 
relatively sharp bends, the coils are 
difficult to insulate and assemble in 
the armature. 

Figure 9 shows an involute wind- 


_ poles. 
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ing used on a three-phase rotor for 
an induction motor. This rotor has 
180 slots with 90 coils forming ten 
There are (10 X 3) +2=15 
dupole-phase groups having six coils 
each. Inspection of Fig. 9 will show 
that one side of a coil is longer than 
the other. In the group of six coils, 
the six long coil sides form one pole 
while the six short sides form an- 
other pole. 

All of the windings that we have 
considered have been lap-wound, sin- 
gle-layer, half-coiled or consequent- 
pole windings, having only one coil 
per slot. In an early issue, we will 
take up one-coil-per-slot windings 
such as are used in turbo-generators 
and one-bar-per-slot windings as 
used in large motors carrying heavy 
currents. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 


to the manufacturer whose name and 


are mentioned. It 


writing 
is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Link-Belt Company, 300 West Pershing 
Road, Chicago, Ill.—Book 580, en- 
titled “Link-Belt Electric Hoists and 
Overhead Traveling Cranes” illus- 
trates the construction and operation 
of the various types of Link-Belt 
equipment and gives dimensions of 
the various capacities and types. 


The Truscon Laboratories, Detroit, 
Mich.—A 33-page booklet illustrated 
with 19 photographs and sketches and 
entitled, “Science and Practice of In- 
tegral Waterproofing,” tells in a 
simple and popular manner why con- 
crete is porous and how it absorbs 
moisture, and explains the action of 
the various Truscon repellant water- 
proofing compounds. 


The Automatic Reclosing Circuit 
Breaker Company, Columbus, Ohio.— 
Bulletin 314 describes the various au- 
tomatic reclosing circuit breakers of 
the switchboard type, and auxiliary 
relays for the protection of direct- 
current circuits. A complete descrip- 
tion, including dimensions and specifi- 
cations with illustrations, is given 
for each of the various types. 


Spaulding Fibre Company, Tonawanda, 
N. Y.—A 48-page booklet describes 
the numerous fibre products produced 
by this company, including Spaulding 
Bakelite-Duresto which may be sup- 
plied in sheets, tubes or rods for 
electrical purposes. 


The American Transformer Company, 
Newark, N. J.—Bulletin 1030 de- 
scribes several different types of in- 
dustrial transformers for special pur- 
poses, such as 50, 000-volt testing 
transformers, transformers for re- 
sistance heating, brazing and welding 
machines, furnace transformers, 
rivet-heating transformers, reactance 
coils, and ozone transformers. 


W. A. Jones Foundry and Machine Com- 
pany, 4401-51 West Roosevelt Road, 
Chicago, Ill.—Catalog 31 entitled, 
“Jones Power Transmission Machin- 
ery,” covers shafthangers, pillow- 
blocks, couplings, collars, belt tight- 
eners and similar items. Catalog 32 
entitled “Jones Sprocket Wheels and 
Chain Belting” covers a full line of 
sprocket wheels and chain belting as 
well as chain tighteners, elevator 
boots, buckets, head wheels and simi- 
lar equipment. Both catalogs are 
well illustrated, and list prices, tabu- 
late dimensions and give complete 
specifications on all items. 


Roeper Crane and Hoist Works, Inc., 
1720 North Tenth St., Reading, Pa.— 
Form 112 describes the Roeper (for- 
merly Reading) electric, Type R hoist 
with spur gear and worm drive; the 
capacity is from 500 to 4,000 Ib. 
These hoists are single-speed, cord- 
controlled. 


Black and Decker Manufacturing Com- 
pany, Towson, Md.—Recent literature 
describes a new Black & Decker No. 
3 reversible socket wrench and also 
the No. 2 electric tapper. Announce- 
ment is also made of a special 6-in. 
drill grinder. 

General Electric Company, Schenec- 
tady, N. Y.—A 12-page booklet, Y- 
2019, describes the new Type A, 
welding electrode, gives details of the 
construction and characteristics and 
instructions for its use. Numerous 
tests on welding cast-iron specimens 
and on deposited metal specimens are 
described. 

Pittsburgh Transformer Company, 
Pittsburgh, Pa.—Bulletin 2035, de- 
scribes the construction and other 
features of Pittsburgh single-phase 
and polyphase power transformers. 


47 


Alexander Brothers, 14 South Street, 
Philadelphia, Pa.—A folder describes 
“Tentacular” suction belt which con- 
sists of oak-tanned leather belting to 
the underside of which are attached 
narrow, longitudinal strips, specially 
made of soft and spongy chrome- 
tanned leather. These are held in posi- 
tion by means of hollow rivets. It is 
claimed that the depressions or hem- 
ispherical pockets in the strip, having 
the inside of the hollow rivet as a 
body, act as suckers during use and 
cause adhesion of the belt on the pul- 
ley. This booklet describes other ad- 
vantages obtained from the belting, 
the amount of power transmitted and 
gives formulas and other data for 
computing the belting required. 

The Bryant Electric Company, 1421 
State Street, Bridgeport, Conn.—A 
202-page catalog entitled “Superior 
Wiring Devices” covers the complete 
line of Bryant supplies. 

Renovatol Company, Mascher and Tur- 
ner Streets, Philadelphia, Pa.—A cir- 
cular describes “Renovatol” which is 
used to remove oil, grease or water 
from leather or canvas belts while 
operating at full load, and without 
removing the belt from the pulley. 

Chas. A. Schieren Company, 30-38 Ferry 
Street, New York, N. Y.—A folder 
describes Duxbak leather belting, 
shows an unusual installation and 
also gives list prices. 

Hasler-Tel Company, 461 Eighth Ave- 
nue, New York, N. Y.—A folder de- 
scribes the Hasler speed indicator 
which can be used to find the revolu- 
tions per minute or surface speed in 
feet pa minute directly and without 
calculation, as is ordinarily necessary 
when a watch is used. 

The Esterline-Angus Company, Indian- 
apolis, Ind.—Bulletin 1024 entitled 
“Graphic Instruments in the Pulp and 
Paper Industry” shows some of the 
numerous advantages and applica- 
tions of such equipment in this indus- 


try. 

The Hullhorst Micro Tool Company, 
Toledo, Ohio.—A folder describes the 
Hullhorst mica undercutting machine, 
in both portable and lathe types for 
industrial plants and its No. 10 size 
for manufacturers of armatures and 
commutators. Special attention is 
given to the disc-type mica cutters 
which are made % in. or & in. in 
diameter and in various thicknesses. 

Foote Bros. Gear and Machine Com- 
pany, 236-246 North Curtis Street, 
Chicago, Ill.—Catalog 25, entitled 
“Foote IXL Speed Reducers,” is a 
79-page book, which contains a com- 
plete description of the construction 
of the different types of spur- and 
worm-gear speed reducers and shows 
the type of reduction to which each 
is best adapted. Bedplate castings 
for mounting speed reducers and 
motors and several types of flexible 
couplings are also described, listed 
and priced. A large variety of in- 
stallation are illustrated. 

J. Struthers Dunn, 1109 Race Street, 
Philadelphia, Pa.— A leaflet describes 
a new style of relay and resistance 
designed for pressure and tempera- 
ture control and so arranged that 
contact is made but never broken on 
the primary contact. These relays 
are designed for all voltages from 6 
to 220 volts and will carry and break 
20 amp. with a magnet coil that takes 
from 8 to 10 watts. 
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The Sterling Varnish Company, Pitts- 
burgh, Pa.—A reprint of a series of 
five articles on “Insulating Var- 
nishes” which were published in In- 
DUSTRIAL ENGINEER during 1924, has 
been prepared in pamphlet form and 
is ready for distribution. These ar- 
ticles were designed to appeal to the 
average shopman and describe in a 

ractical, non-technical manner the 
est ways of applying insulating var- 
nishes to obtain given results. 

Revolvator Company, 336-352 Garfield 
Avenue, Jersey City, N. J.—A circu- 
lar entitled, “How to Pile,” illus- 
trates and describes the advantages 
of piling boxes, cases, barrels, hogs- 
heads, bales, crates, as well as 
bundles and packages, by special 
equipment designed for that purpose. 


Crouse-Hinds Company, Syracuse, N. V. 
Folder 20 describes a line of safety 
switch condulets, tumbler type. 


Pyott Foundry Company, 328 North 
Sangamon Street, Chicago, Ill.—A 
folder describes the line of Pyott 
hangers, bearings and hanger boxes 
and “red face“ cast-iron pulleys and 
flywheels. : 


Standard Conveyor Company, North St. 
Paul, Minn.—Catalog 2 entitled 
“Wherever Conveying Is Done,” illus- 
trates a wide variety of Standard ap- 
plications of conveying equipment in 
a number of industries. 


Gifford-Wood Company, Hudson, N. Y. 
—Bulletin 24-A describes the con- 
struction and use of the portable 
flight conveyor for loading or elevat- 
ing loose material. This may be 
driven by either motor or gasoline 
engine. 

General Electric Company, Schenectady, 
N. Y.—Leaflet 67735-1 describes au- 
tomatic switching equipment for sec- 
tionalizing and reclosing service on 
275 volt d.c. mining and industrial 
service. This equipment eliminates 
general shut-downs caused by over- 
loads as, in case of trouble, only the 
affected section is disconnected. As 
soon as the cause of trouble has been 
removed that section may be restored 
to service. 


Weston Electrical Instrument Company, 
Newark, N. J.—A_ 100-page booklet 
entitled, “Electrical Testing in Indus- 
try” covers in a thorough way the use 
of testing equipment and the neces- 
sity, advantages and results which 
might be expected from making tests. 
This booklet was written by E. S. Lin- 
coln, consulting electrical engineer, 
and discusses the subject purely from 
a practical operating standpoint. 
Numerous diagrams and methods of 
connection are illustrated as well as 
practical suggestions on overcoming 
the many difficulties which come up 
in conducting a test. 


Norton Company, Worcester, Mass.—A 
monthly circular entitled Norton 
Floors” describes numerous Norton 
installations. These floors are built 
especially to resist wear by using 
Alundum aggregate embedded in the 
concrete to a depth of approximately 
1% in. | 

Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa.— 
Circular 1705, entitled, “CL Carbon 
Circuit Breakers for Industrial Ap- 
plications,” describes equipment de- 
signed for use on 250-volt industrial 
systems and gives several new fea- 
tures in breaker design which have 
been incorporated in this new protec- 
tive device. 
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Wagner Electric Corporation, St. Louis, 

` Mo.—Bulletin 134 describes the Fynn- 
Weichsel motor, shows its construc- 
tion and explains how it is able to 
correct power factor. 


Condit Electrical Manufacturing Com- 
pany, South Boston, Mass.—Indus- 
trial handbook 5005 covers a line of 
Condit safety air circuit breakers, 
oil switches, oil motor-starters, serv- 
ice switches and includes several 
handy tables as well as Underwrit- 
ers’ motor rules. This book also con- 
tains a description of the new Type 
N-4, manually-operated, oil motor- 
starter. This has overload protec- 
tion, but is non-automatic. . 


Monitor Controller Company, Baltimore, 
Md.—Bulletin 106 describes the Mon- 
itor thermaload starter for small al- 
ternating-current motors. This is 
made in the automatic type, which 
may be arranged to permit control of 
the motor from a number of points, 
and also in a manually-reset type by 
which a motor may be stopped from 
a number of positions but started 
only from certain stations. Complete 
instructions for operation are in- 
cluded in addition to the description 
of the apparatus. 


Chandler Machine Company, Ayer, 
Mass.—A booklet entitled, Why Not 
Deposit a Part of Your Power Bill?” 
describes the construction, installa- 
tion, lubrication and application of 
Chandler roller bearings for line- 
shafts and countershafts. 


Lyon Metallic Manufacturing Company, 
Aurora, Ill.—Bulletin 209-B is a 
handbook of types and installation 
details for steel lockers. Consider- 
able attention is paid to construction 
details and specifications of the vari- 
ous types. large number of illus- 
trations show how these may be used. 
Bulletin 104-A shows the various 
types of steel shelving, how they are 
constructed when shipped knocked- 
down and a number of the various 
combinations of shelving and drawer 
space which may be constructed from 
them. Bulletin 107 shows the com- 
mercial type of Lyon steel shelving. 


Benjamin Electric Manufacturing Com- 
pany, 847 West Jackson Boulevard, 
Chicago, III.— Bulletin 52 entitled, 

. “Benjamin Industrial Lighting Equip- 
ment,” in addition to describing and 
listing as well as pricing the various 
industrial and outdoor lighting 
equipment and devices, devotes sev- 
eral pages to lighting data and gen- 
eral information of interest to those 
who may be planning a lighting in- 
stallation. Particular attention is 
called to the “Ben-ox” interchange- 
able devices, such as ceiling units, 
sockets, connectors, shade holders 
and reflectors for commercial and in- 
dustrial lighting units which permit 
the quick removal of units for clean- 
ing or for changing. 

Sundh Electric Company, Inc., 5 Avenue 
C, Newark, N. J.—Bulletin 18 en- 
titled, “Sundh Electric Control for 
Tire Pumps,” describes the manual, 
automatic and combined types of con- 
trol. This booklet also gives the 
regulations of the National Board of 
Fire Underwriters and the amend- 
ments adopted by the National Fire 
Protection Association. 


The Foxboro Company, Inc., Foxboro, 
Mass.—Bulletin 96-1 describes the 
various indicating and recording 
pressure and other gages manufac- 
tured. A special bulletin illustrates 
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the operation of the helical tube 
‘movement for controlling the record- 
‘ing device. 

E. H. Freeman Electric Company, Tren- 
ton, N. J.—Catalog 8 includes a com- 
plete line of wiring devices, such as 
sockets, receptacles, rosettes, panel 
switches, plug and fuse cut-outs and, 
other devices. Special charts of the 
interchangeable porcelain and glass 
shell line of sockets show the special 
bodies, caps and bases and gives a 
combination number for each of the 
various combinations. 


Palmer Electric and Manufacturing 
Company, 175 Fifth Street, Cam- 
bridge, Mass.—Bulletin M-57 de- 
scribes the universal service and in- 
dustrial safety switch which receives 
the Underwriters’ Classification AA. 
This has a special fuse cover which 
may be opened for changing fuses 
only when the switch is “off.’ 


Ward Leonard Electric Company, Mount 
Vernon, New York.—Bulletin 57-re- 
vised describes and gives prices for 
the Vitrohm fractional horsepower 
armature speed controllers with an 
embedded resistor of fully enclosed 
type or of exposed contact type. Bul- 
letin 58 describes the fractional 
horsepower starter with no-voltage 
protection for direct current motors. 
These are made for 115- and 230- 
volt motors rated from 50 to % hp. 


American Blower Company, Detroit, 
Mich.—Bulletin 1613 describes the 
Ventura disc fans of standard stock 
sizes and types, gives their construc- 
tional features and application. These 
are pulley or motor-driven. Bulletin 
1002 gives the standard stock sizes 
and type of Sirocco fans and utility 
blowers. 


G. & W. Electric Specialty Company, 
Inc., 7440 South Chicago Avenue, Chi- 
cago, III. -A special folder describes 
the Types F and M underground dis- 
tribution boxes for voltages up to 600 
and the Type C box for voltages up 
to 15,000. ese underground boxes 
are of standard construction. All 
boxes are given a 5-Ib. air test which 
shows them waterproof. 


Crouse-Hinds Company, Syracuse, N. Y. 
—Bulletin 2055 illustrates, describes 
and gives prices on the various types 
of Arktite circuit-breaking plugs and 
receptacles. In these the are formed 
by pulling the plug is completely 
confined in a chamber of insulating 
material and it is impossible to form 
a short circuit or ground. 


Albert and J. M. Anderson Manufac- 
turing Company, 289 Eighth Street, 
Boston, Mass.—A bulletin describes 
the bus-bar or flat metal bender 
which is made in three sizes to take 
flat stock from %-in. to %-in. thick 
and up to 10 in. wide. This bender 
is held in a vise and will bend up to 
an angle of 90 deg. 


Allen-Bradley Company, 491 Clinton 
Street, Milwaukee, Wis.—Bulletin 
600 shows by charts the operation 
and various advantages claimed for 
the alternating current resistance 
starter. 

St. 


Chandeysson Electric Company, 
Louis, Mo.—A group of bulletins de- 
scribes the direct current motors and 
slip ring and squirrel cage alternat- 
ing current motors of 1 to 100 hp., 
motor generator sets of 1 to 75 k.w. 
and electro-plating generators and 
motor-generator sets from 25 to 
15,000 amp. 
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The above picture is one of five Chicago Belting 3-ply Reliance main drive belts each of which is ) 
72 inches wide, in five mills in one plant of a large cement mill. These belts were installed in 
1904 and in the opinion of their superintendent are in good condition today with years of service 
ahead of them. So far they have lasted 21 years. In the cement industry one out of every two © 
plants in the United States are extensive users of Chicago Belting belts. 


The belting used by 
“BIG BUSINESS” 


HE largest manufacturing institutions in most every industry are 

buying a much better-than-average type of leather belting. They 
are securing belting that is at least 25% better than the best belting 
of 10 to 20 years ago. The belting they use is not only better in 
most every way but it lasts longer and saves power and money. 


This belting used by “big business” is Chicago Belting leather 
belting made by the pre- tested method which method is believed 
by many large buyers of belting to be the most notable advance- 
ment of this century in leather belting. 


A complete description of this advanced and economical type of 
belting will be sent to any belt user upon request. It may mean a 


(Upper Picture) Chicago Belting Sea Lion belts on wet material saving to you in your belt purchases and also will give you 
of a paper machine in one of the big paper mills. In a marked increase in the efficiency of your belt transmission. 

the pulp and paper industry where production is all impor- 

tant, Chicago Belting belts are used extensively. ö a a ` i 

(Lower Picture) This is a picture of the interesting Mor- Ch Í | C 

gan Drive in the steel industry. The four big belts going Hicago e ting | oompany 

over one pulley are all Chicago Belting Reliance brand Borer no Manufacturer of atherBelting 12s scars 

3-ply belts. Most of the large manufacturers of steel in the —— 113 oan Sery ea — 


United States are regular users of Chicago Belting belts. 
B It | 8 
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Centrifugal Pumps 
Mining Machinery 


Type “AR” Induction Motors 
drive woodworking tools 
The illustrations show Allis-Chalmers Type 
“AR” Induction Motors driving working tools in PRODUCTS: 
the plant of the Watsontown Door & Sash Co., Electrical Machinery 
Watsontown, Pa. . Enau 
Steam Turbines 
These motors are of the all-steel frame con- | Oil Engines | | 
struction, making them extremely rugged. se haere ae | 

The method of ventilation results in even Metallurgical Machinery | 
cooling and avoiding hot spots. Gen Wines 
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Thanks! 
Many Thanks!! 


You’re a Lot of Good 
Fellows and Just the Kind 
I Like to Work With 


RECEIVED a lot of Christmas 

and New Year cards this year, 
wishing a Merry Christmas and a 
Happy New Year in the good old- 
fashioned way. All of these touched 
the spot far above where I keep my 
change and made me feel that, al- 
though Santa did not bring me a sal- 
ary increase, I am rich in a thing 
that money cannot buy: namely, lots 
of honest-to-goodness friends. 

A message I received from M. B. 
Urquhart of Denver, Colo., struck 
me as something good and sort of 
told me that Urquhart must be a 
good scout. His message was headed 
“Fellowship” and read: 


It’s a great thing, O my brothers, for a 
feller just to lay 

His hand upon your shoulder in a 
friendly sort of way! 

It makes a man feel queerish, it makes 
the teardrops start, 

An’ you sort o' feel a flutter in the region 
of the heart; 

You can’t look up and meet his eyes: 
you don’t know what to say 

When his hand is on your shoulder ina 
friendly sort of way! 


It’s a great thing, O my brothers, for a 
feller just to lay 

His hand upon your shoulder in a 
friendly sort of way! 

For the world's a curious compound 
with its honey and its gall, 

With its care and bitter crosses; but a 
good world after all; 

An’ a good God must have made it— 
leastways, that is what I say. 

When a hand is on my shoulder in a 
friendly sort of way! 


Hundreds of you fellows who have 
read my stuff during the past three 
vears have laid a hand upon my 
shoulder in just this friendly sort of 
way in the nice things you have said 
in your letters about me and the 


paper I am associated with. To all 
of you I want to express my appre- 
ciation and simply say that if you 
like my stuff as well as I like to know 
that you like it, we’re even. Some of 
you have said a lot and some just a 
word or two, but I have seen every 
comment and hereby acknowledge all 
of them with special thanks to the 
following: 

Nicholas J. Weiss who said: “I 
wish to take this occasion to thank 
Practical Pete and the rest of the 
gang out in Chicago for their effi- 
cient, faithful and last, but not least, 
helpful service through what I may 
christen The Practical Man’s Friend 
—INDUSTRIAL ENGINEER. May I ex- 
tend my heartiest good wishes for a 
Merry Christmas and a prosperous 
New Year.” 

C. Otto von Dannenberg, who 
said: “Tell Practical Pete that IN- 
DUSTRIAL ENGINEER is becoming a 
veritable treasure trove of useful in- 
formation.” 


H. J. Achee, who said: “I have 
subscribed to lots of electrical and 
mechanical magazines but INDUS- 
TRIAL ENGINEER is the best of them 
all by a large majority.” 

H. G. Lechner, who said: “I like 
the manner in which the various ar- 
ticles, in INDUSTRIAL ENGINEER are 
written. They make you feel as if 
you were solving the problems with 
the writer.” 

Ira A. Bledsoe, who said: “I take 
pleasure in recommending INDUs- 
TRIAL ENGINEER to my friends.” 

B. R. Glasscock, who said: “I am 
interested in motor installations and 
details of plant equipment as pre- 
sented in INDUSTRIAL ENGINEER. 
Practical Pete is always good.” 

A. B. Lang, who said: “I am 
pleased with the service you give 
through INDUSTRIAL ENGINEER. It 
is a paper I would not be without.” 

C. E. Christoff, who said: “I have 
been a subscriber to INDUSTRIAL EN- 
GINEER for two years and I would 
not do without it if I could possibly 
get it.” 

W. J. Schaffer, who said: “I am 
very much impressed with Practical 
Pete, but INDUSTRIAL ENGINEER is 
good all the way through.“ 

W. H. Lewis, who said: “I am in- 
terested in the practical departments 
and anything by Practical Pete.“ 

T. J. Frayno, who said: IN DUS- 
TRIAL ENGINEER is the most practi- 
cal magazine I have ever been able 
to get and I have tried them all.“ 

That's enough! All of the rest of 
you said something equally nice to 
hear and I acknowledge your letters 
with blushes, for you have done 
yourself proud with appreciation 
that merits more hard work and just 
the best that in me lies. That you 
are going to get during 1925. 


G CAT 
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What Maintenance Includes 


and How It Is Handled 


In the Groton and Cortland (N. Y.) Plants of 
The Corona Typewriter Company, Together With 
Details of the Work Done and of the Organization 


That Is Required 


By C. D. CORWIN 


W orks Engineer, Corona Typewriter Co., 
Inc., Groton, N. Y 


HE maintenance organization 

l in a mill or factory should be 
responsible for all lines of 
work, in the entire plant, on which 
efficient operating conditions depend. 
This may at first appear to be a very 
broad statement, but any production 
man knows to what an extent condi- 
tions of machinery, equipment, etc., 
affect his output and where the re- 
sponsibility for proper working con- 
ditions is divided between several 
heads, there is always a great ten- 
dency to pass the “buck.” The 
chief electrician can best handle 
all electrical equipment. The master 
mechanic can best handle all other 
equipment. In using the title mas- 
ter mechanic, I refer to a man who 
has practical experience and the bet- 
ter man he is if he has had a tech- 
nical training. When the size of the 
plant demands it, there should be 
various divisions of the work han- 
dled, each with its foreman. For in- 
stance, machinery maintenance, tool 
maintenance, building maintenance, 
factory equipment maintenance, 
safety work, and so forth. Not all 
of the work of a maintenance organ- 
ization can be strictly classified as 
electrical or mechanical for there is 
much important work that arises 
which calls for a knowledge of fac- 
tory operation and plant construc- 


tion. This work usually involves im- 
portant changes, such as relocation 
of pipe lines and machinery to better 
facilitate routing of work. The main- 


C. D. Corwin, Works Engineer, Cor- 
ona Typewriter Company, and 
President and Manager of the Cor- 
ona Building and Improvement 
Company. His maintenance force 
is shown on the opposite page. 


Maintenance Shops at Groton, N. Y. 
Works of Corona Typewriter Com- 
pany. 

The photograph at the left shows the 
electrical shop and the one at the right, 
the millwrights’ headquarters. These 
shops are adjoining. 
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tenance organization should also 
have information on various types of 
roof coverings, concrete floors, re- 
moval of obnoxious fumes and 
wastes, etc. 

Maintenance and plant operation 
require men of practically every 
trade with the possible exception of 
paper-hangers and stonesetters. The 
man in charge of maintenance and 
plant operation should be broad- 
gaged, for he has as his main duties 
the selection and organization of the 
proper men to handle the many di- 
versified problems which go to make 
up maintenance. He should so or- 
ganize his force as to properly and 
efficiently operate the plant and to 
maintain all of it in first-class con- 
dition at all times. He should secure 
the confidence and co-operation of the 
men under his charge, to the end 
that every individual will have the 
company’s interest at heart, and will 
be on a constant lookout to render 
better service to all departments. He 
should establish a suitable inspection 
routine in order to anticipate fail- 
ures and to make the necessary re- 
pairs and adjustments before serious 
breakdowns can occur. Time spent 
on conscientious inspection and pre- 
vention of interruption to production 
pays big dividends and money may 
be saved and considerable lost time 
prevented by such regular inspec- 
tion. 

In the plants of the Corona Type- 
writer Company at Groton and Cort- 
land, N. Y., the following repairs are 
handled by the maintenance depart- 
ment : 


(1) All repairs to buildings and 
building equipment, including 
roofs, floors, heating and venti- 
lating systems, plumbing sys- 
tems, water system, gas system, 
compressed air system, sprinkler 
system. 

All transmission equipment, such 
as shafting, countershafts, belt- 
ing, bearings, etc. 


(2) 
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Foreman of 
Millwright Dep't 
Groton Works 


Power House 
Firemen & Helpers 


Janitor 
Foreman 


(3) All water systems, gas, steam 
and compressed air systems, with 
the various equipment operated 
in connection with these systems. 


All electrical equipment, includ- 
ing motors, switches, electric 
ovens, electric heat-treating 
ovens, etc. 


(4) 


(5) 


All sheet-metal work, carpenter 
work and painting work. 

The number of men employed var- 
ies over a wide range. This is due to 
the fact that it is the policy of our 
company to handle practically all of 
its own construction work of any na- 
ture whatsoever. This work has 
varied from the taking down and re- 
wuilding of a 120-ft. steel stack to 
the complete designing and construc- 
tion of a modern steel-frame, brick- 
veneered manufacturing building 
vontaining about 50,000 sq. ft. of 
iloor space. During new construc- 
tion such as just mentioned, the num- 
ber of men employed has run as high 
as 160. Ordinarily, we employ but 
nine millwrights in the Groton 
works. These men have been trained 


Watchmen &. 


Chief 
Electrician Fire Preven 


Safety 


Organization of the maintenance 
department showing the divisions 
of the work headed by foremen. 


so that they can handle practically 
any type of work which may arise. 
Naturally some are more expert than 
others and are, therefore, given a 
better class of work. 

Two electricians handle the elec- 
trical work and we have five carpen- 
ters regularly employed in our pro- 
duction department, who are subject 
to call in case their services are re- 
quired. 

Our janitor department consists 
of a foreman and ten janitors. We 
also have two night watchmen and 
one day watchman, with two elevator 
operators. During the summer 
months, one day and one night fire- 
man are employed, while during the 
heating season a helper is required 
during about one-half of each day. 

Steam is generated for industrial 
and heating purposes and, during 
the heating season, for operating an 
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air compressor. Our power is pur- 
chased from the New York State 
Gas and Electric Corporation, whose 
station is about 16 miles away. 
At our Cortland plant, we employ 
a millwright foreman, who has suf- 
ficient knowledge of electricity to 
take care of minor repairs, while the 
major repairs for this plant are 
taken care of at our Groton works. 
For any major electrical construc- 
tion work our chief electrician is 
sent to Cortland and the men at 
Cortland work directly under his su- 
pervision. The millwright foreman 
at the Cortland plant has six men, 
and the janitor work at the plant is 
taken care of by the services of two 
men, while a small amount of it is 
handled by the night watchman. ~ 
The firing of the low-pressure 
boilers at the Cortland plant is also 
taken care of by men working di- 
rectly under the millwright foreman. 
In our millwright department at 
Groton are a heavy-duty and light- 
duty drill press, tool grinder, squar- 
ing shears, rolls, crimpers, beaders 
and forge, while the electrician has a 
lathe and drill press. Any new work 
of great refinement is taken care of 
in our tool room by the tool makers. 
Service is the watchword of every 
employee in the maintenance depart- 
ment and in doing their work they 
come across many things that are 
either taken care of immediately or 
reported back to their foreman. 
(Please turn to page 110) 
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Representative Examp les of 


Changes in Mechanical 


and Electrical Equipment 


Which Have Been Made During the Past Year by 
Readers of Industrial Engineer, Together with the 


Reasons Therefor 


plants more or less radical 

changes in the kind and type of 
equipment used are constantly tak- 
ing place. There are several rea- 
sons for making such changes, al- 
though the necessity of producing 
goods at the highest possible effi- 
ciency in order that the resultant low 
costs may enable competition to be 
successfully met, is one of the most 
important reasons. 

In the same manner continuity of 
operation, which means freedom 
from delays and shutdowns that in- 
evitably cause annoying and perhaps 
serious losses of production, is like- 
wise of great importance. It is often 
the deciding factor when alterations 
in equipment are contemplated or 


[= PRACTICALLY all industrial 


new equipment of any kind is to be 
selected. 

Low operating and maintenance 
costs are considerations which 
frequently influence the decision of 
the operating man in favor of a par- 
ticular type or make of equipment, 
or method of drive, control or opera- 
tion. The desire to obtain lower op- 
erating and maintenance costs may 
cause him to replace existing equip- 
ment or methods with others which 
seem to offer worth-while advan- 
tages in these respects. 

Manufacturers of industrial equip- 
ment of all kinds spend yearly large 
sums of money in their efforts to 
meet the insistent demand for equip- 
ment which will make possible 
greater production at lower unit 


Vol.83, No.2 


àz 


7 = a ~- * 
è * 

Dein 
ya nr 


1 
eee 
1 ** 2 
— 
| 8 


nenn 


costs. As a result of this study and 
effort new designs of equipment are 
constantly being brought out. The 
character and extent of these new 
developments which have been made 
during the past year are outlined in 
other leading articles in this issue of 
INDUSTRIAL ENGINEER. 

In consequence of this continual 
evolution of new and better devices 
a good deal of equipment becomes, 
within a few years, more or less ob- 
solete in the sense that later designs 
offer improved operating character- 
istics of one sort or another that 
make for greater all-around effi- 
ciency. 

The following comments by oper- 
ating men on the changes which were 
made during the past year in the 
plants under their control are repre- 
sentative in that they show the kind 
of changes that are constantly be- 
ing made in industrial plants. 

These comments are an index to 
the kind of thinking that is being 
done by those who have the impor- 
tant responsibility of keeping pro- 
duction going at the maximum rate 
by selecting equipment that is suited 
to the operating conditions and main- 
taining it at the top-notch of effi- 
ciency through the medium of well- 
organized inspection and repair 
methods that are properly and con- 
sistently carried out. 
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H. D. Fisher, Plant Engineer, New 
Haven Pulp and Board Company, New 
Haven, Conn.—During the past 18 
months we have installed individual 
motors on all jordans, driving them di- 
rectly through flexible, telescopic coup- 
lings, as shown in Fig. 2, and on beat- 
ers driven in pairs by silent chains. 
These individual drives replaced two 
group drives, one driven by a Corliss 
engine and the other by a 400-hp. mo- 
tor. The advantages sought were: To 
eliminate belt trouble and the resultant 
expense; to increase reliability of op- 
eration by confining trouble to single 
units; and saving of power by mak- 
ing it possible to shut down units which 
were not needed. 

Smaller machines, taking up to 6-in. 
or 8-in. belts, which are near to each 
other and operate together are driven 
in groups to reduce the number of small 
motors, control equipment and wiring 
to be cared for. However, small ma- 
chines which are somewhat isolated, 
nnd particularly those which are not in 
continuous use, are individually motor- 
driven. ; 

We have not gone extensively into 
the use of ball bearings, as the heavy 
patterns required for our work would 
be very expensive and the possible sav- 
ings in friction load comparatively 
small. Further, until our men are more 
familiar with the signs which these 
bearings give of impending trouble we 
fear that we would have a dispropor- 
tionate number of failures. We attri- 
bute the rather excessive trouble with 
those which we now have to the fact 
that incipient trouble is not recognized 
and remedied before it becomes seri- 
ous. 

We have devoted a good deal of at- 
tention to improving our methods of 
handling materials, especially from 
vessels. Fig. 1 shows the elevated run- 
way leading into the pulp storage shed, 
and a lowered part of the landing plat- 
form which is set at the height of one 
bale above the level of the platform 
of the electric lift truck, so that the 
first layer of bales is rolled down onto 
the platform, the next layer is placed 
directly on top of these and only the 
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CHANGES IN PRODUCT and in 
manufacturing processes are of 
frequent occurrence in industrial 
works and bring about correspond- 
ing changes in the equipment used 
all along the paths of power serv- 
ice in all departments. Many other 
changes are the results of the 
necessity or desire to secure greater 
efficiency and reliability in the 
distribution of the power em- 
ployed. In order to determine the 
character and extent of these 
changes in representative plants, 
readers of INDUSTRIAL ENGINEER 
were asked to tell (1) what 
changes were made during the 
past year in the equipment used in 
their plants, for the distribution or 
application of electrical or me- 
chanical power. (2) Changes 
which are contemplated but have 
not yet been made. (3) Changes 
which are considered desirable, 
but have not been definitely 
planned. 

In this article are given some 
typical reports by readers of IN- 
DUSTRIAL ENGINEER who are in ac- 
tive charge of plant operation and 
maintenance. These reports indi- 
cate clearly the thinking that is 
being done by operating and 
maintenance men. 


top layers have to be lifted. By the 
use of a double-drum hoisting engine 
with the load line led from the derrick 
boom so as to swing it in over the 
platform, and a guy line to a block on 
the vessel and back to the other drum, 
the hoist operator can control to a 
nicety the landing of the bales. 

Our biggest savings have been made 
in coal- and ash-handling equipment. 
Coal is stocked by the belt conveyor 
equipment shown in Fig. 3, the inclined 
conveyor swinging on a pivot so as to 
cover the whole yard. Owing to its 
ability to dispose of coal as fast as it 
is unloaded, this conveyor has reduced 
the unloading time about 50 per cent 
and cut the cost about 30 per cent. A 
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steam- jet ash conveyor has been re- 
placed by a drag chain and bucket ele- 
vator, thereby redueing the peak load 
on the boilers by about 200 hp., with a 
considerable saving in coal. This out- 
fit has also greatly reduced the amount 
of dust given off from the ashes as 
these c now be wet down, whereas 
oper they had to be handled dry. 
Repair expense has likewise been re- 
duced, as with steady use the pipe of 
the steam- jet conveyor, especially the 
portion just beyond the nozzles required 
frequent replacement. On the other 
hand, after many months of service the 
chains and troughs of the present equip- 
ment do not show serious wear. 

The most serious problem under con- 
sideration at the present time is that of 
obtaining improved heat balance, in- 
creasing the amount of dryer surface 
so as to eliminate the necessity of us- 
ing live steam in the dryers and also to 
reduce the number of direct steam- 
driven auxiliaries and increase the effi- 
ciency of those which are absolutely 
necessary so that there will be no ex- 
cess of exhaust steam above that re- 
aquired for paper drying. This usually 
means the substitution of motors, as 
the development of 1 hp. in the main 
unit requires only about one-third of 
the steam that it does in the case of a 
small turbine running on a throttling 
governor. 

Most changes must be pretty care- 
fully planned in order to be sure that 
the expenditure will be justified and 
be commercially profitable. As a gen- 
eral proposition, I believe that the sub- 
stitution of Corliss or other automatic 
cut-off engines for plain slide-valve. 
variable-speed engines; remodeling of 
boiler rooms with stokers adapted to 
burn a wide variety of coals, particu- 
larly the poorer grades; higher steam 
pressures with superheat; and the use 
of direct-drive motors with flexible 
couplings on all rotating apparatus, of- 
fer the best field for future progress. 

* * X * 


Philip C. Jones, Electrical Engineer, 
The Goodyear Tire and Rubber Com- 
pany, Inc., Akron, Ohio. — During the 
past year and a half we have changed 
our motor specifications so as to require 
ball bearings on all motors under 25 
hp. rating. We have been experiment- 
ing with ball bearings for six or seven 
years, and the step we have now taken 
is in line with the results of our expe- 
rience. 

A very high percentage of motor re- 
pairs was found to be, directly or indi- 
rectly, due to bearings. Much of the 
rewinding done was made necessary by 
rotors rubbing on the stators, due to 
low bearings. or to oil-soaked windings, 
due to careless oiling. With grease- 
filled ball bearings we find we elimi- 
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Fig. 1—The landing platform is 
arranged for easy handling of the 
raw material by electric truck. 


The raw material is delivered in th 
form of bales bv boat onto a landing 
platform, part of which is lowered to 
the height of a bale on the platform of 
the electric truck, bv which it is taken 
to storage. The first layer of bales can 
thus be rolled directly onto the plat- 
form of the truck, the next laver is 
placed on top of these and only the top 
layers have to be lifted. 
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nate a lot of this trouble as well as 
diminish our oiling expense. 

We have made no radical changes in 
types of motors or controls. The ten- 
dency is toward a greater use of d.c. 
motors. With the increasing use of in- 
dividual drive and machine operation, 
speed adjustment becomes increasingly 
desirable which, at the present time, 
means the use of dc. motors. 

We generate all our energy and do 
not contemplate doing otherwise. In a 
plant our size, with a peak load of 
30,000 kw. and a 60 per cent load fac- 
tor, where considerable quantities of 
steam are used for manufacturing pur- 
poses, it is very difficult for a central 
station to offer to supply energy at a 
price which would seem attractive. 

During the past year we inaugurated 
the practice of passing all new major 
equipment, such as motors and trans- 
formers, through the Electrical Labor- 
atory for test before taking them into 
the plant. This has proven well worth 
while already. 

In the way of lighting equipment I 
can record the tendency toward higher 
intensities, and also toward the use of 
daylight lamps. This last is of par- 
ticular interest. We have found that 
we can replace a 100-watt type C lamp 
with a 100-watt C-2 (daylight) lamp 
and get better results in spite of the 
absorption in the C-2 globes. 

We are working toward increasing 
standardization and simplification of all 
electrical work, but changes which we 
have made or contemplate along this 
line would require more explanation 
than space now permits. 
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E. D. Chrisman, Chief Electrician, 
Lynchburg Foundry Company, Lynch- 
burg, Va.—During the past year, a 
great many changes have been made 
in our plant in order that production 
could be increased, and the high stan- 
dard of our good products be main- 
tained. 

Small three-phase auto starters with 
pushbutton control have been installed 
on saws and other small equipment 
driven by motors up to, and including, 
5 hp. rating. : 

Bandsaws have been motorized in or- 
der to do away with long belt drives 
and countershafts. 

Motor-driven saw filers and tool 
grinders have been installed in the pat- 
tern shop in order to do away with 
hand work. Small portable motor- 
driven grinders and buffers have been 
installed in the metal pattern depart- 
ment, doing away with all hand work, 
such as filing and sanding. 

A new motor-driven cinder mill has 
been put in operation for reclaiming 
coke and iron from the cupolas of the 
pipe shop, special foundry, and the 
plow foundry. 


Fig. 3—The use of efficient coal- 
and ash-handling equipment has 
resulted in large savings. 


The installation of a belt conveyor re- 
duced the cost of handling coal 30 per 
cent, with a 50 per cent reduction in 
the time required. Similarly, the re- 
placement of a steam-jet ash conveyor 
by a drag chain and bucket elevator 
took a heavy load off the boilers and 
reduced maintenance costs. 
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Fig. 2—Jordon engines have been 
changed to individual drive through 
flexible, telescopic couplings. 

The jordans, as well as the beaters, 
were formerly group-driven, a Corliss 
engine and a 400-hp. motor supplying 
the power for two main group drives. 
The beaters are now driven in pairs 
through silent chains. 


In the pipe shop we have changed 
the motor on the trolley of No. 1 crane, 
from 6 hp. to 10 hp. in order to change 
the cycle of operation from throwing 
the flask with the bridge motor to the 
trolley motion on the shake-out bars. 

In the core department, we have 
placed in operation two Shepard, I- 
beam, 3, 000-Ib. hoists, with hook speeds 
of 80 and 60 ft. per min. at full load. 
The hoist motor is a 10-hp., series, in- 
terpole motor with series brake and 
the travel is a 2 -hp. Zabell series, 
interpole motor with series brake. Both 
motors are controlled through Shepard 
pulpit-type controllers working through 
G. E. protective panels and automatic 
overload contactors. 

In the special foundry, we have in- 
stalled two Shepard 3-ton, floor-con- 
trolled, double-beam cranes, with hook 
speeds of 40 to 80 ft. per min., full load. 
The hoist motor is a Crocker-Wheeler, 
6-hp. series motor, and the bridge is a 
3 ½-hp. Zabell series motor, both hav- 
ing series brakes. The trolley motion 
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is hand-controlled, and the other two 
motions are controlled from the floor 
with Shepard rope-type controllers, 
which are mounted on the hoist frame. 

Plans have been prepared by our 
plant superintendent, and work has 
started on the addition to the power 
house that is to be built in order that 
we may have greater capacity on the 
d.c. side of the system. 

We are adding another synchronous 
motor-generator set identical with our 
other two sets. This machine is to be 
paralleled on the bars when necessary, 
and operated independently when the 
load is light enough for one machine 
to carry it. The synchronous motor is 
a G. E., ATI-6, 160-kva., 2,300-volt ma- 
chine, and will be directly connected to 
a G. E. MPC, 115-kw., 250-volt d.c. gen- 
erator, with the excitation circuit taken 
from the generator end. The machine 
will be controlled from a panel placed 
beside it on the main floor, the same as 
for the other machines, and equipped 
with auto starter, overload and no-volt- 
age relays, and over-speed trip circuit 
breaker in series with the auto starter 
circuit. 

The addition to the d.c. board on the 
mezzanine floor of the power house will 
contain a panel with all necessary in- 
struments, circuit breakers, equalizing 
switches, and ground detectors. An- 
other panel will consist of a voltage 
regulator, motor-driven, and a stabil- 
ator in parallel with the d.c. bus. All 
the wiring from the main board and 
panel boards to the machine will be in 
conduit under the floor. The incoming 
high-tension lines will be equipped with 
disconnects and oil breakers, with a 
separate breaker for each machine in 
the power house, including the 2-stage 
air compressors driven by 2,300-volt, 
17-hp. motors. 

We are contemplating changing some 
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Trends and New 
Practices in the Use of 


Mechanical Equipment in 


CHANGES ARE CONSTANTLY taking place in power service 
equipment, the application thereof, and operating methods in 
This comes about as a result of the relentless 
search for better and cheaper production methods, and equip- 
ment that will serve more efficiently and show a saving in 
In the February, 1924, issue 
s of INDUSTRIAL ENGINEER trends which were apparent at that 
5 time in the use of power service equipment were discussed, 
= with details of equipment which had but recently been de- 
In this article tendencies and practices in the use of 
mechanical power service equipment which have taken definite 
form during 1924 are outlined, together with a discussion of 
new developments which show what the manufacturers of such 
equipment are doing to make available better apparatus or 
devices that will help to solve operating problems. 


the Path of Power Service 


In Industrial Works, Together With Details of 
Recent Developments Which Are of Interest to 


Users of Such Equipment 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


URRENT practice in the de- 
( sign of power service equip- 

ment and changes in its ap- 
plication show, year after year, 
definite trends and tendencies which 
are the results of study of both the 
manufacturers and the users of such 
equipment. These developments 
and the changes which they bring 
about are definite steps in a never- 
ending search for designs which will 
give increased operating efficiency, 
greater reliability in operation and 
a reduction in operating costs, and 
for methods of application that will 


further the attainment of these ends. 

During the past year some new 
trends of practice have become ap- 
parent, while other tendencies which 
were previously more or less well 
defined have gained added impetus. 

For example, in line with the gen- 
eral increase in the working speeds 
of production machines, the use of 
higher lineshaft speeds, which now 


frequently range from 300 to 400 


r.p.m., is very noticeable. Increasing 
use of ball and roller bearings on 
line- and countershafts follows 
closely the adoption of these com- 
paratively high speeds. Belt speeds 
are likewise being increased, while 
there is a strong tendency to use 
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This shows two leather belts on a Morgan 
mill driving the finishing stands of a stri 
mill in a large steel plant. The inner b 
receives unusually hard service because of 
the severe flexing to which it is subjected. 
On this drive the load fluctuates from zero 
to maximum within 30 seconds. Acknowl- 
edgment is made to Chicago Belting Co., 
Chicago, Ill., for this illustration. 


smaller pulleys than were formerly 
employed. | 
The question of the comparative 
merits of group and individual 
drives is always an interesting one. 
Users of production tools are realiz- 
ing more and more that neither 
group nor individual drive is a cure- 
all for every operating trouble, but 
that each type of drive has its 
legitimate place where it can func- 
tion to better advantage and prob- 
ably more efficiently than the other. 
General practice now seems to be to 
use individual drive whenever it is 
possible or advisable to do so when 
machines are operated as separate 
units. In fact most builders of large 
machine tools and similar equipment 
now make provision for mounting a 
motor directly on the machine, in 
case it is desired to do this. 
Increasing use of individual drive 
has led to a wide employment of 
speed reducers as the logical solu- 
tion of the problem which is pre- 
sented when it is desired to connect 
a comparatively high-speed motor 
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directly to the slower-moving shaft 
of the production machine. In a 
few new installations lineshafts are 
being driven directly by a motor 
through a speed reduction unit 
which turns the lineshaft at the de- 
sired speed. 

In similar fashion, the use of 
silent chains for both group and in- 
dividual drives is being applied to 
new applications. In the case of 
group drives the chain may be used 
between the motor and the lineshaft 
in places where the distance between 
these is not sufficient to permit the 
advantageous use of belting. Also, 
chains are being used to transmit 
power between two closely adjacent 
lineshafts and between lineshafts 
and countershafts. In individual 
drives, chains are used to couple the 
motor shaft to the machine shaft, 
usually with a reduction in speed. 
In many such instances the distance 
between shafts is too short to permit 
the satisfactory use of belts, whereas 
this condition is no bar to the use 
of chains, which give the additional 
advantage of a positive drive. Along 
the same line belt manufacturers 
have shown a marked activity in the 
study of better belt applications and 
the economies that result in main- 
taining and reclaiming belts so as 
to extend their life and increase the 
efficiency of belt drives. These ten- 
dencies have been reported in INDUS- 
TRIAL ENGINEER in serial articles 
during 1924. 

In the following pages a descrip- 
tion is given of new developments in 
the leading items of equipment, 
which have made possible some of 
the above-mentioned practices, or 
have been brought out as a result 
of them. 


Ball, Roller and 
Sleeve Bearings 


The problem of reducing friction 
in bearings as much as possible has 
always occupied a good deal of at- 
tention on the part of manufactur- 
ers and users of power equipment. 
Friction and power losses are in- 
evitable in any bearing, but they 
can be kept down to a minimum by 
the use of properly-designed bear- 
ings which are suited to the service 
conditions. The problem of lubrica- 
tion from the standpoints of atten- 
tion required in operation and 
troubles involving maintenance and 
repairs is also receiving much atten- 
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The Dodge-Timken roller-bearing 
shaft hanger and pillow block. 


The upper illustration shows a sec- 


tional view of the imken tapered- 
roller, shaft hanger bearing. The 
middle and lower views show the 
construction of the roller-bearing pillow 
block and the complete assembly, re- 
spectively. 


tion by both users and manufac- 
turers. 

One development of interest which 
has taken place during the past year 
is the standardization of ball bearing 
sizes for industrial motor applica- 
tions. The need of making the appli- 
cation of ball bearings to general- 
purpose motors the simplest possible 
stock proposition has been recog- 
nized for some time and the leaa- 
ing manufacturers of these bear- 
ings have given this point the 
most carefuly consideration. Prac- 
tically every American make of 
motor was studied and the data thus 
obtained turned over to a committee 
of ball bearing engineers who had 
made a special study of electric mo- 
tor requirements. The recommenda- 
tions of this committee were drawn 
up in the form of a report which was 
subscribed to by the co-operating 
companies. 

These engineering standards apply 
only to horizontal, general-purpose 
electric motors having present Elec- 
tric Power Club pulley diameters, 
belt widths, shaft extension diam- 
eters, and pulley overhang ratios 
lying within certain values. The 
ball bearing sizes recommended by 
the manufacturers for use in gen- 
eral-purpose motors, together with a 
more complete account of the work 
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done in this connection, were given 
on page 503 of the October, 1924, is- 
sue of INDUSTRIAL ENGINEER. 

Among the recent improvements 
in ball and roller bearings, mention 
may be made of the so-called self- 
locking collar which has been applied 
by The Fafnir Bearing Company, 
New Britain, Conn., to the bearings 
used in their ball-bearing hanger 
boxes, pillow blocks and other indus- 
trial applications. In any ball-bear- 
ing application it is necessary to 
have the inner race member rotate 
as an integral unit with the shaft. 
It is, therefore, necessary to make 
some provision for securing the 
inner race to the shaft. Fafnir in- 
dustrial-type ball bearings have a 
wide or extended inner race mem- 
ber. The outer end of this member 
is machined eccentric to the shaft 
on which it turns. The locking col- 
lar which serves to locate the unit 
on the shaft has one end recessed or 
counter-bored and is also eccentric 
to its true bore. Consequently, when 
this collar is applied to the end of 
the inner ring, any tendency of the 
latter to creep on the shaft simply 
serves, it is claimed, to tighten or 
lock the ring on the shaft. The collar 
is securely fastened to the shaft by 
one or more setscrews. 

Standard Steel and Bearings, Inc., 
Plainville, Conn., has brought out a 
ball bearing intended primarily for 
use in the clutch pilot of automo- 
biles, but which it is claimed can be 
used on any application where the 
bearing is located in a place that is 
inaccessible for lubrication, and thus 
difficult or impossible to oil without 
disassembling the mechanism. 

The novel feature of the bearing 
is a retainer of sheet steel that is ex- 
panded into a groove cut in the 
outer ring for that purpose. The re- 
tainer is made in the usual manner, 
and when completed is of a diameter 
that allows it to be dropped into 
the bearing. A press operation 
then enlarges the diameter by direct 
pressure upon the convexed surface 
so that it cannot be displaced except 
by driving. 

When the mechanism in which the 
bearing is used is assembled, the 
latter is packed with suitable grease 
and so placed that the open side is 
toward the blank end of the recess. 
In this position the retainer holds 
the grease in the bearing. 

Chandler Machine Company, 
Ayer, Mass., has put on the market 
a roller bearing for use on line- 
shafts, which consists of a cast-iron 
housing enclosing two load collars 
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within which the rolls revolve. The 
bottom of the housing is fitted with 
two copper oil wipers, one at each 
end, to prevent the oil drifting along 
the shaft and out of the bearing. 

The load collars, which are split 
foc ease in installation or removal, 
aid held together with 
rews are, it is claimed, made of 
a special tough metal and are of 
ample width to carry a heavy load. 
These load collars have a groove in 
the middle for housing split, steel 
spacing rings which keep the rolls 
in their respective places. 

The rolls are said to be made of 
a special grade of tough, tool steel, 
finished true to size and cut short 
enough to leave plenty of room for 
free running between the shoulders 
of the load collars. Both ends of 
the rolls are finished in circular 
form, so that they act as balls when 
they touch the shoulders of the load 
collars. 

A line of disk and ball bearings 
designated as the NKA and for 
which high load-carrying capacity is 
claimed has been placed on the mar- 
ket by the Wollmar Engineering 
Corporation, 224 East Forty-second 
Street, New York, which is the 
American representative of Nor- 
diska Kullager Aktiebolaget, Gothen- 
burg, Sweden. 

The disk bearing is made up of 
two race rings, between which rollers 

having convex race surfaces and flat 
side surfaces are placed. A feature 
of the bearing is that the rollers are 
claimed to be self-guiding. 

A feature of the NKA ball bear- 
ing, which is available in both radial 
and thrust types, is the ball cage or 
separator. This cage is made of 
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New developments made during 
1924 that cover a wide range of in- 
dustrial equipment. 


At A is shown the worm gear box 
brought out by the W. A. Jones Foun- 
dry and Machine Co., for installations 
in which the use of an enclosed worm 
gear reduction is not justified. B. 
sealed sleeve bearing for industrial 
motors, developed by Westinghouse 
Electric & Manufacturing Co. C, pipe 
cutting and threading machine put out 
by Oster Manufacturing Co. This ma- 
chine is driven by a %-hp. electric mo- 
tor and will handle pipe up to 2 in. 
in diameter. D, new steel-link, V-belt 
designed by Reeves Pulley Co., for use 
on Reeves variable-speed transmissions. 


spring steel wire, which is looped 


between each pair of balls, embrac- 
ing a segment of each ball. This 
construction is emphasized as mini- 
mizing friction, taking up little 
space, and permitting lubricant to 
get in between the balls. The balls 
may be inspected without taking the 
bearings apart. The ball race 
grooves are deep and close fit of the 
balls is intended to provide greater 
carrying capacity. The method of 
introducing the balls between the 


Details of the Chandler 
Co.’s roller bearing. 


Below, bearing with the upper half of 
the housing and upper half of one of 
the load collars removed to show the 
rolls and one of the roll-retaining rings. 
The upper view at the right shows the 
rolls in place in the load collars, ready 
for assembly in the housing. Lower 
right, bearing completely assembled ex- 
cept for upper half of housing. 


Machine 
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race rings is featured as permitting 
a large number of balls to be in- 
serted into the bearing. 

Under the trade name Excello,“ 
the Ex-Cell-O Tool & Manufactur- 
ing Co., Detroit, Mich., is now mar- 
keting a high-speed ball bearing, 
licensed under the Snader patent ap- 
plication. This bearing is of the 
combined radial and thrust type and 
is designed for speeds up to 50,000 
r. p. m. 

The ball races are so located in 
relation to each other that it is 
claimed the balls are given a spin- 
ning motion in addition to the mo- 
tion of rolling around the center 
of the shaft. This construction is 
for the purpose of eliminating the 
wearing of flat spots or tracks on 
the balls. 

Since the outer races are at an 
angle, a worn bearing can be sal- 
vaged by grinding the inside faces 
of the outer rings. If the surfaces 
of the races are excessively pitted 
or worn, these surfaces can be re- 
ground. Bakelite ball separators 
are used. 

Marlin-Rockwell Corporation, suc- 
cessor to Gurney Ball Bearing Com- 
pany, Jamestown, N. Y., has during 
the past year further developed and 
made some additions to its line of 
Conrad deep-groove ball bearings. 
They claim that these bearings are 
particularly suited for high-speed 
installations and also for applica- 
tions where the loads are compara- 
tively small but the bearings are 
likely to be subjected to thrust loads 
from both directions. 

The Dodge Manufacturing Cor- 
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poration, Mishawaka, Ind., has 
placed on the market a new lineshaft 
bearing embodying the Timken 
tapered- roller bearing, as well as 
several new features of construction. 

The Timken tapered- roller bear- 
ing is constructed on the cone prin- 
ciple which, it is claimed, insures a 
true rolling action. The bearing it- 
self comprises four parts: a cone or 
inner race with outside taper, the 
tapered rollers, a cage or roll re- 
tainer and a cup or outer race with 
inside taper. 

The Dodge-Timken roller hanger 
bearing is a simple bearing. It con- 
sists of two Timken, tapered-roller 
bearings mounted on a ground and 
slotted steel tube and fitted to an 
accurately machined housing. The 
ends of the steel tube are threaded 
to receive clamping collars designed 
to secure accurate adjustment of the 
bearings on the tube. This adjust- 
ment is made at the factory and 
need not be altered by the user. 

It is said that the mounting of 
the tapered-roller bearings insures 
full utilization of the bearings for 
both radial and thrust loads. It also 
adds to the ruggedness of the as- 
sembly and is of particular value in 
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The short distance between pulley 
centers and the service conditions 
make this a hard drive. 


This belt drives an air compressor 
which is fitted with an automatic pres- 
sure regulator that starts the motor 
when the pressure falls to a certain 
point and stops it when the pressure 
reaches the upper limit. The motor 
starts up at about 5-min. intervals and 
runs for 2 or 8 min. By courtesy of 
The Graton and Knight Mfg. Co. 


resisting the side weave of heavy 


driving belts. 

The method of fastening the steel 
tube or sleeve to the shaft permits 
its use on any commercial shafting, 
by setting up the screws in each of 
the two clamping collars. 

The dust-proof design of this 
bearing is featured as being of 
great importance. The sleeve on 
which the bearings are mounted ex- 
tends from end to end of the hous- 
ing. Liberal grease compartments 
are provided inside of the housing 


Two installations where the belts 
operate under extreme conditions. 


The illustration at the left shows 
leather belts driving stone planers 
in a quarry. The loads are heavy 
and service conditions severe. The 
belts shown at the right are operat- 
ing in a 1 where excessive 
moisture makes the operating condi- 


tions still more severe. These illus- 


trations are used by courtesy of Chi- 
cago Belting Co. 
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and outside of the tube. The outer 
ends of the bearings are protected 
against dust by special metallic 
grease seals which eliminate friction 
at this point and are claimed to 
positively prevent dust working in 
or the lubricant from working out. 
These grease seals take the place of 
felt washers or packing. 

This company has also put out 
the Dodge-Timken roller-bearing pil- 
low block. Like the hanger bearing, 
it is the result of years of inves- 
tigation and experience on the part 
of the Dodge organization in the de- 
velopment. of power-transmission 
equipment. 

This pillow block consists of two 
Timken, tapered- roller bearings 
mounted on a steel tube or sleeve in 
a rugged housing. The method of 
fastening the steel sleeve to the shaft 
permits its use on any commercial 
shafting by setting up the screws 
in each of the clamping collars. 

The Westinghouse Electric & 
Manufacturing Company, East 
Pittsburgh, Pa., has developed a 


sealed sleeve bearing for industrial 


motors. 

The new bearing is so constructed 
that the housing is practically air 
tight, preventing air from getting 
in and oil from leaking out. The 
bearing shell itself has not been 
changed in design but the housing 
has been altered. The cover which 
closes the opening through which 
the oil ring is admitted has been 
placed on the inside end of the hous- 
ing instead of the outside. This 
location permits bolting down the 
cover and compressing the packing 
under it. For the purpose of in- 
specting the oil ring, a large pipe 
plug has been placed on the outside 
end of the housing. This plug can 
easily be removed and put back in 
place, air-tight. The dowel pin, which 
is ordinarily inserted from the out- 
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side wall of the housing to keep the 
bearing from turning, has been 
placed on the inside of the housing 
and any oil pumping is thus ren- 
dered harmless since it is inside the 
housing itself. To further guard 
against leakage, tapped holes have 
been eliminated wherever possible 
and the drain plug usually found at 
the bottom of the housing has been 
removed. 

To eliminate throwing of oil, a 
conical collar forming a seal and 
acting as an oil thrower has been 
placed on the shaft on the inside of 
the bearing. 

For the purpose of dustproofing 
the housing, soft felt washers are 
placed at either end. In very dirty 
places a double chamber cap can 
also be provided at the outside end. 


Belting and 
Pulleys 


The Leather Belting Exchange, 
which is an association of leather 
belting manufacturers, has for some 
time carried on practical research 
work covering the problems involved 
in the manufacture and application 
of this equipment. A non-technical 
summary of some of this research 
work, which has been done under the 
direction of R. F. Jones, has recently 
been published by The Leather Belt- 
ing Exchange. This report con- 
tains the results of studies made on 
such subjects as: are of contact 
studies; effect of center distance on 
transmitting capacity; the effect on 
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the belt’s capacity of using a small 
pulley to drive a large one, and vice 
versa; and so on. 

This report is well illustrated with 
curves and charts and contains a 
large amount of very valuable infor- 
mation, much of it in tabular form. 

Alexander Brothers, Inc., Philadel- 
phia, Pa., are marketing under the 
name “Tentacular,” a suction belt- 
ing which. is made up of oak-tanned 
leather to the under surface of 
which are attached narrow, lon- 
gitudinal strips of soft and spongy, 
chrome-tanned leather. The strips 
of chrome leather are held in posi- 
tion by hollow brass rivets. The de- 
pressions, or hemispherical pockets 


This row of grinding machines is 
driven directly from the lineshaft 
through clutch pulleys made by the 
Conway Clutch Co. 


in the strip, having the inside of the 
hollow rivet as bottom, are intended 
to act as suckers and cause the ad- 
hesion of the belt on the pulley. The 
adhesion of the belt is also increased 
to a large extent by the spongy 
chrome leather, which is treated 
with tallow. The spacing between 
the strips is intended to permit any 
air film between the belt and pulley 
to be squeezed out. Shifting from 
fast to loose pulleys is effected as 
with the usual leather belting and 
because this belting can be run at 
lower tension, stretching of the belt 
is said to be less than usual. 

The thickness of the chrome 


Interesting applications of IXL re- 
ducers. 


In A is shown a battery of rotary 
pumps driven through speed reducers. 
which are reversed, (low-speed shaft 
connected to the driving engine) to in- 
crease the speed of the pumps. B;, 
transfer table for electric annealing 
furnaces. The motor and speed re- 
ducer at the back drive a small pinion 
which engages with a rack, the outer 
end of which is hinged and shown here 
pushed back against the door of the 
furnace. The rack serves to pull the 
loaded cars from the furnace onto the 
transfer table. The motor and speed 
reducer at the front of the table drive 
the latter along the track when cars are 
put into or removed from the furnaces. 
C, movable platform which carries re- 
volving paddles for agitating the con- 
tents of a long slurry tank in a ce- 
ment mill. The platform travels on a 
track along the edge of the slurry 
tank at a speed of 935 ft. per hr. D, 
another view of the traveling platform 
showing the agitating paddles which 
are driven by a 10-hp. motor through 
a speed reducer. These illustrations are 
used by courtesy of Foote Bros. Gear 
& Machine Co., Chicago, III 
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leather strips is ½ in., although 
thicker strips may be employed. The 
strips are either 34 or 1 in. wide. 
The dressing used is tallow, which 
is melted and spread over the 
chrome strips with a brush. This 
dressing is applied two or more 
times a year, depending on the 
drive; as a rule, the tallow dressing 
is required when the strips become 
dry or a slight slippage occurs. 

The use of this belting is claimed 
to eliminate slippage, high belt ten- 
sion, high pressure on bearings, and 
the use of belt dressings. Consider- 
ably more power is said to be trans- 
mitted for the same width of belt. 

The Graton and Knight Manufac- 
turing Co., Worcester, Mass., report 
that tanning and other manufactur- 
ing processes have been thoroughly 
standardized in its plants and that 
a large amount of work is being 
done on the standardization of the 
types of belting particularly adapted 
for the various machines used in the 
different industries. This work in- 
volves the installation and careful 
study of test belts, over a period of 
time, so that by a process of elimi- 
nation the size and type of belt best 
suited to the conditions is found. 

Belt maintenance and reclamation 
work is a subject that has for some 
years past attracted a good deal of 
attention. This has come about 
largely as a result of the increasing 
severity of the service to which 
belting is subjected by reason of the 
tendency to increase belt and line- 
shaft speeds, with a realization on 
-he part of belt users that belting 
must be kept in the proper condition 
if it is to deliver the maximum 
service of which it is capable. 

Under the trade name Renova- 
tol,” Renovatol Company, Philadel- 
phia, Pa., is marketing a material 
which may be applied to belts while 
they are running at full speed and 
under full load for the purpose of 
cleaning and degreasing them, and 
leaving them soft and pliable. It is 
claimed that this material will re- 
move water and dampness from 
belts while they are running and 
make them waterproof and that, by 
giving them a velvety, friction sur- 
face, it permits belts to be run at a 
very low tension. This material is 
intended for use only on leather and 
canvas belts. 

The Clipper Belt Lacer Company, 
Grand Rapids, Mich., has recently 
placed on the market a new model 
known as the Baby or No. 0 Clipper 
Belt Lacer, which embodies a num- 
ber of improvements. It will lace 
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any belt up to % in. thick and 4 in. 
wide in one operation. For wider 
belts it is merely necessary to repeat 
the operation. A vise is used in 
connection with this tool. 

Clipper Rustproof Hooks have re- 
cently been brought out by the same 
company for use in laundries, mines 
and other places where there is ex- 
cessive moisture and ordinary hooks 
show corrosion. 

One feature of a new line of paper 
pulleys, recently placed on the mar- 
ket by the Best Pulley Mfg. Co., St. 
Louis, Mo., is the use of a patented, 
double-locking hub which has three 
sets of ribs each which grip into the 
paper and prevent the hub from 
coming loose, even though the pul- 
ley may be reversed in direction. 
These ribs are a part of the hub 
and extend out from the hub in a 
V-shape so that when the hub is 
hydraulically pressed into the pulley 
it becomes an integral part thereof. 

In making these pulleys, treated 
paper is hydraulically compressed 


into a solid block. The end grain of 


the fiber is exposed to the belt so 
that belt slippage will be reduced. 

It is stated that the pulleys are to 
be built in 2,500 stock sizes. 


Speed Reducers 


The De Laval Steam Turbine Co., 
Trenton, N. J., has developed a line 
of worm gear reductions which are 
applicable to motors and turbines 
driving such machinery as rotary 
kilns and coolers, tumbling barrels, 
agitators, mills, paper machinery, 
machine tools, stokers, cooling 
tables, transfer rolls, elevators, con- 
veyors and so on. It is claimed that 
in the De Laval worm gear, three 
or more teeth are always in contact, 
giving exceptionally high load 
capacity for the size and weight, and 
making the gear suitable for heavy- 
duty service. 

The reduction is completely en- 
closed in a casing, which keeps out 
dust and moisture. The casing is 
split horizontally in the plane of the 
center line of the wheel shaft, and 
the lower half is supported by four 
substantial feet designed to permit 
air circulation underneath. 

The wheel shaft is carried on 
plain bronze bearings, so split as to 
be easily removable without disturb- 
ing the wheel shaft or the couplings. 
The side thrust of the wheel is car- 
ried by a hardened, ground and 
polished steel plate. 
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The worm may be located either 
above or below the wheel and is 
mounted on ball bearings, the one 
at the rear of the worm being of 
the double type and designed to 
carry the combined radial and thrust 
loads. The bearing at the forward 
end of the worm is of the radial 
type; the inner race is pressed on 
the worm shaft, while the outer race 
has clearance axially, permitting the 
bearing to adjust itself to the linear 
expansion of the shaft. 

De Laval worm reduction gears 
are made for transmission ratios of 
approximately 4 to 1 up to 100 to 1 
in one step, and for any higher ratio 
with double reductions. Flexible 
couplings of the pin and rubber 
bushing type are used to connect the 
worm shaft to the driving machine 
and the wheel shaft to the driven 
machine. 

The Hill Clutch Machine & 
Foundry Company, Cleveland, Ohio 
has developed the “Industrial Type“ 
spur gear speed transformer for all 
general industrial work where speed 
transformer units are operated un- 
der continuous or heavy service con- 
ditions. This speed transformer con- 
sists of a nest of plain spur gears 
revolving in oil. Both high- and 
low-speed shafts are supported in 
double bronze bearings, insuring, it 
is claimed, strength, rigidity and 
quiet operation. 

A splash system of lubrication, 
obtained by a metal disc on the high- 
speed shaft, is used. The entire 
unit is enclosed and is claimed to be 
dustproof and leakproof. 

Both high-and low-speed shafts 
are in identical axial alignment and 
both revolve in the same direction. 

The Poole Engineering & Machine 
Company, Baltimore, Md., has re- 
cently brought out two new types of 
reduction gears known as type H 
and type K, respectively. 

The type H reduction gear con- 
sists of a herringbone gear and a 
herringbone pinion cut integral with 
the high-speed shaft. Both gear 
members are said to be made of spe- 
cial steels and heat-treated. 

The gears and pinions are totally 
enclosed in a cast-iron, horizontally- 
split casing with bearing bosses in- 
tegral with the top and bottom 
halves of the casing. The bearings 
are removable and consist of cast- 
iron shells lined with babbitt metal. 
They are supported in bosses cast in 
the top and bottom halves of the 
casing. 

For low-speed drives lubrication 
is obtained by an improved splash 
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and gravity system. For turbine 
and other high-speed drives an oil 
pump and cooler are provided. 

The type K reduction gear con- 
sists of a herringbone, forged-steel 
pinion integral with the shaft and a 
cast-steel herringbone spur gear. 
The gear and pinion shafts are 
mounted in babbitted bearings of 
the ring-oiling type and are lubri- 
cated by the splash system. 

A recent addition to the line of 
worm-gear reduction units man- 
ufactured by the Cleveland Worm & 
Gear Co., Cleveland, Ohio, consists 
of a small unit to transmit loads up 
to 3 hp. It is available in ratios 
varying from 5 to 1 to 30 to 1. 

The worm is located above the 
wormwheel and is mounted on ball 
bearings of a combined radial and 
thrust type, designed to take a 
thrust load in either direction. The 
thrust and radial loads from. the 
wormwheel shaft are taken by the 
Timken tapered-roller bearings on 
which this shaft is mounted. 

The case is of cast iron and has 
sufficient volume to accommodate an 
ample supply of lubricating oil. The 
wheel bearings are lubricated by the 
splash from the gearing, the con- 
tacting surfaces of the worm and 
wormwheel as well as the worm 
bearings being lubricated by the oil 
carried up from the reservoir by the 
wormwheel as it revolves. 

The Meachem Gear Corp., Syra- 
cuse, N. Y., has recently taken over 
the manufacture of a speed-reducing 
mechanism for the transmission of 
power from high-speed turbines or 
motors to machinery that must be 
driven at a lower speed. 

In this reducer the load is trans- 
mitted from the high-speed shaft 
through planetary gears to a slower 
rotating ring. A number of rockers 
are connected inside the ring and 
engage a spider keyed to the low- 
speed shaft. As the driving motor 
or turbine starts up, the engage- 
ment of the rockers with the spider 
causes each rocker to compress a 
spring plunger. This action brings 
the bottom of the rocker into pos- 
itive contact with the inside of the 
ring, and, at the same time, causes 
the side of the rocker to make con- 
tact with the side of the adjacent 
spider tooth. 

The load on the turbine or motor 
is reduced to practically nothing 
during the time required to com- 
press the springs, this period of 
time corresponding to about one- 
quarter of a revolution. The load 
is, therefore, said to be transmitted 
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These agitators are driven by 10- 
hp. motors through 9.86-to-1 ratio. 
Industrial Type speed reducers 
made by The Hill Clutch Machine 
& Foundry Co. 
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gradually and without starting 
shock. The spring plungers also aid 
in the maintenance of quiet opera- 
tion, since they tend to eliminate 
vibration and backlash. 

The shafts are mounted on ball 
bearings which are housed in sub- 
stantial casings and have ample 
provision for lubrication. 

The mechanism is entirely inclosed 
in a dustproof casing, and all parts 
run in oil, with forced lubrication 
above 1,800 r.p.m. The reducer can 
be used for either step-up or step- 


Herringbone gears are used in the 
new speed reducer brought out by 
the Poole Engineering and Ma- 
chine Co. 


shown in the upper illustration. 
lower view shows the type H reducer 
with the top casing removed. 
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down speed changes. It is furnished 
in ratios from 4 to 1 up to 200 to 1, 
and for loads up to 500 hp. 

Foote Bros. Gear and Machine 
Co., Chicago, III., report that sev- 
eral novel and interesting applica- 
tions of IXL speed reducers have 
been made during the past year. For 
example, in an installation at the 
plant of the Western Machinery 
Mfg. Co., Sedalia, Mo., a number of 
these speed reducers are used to in- 
crease the speed of a battery of 
rotary pumps. 

What is said to be another new 
application of IXL speed reducers 
is in the plant of the Glens Falls 
Portland Cement Co., Glens Falls, 
N. Y., where a change in manufac- 
turing processes made necessary the 
installation of a slurry storage tank 
125 ft. long, 25 ft. wide and 21 ft. 
deep. Owing to the size of the tank 
it was considered impracticable to 
use the standard form of stationary 
paddle mixers, and a traveling agi- 
tator with rotating paddles was in- 
stalled. 

Briefly, the agitator consists of a 
platform built on a structural steel 
frame and equipped with wheels 
which run on tracks on the edge of 
the tank or pit. It requires 7½ 
min. for the platform to travel from 
one end of the tank to the other. 
Power for running the agitator 
arms is supplied by a 10-hp., 570- 
r.p.m., G. E. motor operating 
through an IXL reducer. The plat- 
form is driven by a 5-hp., 570 r.p.m. 
motor through an IXL worm gear 
speed reducer. 

W. A. Jones Foundry and Machine 
Company, Chicago, III., has brought 
out a line of double-thrust, worm 
boxes which are intended for use 
where conditions do not warrant the 
use of a fully-enclosed, worm gear 
drive. They are designed to sup- 
port the worm shaft rigidly, take 
the thrust of the worm and provide 
lubrication for the worm and the 
thrust washers. The base of the 
boxes is finished and the ends of the 
bearings are faced inside and out- 
side. Babbitt bearings are used to 
support the worm shaft. 

Weiss Engineering Corporation, 
Newark, N. J., has brought out a 
continuous-torque, variable-speed 
transmission which is said to be 
adapted for both automotive and in- 
dustrial use. This device consists 
essentially of a nutating power- 
transmitting body called the mutor, 
inclosed in and concentric with a 
metallic sphere. The nutating body 
or mutor is equipped with clutch ele- 
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A and B—Electric power tank and 
portable hand power tank, respec 
tively, made by Carr Fastener Co., 
Cambridge, Mass., for use with the 
Dot high-pressure lubricating system. 

C—Gooseneck welding torches made 
by The Bastian-Blessing Co., Chi- 
cago, III. 

D—Open end Clipper belt cutter, 


made by Clipper Belt Lacer Co, 
Grand Rapids, Mich. 
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E—Dryvin Anchors for making at- 
tachments to masonry and brick- 
work. Made by Star a 
Bolt Company, New York, N. Y. 

F and G—Application of Dryvin An- 
chors for attaching eyelet bridle 
as and combination of pipe or 
cable clamp and ring, respectively. 

H—Flexible coupling, made by Terry 


Steam Turbine Company, Hartford, 
Conn. 
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I—Clipper Baby belt lacer, made by 
Clipper Belt Lacer Company, Grand 
Rapids, Mich. 

J—Conway CMT unit expansion 
clutch, made by The Conway 
Clutch Co., Cincinnati, Ohio. 

K—Clutch pilot ball bearing, made 
by Standard Steel and Bearings In- 
corporated, Plainville, Conn. This 

bearing is designed for both auto- 
motive and industrial use. 
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The illustration at the left shows 
one of the redesigned Francke 
(Smith and Serrell) couplings used 
in combination with a pneumatic 
clutch brake for rubber mills and 
similar drives. 
At the right is shown a combination 
shearing Coupling installed on a 1,200- 
BP. stri rip mill drive in a steel plant. In 
excessive overload the bolts 


between the halves of the coupling are 
sheared off, preventing other damage. 


ments that co-operate with the in- 
side surface of the sphere, the trans- 
mission being designed so that the 
relative angular axial positions of 
the mutor and the sphere may be 
varied, the mutor nutated and the 
rotation transmitted from it. Power 
is transmitted from the driving to 
the driven member through the 
mutor which, receiving its movement 
of nutation from the driver, acquires 
from it a continuous movement of 
rotation about its own axis and 
transmits it to the driven member. 

It is claimed that an infinite num- 
ber of speed ratios between the driv- 
ing and the driven shafts may be 
obtained without gear-shifting or 
the use of a clutch. Further claims 
are: It is highly efficient and not 
subject to great wear, as all the 
power is transmitted through ball 
bearings; it is positive in its trans- 
mission of power for all speed ratios 
and for all loads; it maintains 
constant, uninterrupted action dur- 
ing all speed variations. 

Reeves Pulley Company, Colum- 
bus, Ind., has during the past year 
refined and perfected its variable- 
speed transmission in several im- 
portant respects. One of the most 
noteworthy of these improvements 
is the development of a new, steel- 
link V-belt, which is designed for 
use only with the Reeves transmis- 
sion. This chain is composed of 
hardened steel links flexibly bound 
together with double, frictionless, 
rocking pins. Leather tips which 
are cemented and riveted to steel 
tabs are securely fastened to the 
belt sides at an angle conforming 


to the V-shaped groove of the trans- 
mission disks. 

It is claimed that the new steel 
V-belt is practically unbreakable and 
that, due to its extreme flexibility, 
it will run even and true at all posi- 
tions of the disks. Also, it is self- 
cleaning and requires only a small 
amount of oil to insure proper lubri- 
cation. This belt will be furnished 
on new transmissions only when 
specified by the customer. 


Clutches and 
Couplings 


Smith and Serrell report that the 
high-speed-type, Francke flexible 
coupling which they are marketing 
has recently been redesigned to give 
it considerably greater strength, al- 
though the outside dimensions have 
been kept approximately the same. 
Couplings of this type are now made 
in capacities up to 6,000 hp., at 1,800 
r. p. m. 

Some time ago this concern made 
up, on a special order from a steel 
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mill, a combination shearing coup- 
ling having the flexible features of 
the Francke coupling. This coupling 
was installed on a 1,200-hp. drive 
for a strip mill and the two halves 
are connected by seven %-in. bolts. 
The mill and drive is thus protected 
from injury when a strip doubles up 
or enters too cold. In one of these 
couplings more than 300 bolts have 
been broken, but more serious dam- 
age has thereby been prevented. 
The Terry Steam Turbine Com- 
pany, Hartford, Conn., has developed 
for use with all types of equipment 
the flexible coupling which has here- 
tofore been used only with Terry 
steam turbines and reduction gears. 
This coupling is of the pin-and- 
bushing type. One of the features 
to which special attention is called 
is that this coupling is made from 
steel forgings, which gives it greater 


An instance where shifting of belts 
is eliminated by the use of friction 
clutches. 


This shows part of a battery of 12 
light bench presses which are driven 
directly from the lineshaft and con- 
trolled by Johnson friction clutches, 
in the Elmwood plant of The New 
Departure Manufacturing Company. 
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uniformity of composition and 
higher tensile strength. The pins 
are also made of steel and the cyl- 
indrical portions hardened and 
ground so that the bushings are free 
to adjust themselves under load and 
are prevented from transmitting any 
end thrust. The pins are provided 
with screw heads and fiber washers 
which, it is claimed, keep the bush- 
ings in their proper location within 
the driven flange. 

The bushings, which are the flex- 
ible medium, are made of rubber and 
are ground to an exact outside diam- 
eter so that each bushing trans- 
mits its portion of the load. It is 
claimed that all parts of the coupling 
are made to limit gages and that the 
couplings are balanced after they 
have been finish-machined. 

Among the advantages claimed for 
this coupling are: it compensates for 
both angular and off-center misalign- 
ment; allows free end float of con- 
nected shafts and will not transmit 
end thrusts; by removing the pins 
the shaft of either machine may be 
raised vertically without disturbing 
the other; it is easily and quickly 
checked for alignment. 

The Conway Clutch Company, 
Cincinnati, Ohio, has brought out a 
new, type CMT, friction clutch 
which is claimed to be an unusually 
simple, self-contained friction unit, 
with an extensive, one-point acces- 
sible adjustment, large peripheral 
contact, full-length bearing for the 
loose member and heat-treated steel 
actuating parts. 

On some production machines it is 
necessary to start and stop the ma- 
chine as each piece of work is fin- 
ished. This means shifting a belt 
from the tight to the loose pulley 
and back again hundreds of times 
a day. In such situations the use 
of friction clutches oftentimes pre- 
sents certain desirable advantages. 
In this connection the Carlyle John- 
son Machine Company, Manchester, 
Conn., reports that its friction 
clutches have within the past year 
been applied to a number of well- 
known production machines as 
standard equipment. It reports 
also, that there is a noticeable ten- 
dency to increase the number of 
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Knorr lubricators help to solve the 
eproblem of lubricating these ma- 
chines. 


The left-hand view shows two of the 
six Knorr lubricators, made by Mal- 
colm H. Smith Co., Inc., on a machine 
in a textile mill. In this mill 376 ma- 
chines are similarly equipped. Pre- 
vious to the installation of these lubri- 
cators considerable trouble had been 
experienced with oil drip and hot bear- 
ings. Right, Knorr lubricators on à 
high-speed grinder head. 
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Celeron gears are used on these 
drives. 


The upper illustration shows the drive 
for a core pump in an ice plant. The 
brine spray to which this drive is 
subjected makes the employment of 
iron or steel gears impracticable. Be- 
low, Celeron gears on à reel in a paper 
mill, where they have been in service 
24 hr. a day for over four years. 
These gears, which are manufactured 
by the Diamond State Fibre Co., are 
made of layers of woven fabric im- 
pregnated with a synthetic resin and 
bonded together at a high tempera- 
ture, under heavy pressure. 


OE 


friction clutches on new machines. 
For example, on some multiple- 
spindle, automatic screw machines 
each spindle is controlled through a 
friction clutch. | 


Miscellaneous New 
Developments. 


In addition to the equipment 
which has.been described on the 
preceding pages a number of other 
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devices of a more general nature, 
but which are of interest to indus- 
trial plant men, have been placed on 
the market during the past year. 
For example, the Link-Belt Co., In- 
dianapolis, Ind., has recently added 
to its line of safety collars and is 
now marketing the “split-type.” 

This device is intended to main- 
tain the proper alignment of such 
equipment as pulleys, shaft bear- 
ings and hangers. Its design makes 
installation and adjustment easier, 
as the collar is split in two pieces. 
The setscrew, by which the collar 
is affixed to the shaft, is flange-pro- 
tected. 

Michigan Lubricator Company, 
Detroit, Mich., has developed a valve 
which is being sold under the trade 
name of “Michigan Kant Leak Main- 
tenance Valve.” This embodies sev- 
eral new design features. It is 
claimed that a double, metal-to-metal 
seat insures tight closing; that the 
packless stem prevents any leaks 
and that, inasmuch as no packing, 
washers or gaskets are used there is 
nothing to swell, warp or give 
trouble in other ways. 

Oster Manufacturing Company, 
Cleveland, Ohio, has recently 
brought out a new electric pipe 
threader which will cut and thread 
pipe up to 2 in. in diameter. The 
machine is driven by a %-hp. West- 
inghouse motor, which is furnished 
with a 10-ft. cord and plug that 
may be screwed into any light 
socket. The outfit is light enough 
to be easily portable and may be 
mounted on a service truck for 
transportation to any part of the 
plant. 

Carr Fastener Company, Cam- 
bridge, Mass., has developed and 
placed on the market a new electric 
power tank and a portable hand- 

(Please turn to page 111) 
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Material Handling Devices 
Pay for Themselves 
By Doing Easily, Quickly and at Lower Cost 


Back-Breaking Labor Jobs and Other Lifting, 
Moving and Piling Tasks Which Call for Excessive 


Labor Charges 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


OT MANY new developments 
| N in material handling equip- 

ment were made during 1924. 
This was partially due to the lack 
of consistent demand. Also there 
was no shortage of labor. In addi- 
tion, several manufacturers had 
brought out new types of equipment 
during the past two to four years 
which had rounded out their lines of 
equipment materially and enables 
them to handle with such special 
adaptations of their equipment as 
may be necessary, practically any line 


of work. A number of these adap- 
tations will be described and illus- 
trated in this article. 

However, production men are tak- 
ing material handling equipment 
more seriously and it is less difficult 
to convince them of its advantages 
over methods of doing such work by 
hand. Considerable effort has been 
directed toward making a more care- 
ful study of the material handling 
problem both from an equipment and 
a methods viewpoint. This has been 
particularly true in the development 
of special devices for holding or con- 
taining the work during handling. 
While much had been developed along 
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ONE OF THE expensive and impor- | 
tant problems in practically all in- = 
; . dustries is the handling of materials l 
— between machines or processes and in 
and out of storage. 
up some of the new equipment which 
has been developed and applied dur- 
ing 1924 by manufacturers for speed- 
ing up and reducing the cost of this 
class of work. 
to a variety of jobs in several indus- 
tries are also illustrated and described. 
Some of these may offer suggestions 
to readers for somewhat similar use 
in other industrial plants. 
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This double-post Economy tiering machine 
hoists or lowers or travels on the track 
under the direction of the operator ut the 
left. Power is obtained from third rail. 
It is used for handling paper from the re- 
ceiving chute to and from storage and then 
places it on the runway to the press. 


this line previously, additional ef- 
forts have been directed toward the 
development of better methods of 
controlling the work and placing it 
on a more efficient basis. 

Trucking is in many plants now 
operated on a schedule basis instead 
of hit or miss as has been the case 
quite frequently in the past. This 
alone has in some cases reduced the 
trucking force 50 per cent. In addi- 
tion, much has been accomplished by 
a rearrangement of machines and 
placing them close together whereby 
the work does not have to be handled 
or trucked between machines. Be— 
cause of the short distances, the 
work is passed from machine to ma- 
chine either by hand or on convey- 
ors. This work has, of course, been 
carried on for some time in the au- 
tomotive plants but other industries 
are also taking advantage of it, with 
gratifying results. 

Making these announcements of 
changes of design in various classes 
of equipment, does not indicate, how- 
ever, that the companies mentioned 
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A For many types of industrial trucking, where 
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Lifting, Trucking and Piling Operations 


Typical Installations from Ten Industrial Plants 


om -ag 
a 


the distance is not great and the load not ex- 
cessively heavy, hand-lift, elevating-platform 
trucks are becoming widely used. Here 32 
cases of Orange-Crush are handled as easily as 
one. This Barrett lift truck will lift from an 
angle of 45 deg., which facilitates its use in 
aisles. 


B—Hand-lift, elevating-platform trucks are also 


widely used in the printing industry for hand- 
ling paper, because the paper can remain upon 
the platform until used without rehandling 
which would soil or damage a certain percentage 
of the sheets. This Revolvator lift truck is in 
use in a New York printing plant. 

and D—This special Elwell-Parker truck is 
used to pick up, stand on end, elevate and stack 
or tier heavy rolls of cloth, bales, barrels, and 
similar bulky objects. The load, which may be 
either standing up or lying down, is picked up 
on the apron, lifted and turned either to the 
vertical or horizontal and stacked 6 ft. high. 


E Several manufacturers have devised lift trucks 


for use in handling pots either in or out of an- 
nealing furnaces. This Crescent truck is one 
of three trucks in use in an Eastern foundry. 


F—This Hi-Lo Elwell-Parker truck will place 


2,000-lb. loads in trucks or lift the dump-bot- 
tom body high enough for the load to be 
dumped into bins or vats. 


G—Ordinarily tiering machines or stackers are 


used for elevating loads which are too heavy for 
men to handle. In this case, a load consisting 
of a number of small boxes of parts is elevated 
so that one man can store them, whereas, pre- 
viously a man on the floor and one on the bin 
ledge were required. The sliding platform is 
held centrally until the load is elevated. By 
means of a cable control the man on the ledge 
can change the height of the platform. 


H—Units of material which are small can be 


handled effectively by grouping. Slings such 
as this are very effectively used for handling 
loads of sheets. This Baker crane truck not 
only lifts, but carries and piles, as well. 


I—This shows how effectively lift trucks and 


stackers can be used in combination. The racks 
enable the material at Barrett-Craven's stock 
room to be piled five tiers high, whereas, if 
only the lift truck were used, more than five 
times this much floor storage area in square 
feet, would be required. 


J—While the average industrial plant has use for 


long-boom crane trucks in some places and 
short-boom cranes in others, this telescoping 
Elwell-Parker truck gives this dual or general 
all-around service. 


K—Here 1,800-lb. rolls of paper are piled with 


this Revolvator. The same equipment is used 
to remove the rolls from storage. 
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are the only ones producing similar 
equipment, as these are merely state- 
ments that the company mentioned 
has added the special features de- 


scribed. Frequently, they differ 
somewhat from that used by another 
manufacturer, although in many 


cases each accomplishes practically 
the same purpose. 


SOME DEVELOPMENTS OF HAND AND 
POWER INDUSTRIAL TRUCKS 


As a large portion of industrial 
handling is done by trucks, it is na- 
tural that much of the development 
during the past year has been in this 
field of equipment. This was also 
true of the previous two or three 
years. 

About a year ago, Barrett-Cravens 
Co., Chicago, III., brought out a new 
type of hand-lift elevating platform 
truck which lifts with the handle at 
an angle of 45 deg. to either side so 
as to facilitate operation in aisles. 
The truck is of all-steel construction 
with roller bearings and Alemite oil- 
ing system. The lifting latch con- 
nects and disconnects automatically 
and the latch is equipped with a 
hardened steel roller which rolls in 
and out of the catch instead of slid- 
ing, thus minimizing wear. 


mii . 
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LARGE BOLT HEAD 
l HARD WOOD TOP 


ENDS OF TOP 
BOARDE PROTECTED $ 


LOCK WASHER 


STEEL LEG 


Improved construction of Barrett 
platform for hand-lift trucks. 


In this platform for hand-lift trucks, 
the legs are welded to the angle-irons 
as shown. The other angle-irons pro- 
tect the ends of the platform boards 
and give a firm bearing surface for the 
bolt heads and the legs. 


a v—xT.: —————8 

One example of a special applica- 
tion of a hand-lift truck to the work 
it is to perform is shown by the spe- 
cial Jacklift hand truck, Lewis-Shep- 
ard Co., Boston, Mass., shown in the 
right-hand illustration at the bottom 


of page 69. This truck, which has 


a high lift of 6 in., is equipped with 
a turn-table to remove and move 
products that are delivered to or 
from a machine on rolls, such as 
some products of rubber and textile 
machines. For example, to remove 
a heavy roll the turn-table is placed 
at right-angles to the carrying plat- 
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form as shown in the illustration. 
The uprights of the turn-table are 
placed under the ends of the axle 
running through the roll. Elevating 
the platform raises the roll suffi- 
ciently to lift the roll axle clear of 
its bearing supports. The truck is 
pulled out and the turn-table then re- 
volved parallel to the carrying plat- 
form of the truck so that it can pass 
through narrow aisles or openings. 
In some plants this type of work is 
done by hand hoists although many 
concerns have installed electric 
hoists for the work. Attachments 
like this will enable one man to re- 
move or insert a roll alone and with 
the same equipment move it to its 
destination and similarly place it in 
storage or in another machine by 
merely reversing the process. It is 
to such ingenuity as this in apply- 
ing special grasping or holding de- 
vices to standard material handling 
equipment that industrial men are 
now devoting much of their time 
and on which they depend for mak- 
ing increased savings. This truck 
could back up to a machine, lift the 
roll and be away before the roll could 
be lifted by some of the common 
methods of doing this work. 
Manufacturers of electric indus- 
trial trucks and tractors have also 
brought out several new types. One 
of the most interesting of these, 
which was developed by the Elwell- 
Parker Electric Company, Cleveland, 
Ohio, is an electric elevating “Truc- 
tor“ arranged for handling rolls, 
barrels, bales or boxes. These are 
handled by a revolving cradle at- 
tached to the front of the elevating 
platform as shown in one of the ac- 
companying illustrations. This ma- 
chine is primarily designed for pick- 


Four electric and air hoists de- 
veloped during 1924. 


The Type R electric hoist (upper left) 
was brought out by Roeper Crane & 
Hoist Co., Reading, Pa., is available 
in capacities ranging from 600 to 4,000 
Ib. and contains an automatic stop of 
the trip-lever type which may be ad- 
justed for any length of hook travel. 
A mechanical brake acting in series 
with the controller helps to hae 
quickly, Ingersoll-Rand Co., New Yor 
City, brought out the new type of air 
hoist (upper right). The outstanding 
characteristics are briefly: low head- 
room required: relatively light weight; 
automatic brake to hold the load if air 
supply fails: a graduated throttle for 
close regulation of lifting and lower- 
ing sneeds. Some features of Ameri- 
can Engineering Co., Philadelphia, Pa., 
new Lo-Hed hoist (lower left) are au- 
tomatic holding and lowering brakes. 
a safety device to check the hoist and 
throw off current at upper limit of 
travel, roller bearings and automatic 
system of lubrication. The Sullivan 
Machinery Co., Chicago, III., electric 
hoist (lower right) can lift 2.000 Ib. 
vertically at 110 ft. per min. e 614- 
hp. specially designed d.c. or a.c. West- 
inghouse motor is enclosed within the 
hoist drum. Direct current motors are 
compound wound, with series charac- 
teristics, 
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Handling Materials with Hoists and Conveyors 


Ten Examples of Equipment Applications on a Variety of Jobs 


| TE Pio T 


A—Here practically every machine and assembly 
space is served by an Ingersoll-Rand air hoist. 
In heavy-machine shops, such as this, a large 
gang of helpers would otherwise be necessary. 


B—This Root cupola-charging hoist may be op- 
erated with either magnet, dump-bottom bucket 
or grab bucket for handling different materials. 


C—Economies have been effected in many textile 
plants through the use of pneumatic conveyors, 
such as this Sturtevant installation, for handling 
cotton, wool and many other light materials be- 
tween operations and to and from storage. 


D—These Harnischfeger Corp. cranes carry a 45- 
in. and a 65-in. Ohio round mill-type, lifting 
magnet for storing and classifying the miscel- 
laneous scrap which is to be reclaimed or sold 
in the reclamation yard of the Chicago, Bur- 
lington & Quincy R. R. Because of the heavy 
weight and comparatively low value of the ma- 
terial, handling it by a magnet is one of the 
most economical methods. 


E—Conveyors are one of the most advantageous 
methods of handling material which “flows” in 
quantity between given points. This Standard 
apron conveyor handles either empty or packed 
cases of yeast between the packing, storage and 
shipping departments. 

F and G—Here two Jeffrey apron conveyors are 
used to take buckets of white lead from base- 
ment storage to the floor above where they are 
transferred to a portable conveyor, which car- 
ries them directly to the car door, as shown in 
F. Where the material handled is not easily 
damaged one conveyor often feeds the next and 
eliminates the need of a man between. 


I—Coal handling and miscellaneous yard work 
which usually requires large gangs intermit- 
tently, can be done more easily and econom- 
ically by yard cranes. One type of machine well 
adapted for this work is the Industrial Works 
10-ton crawler crane, which is built for either 
gas, electric or steam power drive. This crane 
is readily converted into a shovel or pile driver, 
or used with a hook or magnet for lifting. 


H—This is another example of the use of a con- 
veyor for “flowing” material. Here a Jeffrey 
wood apron conveyor with cleats carries kegs of 
nails from the nail machines to trucks, as shown 
here, bound for storage or car-loading. 


J—One of the problems in connection with the 
use of an electric lifting magnet is to care for 
the wire supplying power to the magnet. Here 
a Mogul Type Reelite (Appleton Electric Co.) 
is installed on a Harnischfeger Corp. locomotive 
crane used for miscellaneous handling. 


K Spiral chutes or other gravity conveyors do 
much to relieve elevators by handling materials 
downward. This is a Standard Conveyor instal- 
lation. for handling cases of shoes in the plant 
of the U. S. Rubber Co. 
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A modification of a two-wheeled 
truck with a swivel trailer for 
carrying heavy loads. 


The handles of this truck are elevated 
vertically until the tip is worked under 
the load to be lifted as in the ordi- 
nary warehouse truck. When the load 
is lifted, however, the body of the truck 
can be made to recline as shown in 
the sketch. The operator merely 
pushes or pulls the load as in an 
ordinary truck without being required 
to support it nor to hold it up or lift 
it again in case he should let loose of 
it. The chain can be hooked over 
boxes or other packages, so as to hold 
them when loading the truck. This 
cruck will handle 1,500 lb. which would 
be a heavy load for at least two men 
on the ordinary two-wheel truck. 


ing this material up, whether it is 
lying down or standing up, standing 
it on end if desired and then raising 
it to pile up to 6 ft. high. This ma- 
chine has two separate motors for 
operating the hoist; one raises and 
lowers the load and the other re- 
volves the apron or cradle to stand 
the material on end or to lay it down. 

Combination machines, of this and 
other similar types that will pick up, 
carry and stack are doing away with 
many of the back-breaking jobs in 
material handling. A 600- or 1,000- 
Ib. barrel or bale can be handled and 
stacked by this machine and the op- 
erator easier than a man can handle 
a 100-lb. sack. Usually a helper 
speeds up the work by hooking and 
unhooking the chain which goes 
around the load. This also makes 
warehouse space more usable by pil- 
ing several tiers high. 

Another development by this com- 
pany is a “Hi-Lo” tructor with an 
end-dump body fitted with wheels 
built on the platform. This will lift 
2,000 Ib., or from 27 to 100 cu. ft. 
of bulky material, transport it and 
elevate so that it can be dumped into 
a bin, car or hopper as required. 

Still another develupment is a tele- 
scopic crane boom for attachment to 
the Elwell-Parker crane truck. This 
enables the crane to be used for high 
work either outside or where a ceil- 
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ing is extra high as in a warehouse 
or railroad shop and telescope so that 
it can be used within cars or in build- 
ings with low ceilings without ex- 
tending the boom out so near hori- 
zontal that it cannot lift heavy loads. 
Improvements of this nature make 
equipment more of a general-duty 
type and help meet the varying de- 
mands put upon it in the average in- 
dustrial plant. 

The Baker R. & L. Co., Cleveland, 
Ohio, has also brought out some im- 
provements on its locomotive type 
cranes on an industrial truck. This 
type of crane is used quite widely 
around railroad repair shops for 
holding pumps, side rods and other 
heavy parts while they are attached, 
and for high piling, serving machine 
tools and handling heavy material. 
Another interesting application was 
made of a Baker truck for handling 
annealing pots in a malleable iron 
foundry. Instead of using a storage 
battery, this truck was provided with 
a motor generator set connected to 
a standard power outlet through an 
extension cable. In this case, the 
truck was to be used only in one 
room. Ordinarily such industrial 
trucks must have a wider range of 
travel than is possible without stor- 
age batteries. | 
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Another company which has done 
considerable development in extend- 
ing their line of electric trucks dur- 
ing the past year is The Crescent 
Truck Co., Lebanon, Pa. One of 
these is a special elevating platform 
truck which has a height of 17% in. 
from the floor when the platform is 
down and 22 in. when the platform 
is raised. This uses 15-in. wheels 
with tires 5 in. wide, which enables 
it to be used in yard and general 
purpose work. It is constructed for 
heavy service with a lifting capacity 
of 3,000 lb. 

Another addition to the Crescent 
line is a special truck built for hand- 
ling annealing pots in and out of the 
furnaces. Incidentally, the instal- 
lation of this truck, shown at E page 
66, and two other industrial trucks 
tor handling loose materials enabled 
the company to get along with 20 
less laborers than formerly had been 
required continuously for this work. 
Also, a big saving has been made in 
that these trucks can handle mate- 
rial around the plant in such quick 
time that men are not held for short- 
age of supplies, which has materially 
reduced the overtime formerly neces- 
sary. 

In addition to their new type of 
lift truck, the Barrett-Cravens Co., 


~ 


Two special adaptations of stan- 
dard equipment. 

The annealing pot handling 
; Baker R. & L. 
land, Ohio, is provided with a mo- 
generator 
cord instead of 


(left), 


tor 


The 

Mass., 
t ruck 
Cleve- 


tion 
Go 
rights. 

rolls from 


set and extension 


a storage battery 


(right) 
equipped with a turntable with up- 

This is used to 
rubber, 
machines and transport them. 


as the truck operates in one room. 
Lewis-Shepard 
shows a 


Co., Boston, 
special applica- 
of a Jacklift truck, 
remove 
textile or other 
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Chicago, Ill., brought out a “Steeleg’’ 
platform for lift trucks. The fea- 
ture of this is that the leg is welded 
to an angle-iron to make the plat- 
form more rigid as shown in the 
sketch at the top of page 67. This 
strengthens the platform at its weak- 
est point. 

A new type of trailer to be used 
in connection with industrial tractors 
was brought out recently by The 
Service Caster & Truck Co., Albion, 
Mich. This consists of a platform 
with uprights at one end to make it 
a push truck, which travels on a 
pair of swivel casters at one end and 
solid casters at the other. Another 
development of this company is a 
heavy-duty caster, equipped with 
Hyatt bearings, and hardened steel 
rolls. The construction of this is 
shown and described in connection 
with the drawing below. This 
company also brought out a special 
all-steel tri-wheel truck, which is a 
special modification of the two-wheel 
hand warehouse truck, to be used for 
handling heavy loads. The general 
features of it are shown in the draw- 
ing on page 69 and the description 
accompanies it. 

Two other new types of heavy- 
duty casters have also been intro- 
duced during the past year by the 
Bond Foundry & Machine Co., Man- 
heim, Pa. These are both illustrated 
and described on this page. 


DEVELOPMENT IN TIERING MACHINES, 
STACKERS AND ELEVATORS 


Most of the developments during 
the past year in tiering machines, 
stackers and elevators have been to- 
ward improving features of construc- 
tion and also in providing special at- 
tachments or building equipment of 
special size and capacity to do par- 
ticular tasks. For example, The 
Economy Engineering Co., Chicago, 
IIl., built a special double-post paper 
handling tiering machine for use in 
a newspaper plant. This lifts the 
platform from both ends and travels 
under power on a track as may be 
seen from the illustration at the head 
of this article. Power is obtained 
through special third rail recessed 
in the side of the track way as may 
be seen just behind the operator. 
This is not only used to pile the 
paper four tiers high to the ceiling 
but also to remove the paper from 
storage and put it on the runway to 
the pressroom, which is shown as 
about on a level with the operator’s 
shoulders. 

When it is possible to pile paper or 
other warehoused or stored material 
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entirely to the ceiling the cubic con- 
tents count as well as floor space. 
Four tiers high multiplies the value 
of the floor space by four. Portable 
elevators make a cubic foot near the 
ceiling as valuable as a similar space 
near the floor. 

Another type of portable double- 
post elevator for handling paper 
rolls, which is moved by hand on its 
wheels instead of a track, was de- 
veloped by the Barrett-Cravens Co., 
Chicago. Other developments in thiis 
equipment brought out by this com- 
pany were gear housings, a governor 
for controlling when lowering under 
load and other special features of 
construction. 

An attachment for the Lewis- 
Shepard Co., Boston, Mass., stacker, 
is a special sliding platform built 
for use at the plant of the Wayne 
Tank and Pump Co., to be used in 
connection with storing material in 
bins, illustration G, page 66. For- 
merly one man stood on the floor, 
the other on the ledge and passed 
material from one to the other. By 
using a cable control, one man on the 
ledge can operate it to the correct 
height for proper unloading, or even 
change its height if part of the ma- 
terial should go in a lower bin. When 
the load is at the proper height a pin 
which locks it in the center of the 
platform is removed and the load 


Three designs of truck casters for 
heavy-duty service. 


Production men are realizing the value 
of roller or ball bearings in both the 
axle and swivel of the truck or trailer 
casters because of reduced friction 
and the better oppartunity to lubricate 


properly. 
heavy-duty 


To meet the 
operation 


demand for 
the Service 
Caster & Truck Co., Albion, Mich., de- 
veloped the caster with two sets of 
Timken tapered rolls in the swivel as 
shown in the drawing at the upper 
right. The wheel axle is provided 
with Hyatt bearings. In addition, two 
other types of heavy-duty casters were 
developed by Bond Foundry and Ma- 
chine Co., Manheim, Pa. One of these, 
the triple ball race caster, has two 
large diameter steel balls placed to 
carry the load while a third, and 
smaller ball is located near the king 
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rolled to one side. There is a limit, 
of course, as to the distance which 
any given weight may be shifted to 
the side. 

In redesigning the revolvator, 
manufactured by Revolvator Co., 
Jersey City, N. J., silent chain drive 
is now used. Other attachments 
have been over-travel limit stops, 
safety attachments to catch the plat- 
form should the cable break, and a 
new design of floor locks, together 
with other improvements which fa- 
cilitate the operation. 

The Economy Engineering Co., 
Chicago, has provided a special plat- 
form which may be attached to any 
of its various types of tiering ma- 
chines so that the operator can ride 
up with the load. This is detachable 
so that it may be hooked on any of 
the three sides of the platform. 
Where it is necessary for the plat- 
form to come down close to the floor, 
a special folding step is used. Push 
button control from the platform is 
usually provided for machines where 
the operator rides with the load. 

The Standard Conveyor Co., St. 
Paul, Minn., has also brought out 
several improvements in construc- 
tional features in its piling machine. 

During the past year several elec- 
tric and air hoists have been devel- 
oped either to add sizes to already 

(Please turn to page 112) 
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bolt to absorb side shocks. The square 
king bolt fits into a square hole, the 
nut turns with the bolt and so does not 
work loose. The swivel is fitted with 
Alemite oilers. This caster is designed 
for unusually hard service or on loads 
which have been considered too large 
for anything but crane. transportation. 


. The other swivel caster (lower right) 


contains two races, one of which uses 
tanered rollers with shoulders and the 
other high-carbon steel balls. The 
rollers carry the weight of the load 
and the balls protect the king pin from 
shock. Any Bond standard wheels 
may be used. 
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THIS YEAR, just as in other years, electrical equipment 
employed in the path of power service has been improved 
with the object of securing longer life, more efficient opera- 
tion, less maintenance, and lower first cost. This article, 
which is a compilation of reports received from manufac- 
turers, gives the details of the progress that has been 
made along these lines. Another article on the associated 
mechanical devices employed in the path of power service 
appears on page 55 of this issue. io 
* * 
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This synchronous motor is driving a rub- 
ber mill line. It is equipped with im- 
proved dynamic braking equipment which 
is said to give a reliability comparable to 
the direct-current drive used on calenders. 
No clutches or friction brakes are used on 
this application. Details concerning the 
dynamic braking equipment are given in 
the following article. 


Typical Developments 
In the Use of 


Electrical Devices in the 


Path of Power Service 


That Represent the Combined Efforts of Users 
and Manufacturers to Improvz Operation, to Re- 
duce Maintenance, and to Modify Existing Power 
Drive Equipment to Meet Changing Requirements 


By ARTHUR J. WHITCOMB 


Associate Editor, Industrial Engineer 


Great progress also has been made 
in lighting equipment that is dust- 
tight. 

One. of the first large installations 
of automatic equipment in a steel- 
plant substation has been completed. 
Progress has also been made in in- 
dustrial heating. Who then can say 
that no progress has been made in 
industrial electrical equipment dur- 
ing the past year? 

To help the readers of INDUSTRIAL 
ENGINEER keep abreast of the times, 


HILE many of the develop- 
W ments in industrial equip- 

ment during the past year 
have been along conventional lines, 
there have been numerous detailed 
improvements that will reduce oper- 
ating costs enough to make an in- 
vestigation of these new products de- 
cidedly worth the time so spent. 
Industrial motors have been im- 


proved in ways that are expected to 
greatly reduce maintenance costs on 
them; improved motor applications 
have been made which have in- 
creased production; new types of 
control, improved resistors, new 
forms of limit stops and safety fea- 
tures have all been incorporated in 
control developments during the past 
year. 


a review of the recent developments 
in electrical equipment has been pre- 
pared with the idea that in this im- 
proved equipment the reader may 
see new ways of increasing produc- 
tion, decreasing operating cost and 
insuring more reliable and satisfac- 
tory operation. 

Let us now consider the develop- 
ments more in detail. 
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Industrial Motors 


General. — Development in indus- 
trial motors during the past year 
has taken place along the lines of 
bearing improvement, gas- and dust- 
tight enclosures, and better operat- 
ing characteristics on synchronous 
motors. 

Let us first consider the situation 
in regard to motor bearings. The 
Westinghouse Electric & Manufac- 
turing Company reports that im- 
provements have been made in the 
design and construction of bearings 
in oil-ring bearing motors, resulting 
in a reduction of oil leakage, also 
that a refill feature has been added 
to all grease cup lubricated stan- 
dard motors whereby cups may be 
_ refilled without removing them. 

On the other hand, that the ball 
and roller bearing motors have been 
a contribution appreciated by indus- 
try is shown by reports of Fair- 
banks, Morse & Company of Chicago, 
III., that 75 per cent of the motors 
now produced by them are equipped 
with ball bearings. 

An increasing demand for motors 
with ball or roller bearings is also 
reported by the Howell Electric Mo- 
tors Company of Howell, Mich. As 
a result, it added to its line a motor 
which is fitted with tapered-roller 
bearings. 

The maker states that this bearing 
is very rugged, having lapped rolls 
made of molybdenum steel, which 
should last as long as the motor 
without additional adjustments after 
leaving the factory. However, should 
they wear so as to allow play in the 
bearings, the maker reports that 
they can be easily taken up by re- 
moving shims between the outer 
grease cap and bearing housing. 

This company further states that 
grease retainers are used in all roller- 
bearing motors, so that any hori- 
zontal motor can be operated in any 
position, whether vertical or hori- 
zontal, as these grease retainers hold 
the grease in the bearing. 

Special attention has been given to 
the interest expressed by engineers 
in the use of ball and roller bear- 
ings in electric motors, by The Re- 
liance Electric & Engineering Com- 
pany of Cleveland, Ohio. Both its 
type T direct-current motors and 
type AA squirrel-cage motors are 
now equipped when desired with 
either ball or roller bearings. 

The Reinhard Electric Motor Com- 
pany of Cleveland, Ohio, points out 
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that it builds nothing but ball-bear- 


ing motors equipped with Hess- 
Bright, single-row, deep-groove ball 
bearings. This company also reports 
that it has standardized on Alemite 
fittings and Alemite lubricant for 
lubricating these bearings. 

In connection with the develop- 
ment of ball and roller bearing de- 
sign, the opportunity has been of- 


fered to improve on the construction 


of enclosed dust-tight motors. The 
Reliance Electric & Engineering 
Company reports that with the usual 
construction, it has not been possible 
to keep out all dust under the condi- 
tions found in coke and sintering 
plants and through the use of ball or 
10ller bearings, this company has de- 
vised a dust-tight construction for 
the bearings. A further improvement 
is the use of solid end brackets for 
the back end and solid brackets hav- 
ing hand hole covers at the front 
end. The seats for the covers are 
machined. The covers are machined 
and fitted with rubber gaskets, thus 
making sure of really dust-tight 
joints. This construction is the 
same as used for water-tight motors 
for navy use. 

The General Electric Company in- 
forms us that since it is unsafe to 
operate even the enclosed type of di- 
rect-current motor in the presence of 
vapors from gasoline, ether, and the 
like, a special construction has been 
adopted for both motors and control 
apparatus. 

The Electro Dynamic Company of 
Bayonne, N. J., has developed a new 
ball-bearing, water- and gas-tight 
motor, which it states will operate 
with safety in places where explosive 
gases exist. 

The Westinghouse Electric and 
Manufacturing Company reports 
that an oil-well motor having an en- 
closed collector has been placed in 
operation and has proved highly suc- 
cessful. A group of 20 induction 
motors designed for operation in an 
atmosphere containing one-half of 
one per cent of acetone have been 
developed by the General Electric 
Company. These motors are of the 
enclosed ventilated type, as shown in 
an accompanying illustration, taking 
air from outdoors through a pipe to 
the top of the motor and discharging 
it through holes in the side of the 
stator frame. 

In the manufacture of its im- 
proved motors and generators, the 
Lincoln Electric Company of Cleve- 
lund, Ohio, reports that the opera- 
tion of arc welding plays an impor- 
tant part. On these motors, the end 


results 
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frames are made by rolling a stan- 
dard steel angle in the shape of a 
ring and welding the ends together. 
The feet are drop forgings and are 
welded to the angle steel and frame. 
The fan blades for the ventilation 
of the motor are welded to the ro- 
tor. Finally, the copper rods or 
winding of the rotor are welded to 
the short-circuiting rings. 

Direct-Current Motors.—A note- 
worthy advance in direct-current 
motors has been made by the Lite- 
weld Company of, Cleveland, Ohio. 
This company reports that it has 
made improvements in the field con- 
struction—the heaviest part of any 
motor or generator—that reduce the 
amount of material required per 
horsepower for a given temperature 
rise and overload capacity to only 
about one-half the weight of the or- 
dinary type of motor. This reduc- 
tion in weight results in a reduction 
in cost, the company informs us. 
The company also states that these 
are obtained through a 
divided-pole construction which en- 
ables the material in the field to be 
used more effectively. The ordinary 
induction motor of a given speed and 
capacity has an air-gap only 35 per 
cent to 40 per cent of that of the 
corresponding direct-current motor. 
In the case of the direct-current mo- 
tor the air-gap has to be made longer 
in order to reduce the cross-flux due 
to the load carried by the armature. 
The Liteweld design is said to prac- 
tically eliminate the cross-flux by 
forcing it to take a path of very 
high magnetic resistance or reluct- 
ance and this avoids the necessity of 
using this large air-gap, thereby per- 
mitting the use of the same sized 
gap in a direct-current machine as 
in the induction type. The manufac- 
turer further states that since less 
total flux is required by this con- 
struction, the field coils can be re- 
duced in size and, therefore, permits 
the radial dimension of the field sys- 
tem itself to be reduced. 

An important development for di- 
rect-current armatures is the “Frog 
Leg” winding brought out by the 
Allis-Chalmers Manufacturing Com- 
pany of Milwaukee, Wis. The maker 
states that the previous limitations 
of direct-current machines, due to 
the difficulties of commutating heavy 
loads or rapidly fluctuating loads, are 
now removed, and that this company 
is now able to offer machines having 
commutating qualities far beyond 
anything previously built. 

Induction Motors.—A new com- 
pany has entered the field of induc, 


February, 1925 


tion motor manufacturers. This 
company, The Linzee Electric Motor 
Co., of Mansfield, Ohio, has taken 
over and assumed control of the 
Phoenix Electric Company. For the 
present, the new company will con- 
tinue to manufacture the old type 
a. c. motors and will in addition to 
this line put on the market a com- 
plete new line of polyphase induction 
motors to be known and sold under 
the trade name, Linzee Type L. B. 
and Type L. S. 

A new line of single-phase, ad- 
justable varying speed, brush-shift- 
ing motors, having a 2% to 1 speed 
range with constant torque load is 
announced by the General Electric 
Company. 

Single-phase motor development 
also included a line of varying-speed, 
repulsion motors designed primarily 
for direct connection to slow speed 
exhaust fans. These motors are to- 
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tally enclosed and are said to have 
the characteristics of a series motor 
which are desirable for a fan load. 
This development has been made by 
the General Electric Company. 

The U. S. Electrical Manufactur- 
ing Company of Los Angeles, Cal., 
which has heretofore confined itself 
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more or less to the Western market, 
is now shipping its motors east by 
way of the Panama Canal and is thus 
able to compete with Eastern manu- 
facturers. This company makes 2 
double-cage, polyphase, ball-bearing 
motor which is said to dispense with 
a compensator for starting. 


New developments that have been 
made in motors to fit special re- 
quirements of industrial users. 


These motors have been designed for 
the purpose of giving better protec- 
tion from dust and gaseous atmos- 
pheres, for special starting condi- 
tions, to give lessened bearing 
maintenance, or to fit new variable- 


speed applications. At A is shown 
a General Electric 5-hp. gasoline 
fume-proof, direct-current motor 


which is said to cause no danger of 
explosion in a gasoline atmosphere. 
At B is shown a Westinghouse in- 
duction motor with the slip rings 
totally enclosed. This motor was de- 
signed for oil-well operation. G.. 1s 
the new tapered roller-bearing 
equipped motor made by the Howell 
Electric Motors Company, Howell, 
Mich. At D is shown the new ball- 
bearing equipped squirrel cage motor 
developed by he Linzee Electric 
Motor Company of Mansfield, Ohio. 


>À get Yor ea, 


E shows the new water-tight, dust- 
tight, ball-bearing equipped, direct- 
current motor developed by the Re- 
liance Electric & Engineering Com- 
pany, Cleveland, Ohio. F is the type 
AA, alternating-current motor, made 
by the same company and which is 
now equipped with ball bearings. At 
G is shown a Westinghouse synchron- 
ous motor, having a built-in magnetic 
clutch so as to permit the motor to 
start heavy loads with a starting 
torque available up to the pull-out 
torque of the motor. A is a 440-volt 
induction motor that was designed 
for operation in an atmosphere of 
one-half of one per cent acetone. 
Pure air from outdoors is piped in 
through the top and discharged 
from the sides of the stator frame. 
This motor was made by the General 
Electric Company. At J is shown a 
new single-phase, adjustable varying 
speed, brush-shifting motor, having 
a 2\% to 1 speed range. It is also made 


by the General Electric Company. 
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The usual squirrel-cage motor is a 
low reactance machine and has either 
a low or high resistance rotor wind- 
ing. A new line has been designed 
by the General Electric Company 
having high reactance and either a 
low resistance or high resistance ro- 
tor winding, depending upon the ap- 
plication requirements. Such motors 
are applied quite extensively in the 
smaller sizes to refrigerating ma- 
chines and in the larger sizes for 
driving pumps and other power sta- 
tion auxiliaries. They are thrown 
directly on the line without any 
starter to reduce the voltage. 

Synchronous Motors.—The Allis- 
Chalmers Manufacturing Company 
states that in response to the demand 
for small synchronous motors having 
a speed of 1800 r.p.m., it has devel- 
oped a self-excited revolving arma- 
ture type of machine. These ma- 
chines are said to develop quite a 
high starting and pull-in torque and 
are well suited for centrifugal pump 
drive. An illustration of this motor 
is shown in this article. 

A new line of synchronous motors 
for driving air and ammonia com- 
pressors that uses a new type squir- 
rel-cage winding which permits the 
designing engineers to have greater 
control of the current and torque 
during the starting period of the 
motor, and in addition permits the 
motor to be thrown on at full volt- 
age with the assurance of minimum 
starting current and proper torques, 
is reported by the General Electric 
Company. 

A motor has been developed by the 
Westinghouse Electric & Manufac- 
turing Company for use in drives 
where the advantageous character- 
istics of the synchronous motor are 
desirable and where high starting 
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torque with low starting current is 
essential. The motor is a combina- 
tion of a standard synchronous mo- 
tor with a standard magnetic clutch 
arranged so as to form a compact 
unit. This permits the motor to 
start heavy loads with starting tor- 
que available up to the pull-out 
torque of the motor. The manufac- 
turer states that the motor has the 
advantage of pull-out starting 
torque, with low starting current, 
combining these advantages with 
simple, rugged construction, high 
efficiency and the desirable power- 
factor characteristics of standard 
synchronous motors. 


Industrial Motor 
Drives 


Steel Mills.—The most noteworthy 
feature of the electrification of steel 
mills has been the large number of 
installations of new equipment that 
were started during a year of com- 
parative dull times for the steel in- 
dustry. This fact is a most striking 
indication of the economy and re- 
liability of electric operation. 

The Westinghouse Electric & 


Two motor drive applications that 
are said to have greatly increased 
production. 


At the left is shown a new variable- 
voltage, reversing, planer equipment 
that has been developed by the West- 
inghouse Electric & Manufacturing Co. 
The motor-generator set supplying the 
variable-voltage power can be seen at 
the left of the illustration. It is pointed 
out that this equipment gives a greater 
speed range, smoother acceleration and 
braking, combined with a power saving 
over the equipment previously made by 
this company. At the right is shown 
a differential drive for oil-well drilling 
that has been develoned by the same 
company. Details of this drive are 
given in the accompanying article. 
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Manufacturing Company report that 
five reversing equipments have been 
sold, including two large reversing 
blooming mills, two roughing struc- 
tural mills and one finishing struc- 
tural mill. This company further 
states that one of the greatest ad- 
vances in the art was made this year 
when the company placed in opera- 
tion a 5,000-hp., single-unit, revers- 
ing motor, which receives its power 
from two 2,100-kw. generators oper- 
ating in parallel. It has heretofore 
been considered necessary to drive 
one motor from a single generator, 
and if two motors were used, two 
generators were required. By this 
new arrangement, it is said to be 
possible to design both motors and 
generators to best meet their oper- 
ating conditions, rather than to have 
the design determined by the num- 
ber of units of which the equipment 
is composed. 

A 40-in. and a 44-in. blooming mill 
are each being equipped with 7,000- 
hp., single-unit motors by this com- 
pany. These are said to be the 
largest single unit, direct-current 
motors ever built. A 500-hp., direct- 
current motor is being installed by 
this company to operate at 155 to 
500 r.p.m., at any voltage from 220 
to 250. This application is for a 
tire mill and constitutes a speed 
range of 3.7 to 1, which is excep- 
tionally high for motors of this ca- 
pacity. 

The Allis-Chalmers Manufactur- 
ing Company of Milwaukee, Wis., re- 
ports that it has installed and put in 
successful operation three mill-type 
synchronous motors on main roll 
drives of steel mills. The motors are 
ccupled to the mills without the use 
of a clutch. 

By the addition of 45,350 hp. (nor- 
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mal continuous rating) of main roll 
motors during the year, the total of 
General Electric main roll drives has 
been brought to over 700,000 hp. 


This company reports that an in- 


stallation of particular interest is a 
14-in. continuous merchant mill at 
the plant of the Jones & Laughlin 
Steel Corporation. The nine stands 
of this mill are driven by seven, ad- 
justable-speed, direct-current mo- 
tors. This mill will roll a very large 
tonnage of diversified products and 
the employment of individual drives 
with a very wide speed range is said 
to enable it to do the work of two 
or three less flexible mills. 

The 26-in. rail mill at the Spar- 
rows Point Plant of the Bethlehem 
Steel Company was changed over 
from steam to electric drive by the 
installation of two 3,000-hp., 500- 
r.p.m., 660-volt constant-speed, in- 
duction motors made by the General 
Electric Company. 

The Reliance Electric & Engineer- 
ing Company reports that one of its 
most important application develop- 
ments is an individual wire block 
driven by an adjustable-speed, d.c. 
motor with special automatic control 
equipment. 

Textile Mills.— An application of 
the brush-shifting motor to the op- 
eration of textile finishing machin- 
ery (where the operation of several 
motors in tandem may be required) 
is reported by the General Electric 
Company. In each case the speed of 
the main motor is controlled by push 
buttons through the operation of a 
pilot motor, which actuates the 
brush-shifting mechanism, while the 
speed of the other motor is controlled 
either mechanically or electrically by 
the motion of a compensating gate 
or floating roll between sections of 
the machinery. 

Rubber Mills —The Westinghouse 
Electric & Manufacturing Company 
reports that for the past two years, 
its mill drive using synchronous mo- 
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Three motor drives that were de- 
signed to fit the user’s special re- 
quirements. 


At the left is shown a new gearless, 
traction elevator motor built by the 
Allis-Chalmers Manufacturing Com- 
pany. This is a slow-speed, shunt- 
wound motor, the armature shaft of 
which is coupled direct to the hoisting 
drum. In the middle illustration is 
shown a special, variable-speed motor 
application made by the Reliance Elec- 
tric & Engineering Company of Cleve- 
land, Ohio, to a wire-drawing machine. 
It is said that increased production is 
obtained with this individual drive ar- 
rangement. At the right is shown a 
log carriagé drive developed by the 
Westinghouse Electric & Manufactur- 
ing Company. The motor shown is 
rated at 35 hp. with a speed range of 
10 to 80 r.p.m. and is supplied with 
variable-voltage, direct-current power 
from a 30-kw., motor-generator set. 


tors without clutches or brakes has 
proven highly satisfactory. This is 
said to be due to the use of dynamic 
braking as a means of making safety 
stops, which has proven thoroughly 
reliable and effective. During the 
past year, further improvements and 
developments in the control have 
been with the view of obtaining even 
greater reliability and quicker stop- 
ping. This company states that the 
development of a three-pole, double- 
throw, gravity-operated contactor 
makes it possible to use dynamic 
braking with either manual or auto- 
matic starters, the braking feature 
being entirely independent of any ex- 
ternal control circuit or relay opera- 
tion. 

The elimination of the use of low- 
voltage and other relays in the brak- 
ing circuit, together with the use of 
gravity operation is said to give a 
reliability exactly comparable to di- 
rect-current drive for  calenders, 
which has been in use for so many 
years. 

Lumber and Woodworking Mills. 
—A variable-voltage, log carriage, 
consisting of a d.c. motor and motor- 
generator set, has recently been in- 
stalled on the Pacific Coast by the 
Westinghouse Electric & Manufac- 
turing Co. The motor is rated at 35 
hp.. and has a speed range of from 
10 to 80 r.p.m. Power is supplied by 
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2 30-kw., 320-volt motor-generator 
set. 

The General Electric Company 
reports that small, drawn shell type 
motors of unusual speed were pro- 
vided for the operation of woodwork- 
ing machinery. A typical applica- 
tion of this character consists of 
five small motors with operating 
speeds of 25,200 r.p.m., which are 
utilized by a single woodworking ma- 
chine, the current for the small high 
speed motors being supplied by 
means of a frequency changer. The 
motors operate on three-phase, 240- 
volt, 420-cycle circuits. 

Paper Mills.—A new rotary con- 
tactor regulator for sectional paper- 
machine drive, that is an improve- 
ment over past apparatus in that 
great simplicity and a more flexible 
action is obtained, is reported by the 
Westinghouse Electric & Manufac- 
turing Company. 

A paper winder drive with auto- 
matic regenerative tension control 
for sheets and including automatic 
regenerative and dynamic braking for 
the winder and unwinder has been 
placed in operation by the same com- 
pany. This is said to permit much 
faster operation of the winder and 
much better control of the finished 
roll, as it produces a uniform tight- 
ness throughout. The expense and 
annoyance of frequent replacement 
of friction brake linings on the un- 
winding roll is thus avoided. 

Automatic speed regulation of the 
vibrating regulator type for single 
motor paper machine drive has been 
developed and placed in operation by 
the Westinghouse Electric & Manu- 
facturing Company. The use of this 
device is said to make possible a de- 
gree of regulation not previously 
cbtainable through inherent speed 
regulation characteristics of the mo- 
tor and generator. This is a decided 
advance in the art and contributes 
in a marked degree toward precision 
control, which is becoming of greater 
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and greater importance in this in- 
dustry. 

An installation of a sectional 
paper-machine drive, for a 175-in., 
1,000-ft. per min., Kraft paper ma- 
chine, has been placed in operation 
by this company. This is the larg- 
est Kraft paper machine built to 
date. 

An installation of five automatic 
grinder, load regulators for the con- 
trol of as many 1,800-hp. synchron- 
ous motors driving pulp grinders 
has been placed in operation by this 
company. The control of the load on 
these machines is said to relieve the 
governors of the power plant of an 
enormous amount of work and to 
greatly improve the frequency and 
voltage regulation of the entire sys- 
tem. 

Industrial Haulage. — Induction 
motors designed to give a high start- 
ing torque with a relatively low cur- 
rent and a high efficiency when op- 
erating under load were applied for 
the first time to large systems of 
conveyors by the General Electric 
Company. 

The first haulage electrification of 
an open-pit iron mine in America 
was effected by the adoption of three 
60-ton double truck, 500-volt mine 
locomotives made by the General Elec- 
tric Company at a mine of the M. A. 
Hanna Mining Company at Duluth, 
Minn. These locomotives are pro- 
vided with auxiliary cable reels, and 
current supply is effected by means 
of an overhead trolley. 

Machine Shops.—With the im- 
provement in cutting tools and im- 
proved quality of rails has come a 
demand for more driving power for 
frog and switch planers. During the 
past year the Reliance Electric & 
Engineering Company has developed 
and applied motors in sizes up to 100 
hp., 250-1,000 r.p.m. to such planer 
drives. This company further states 
that reversing motor drive with au- 
tomatic control of such work means 
the elimination of belt troubles, 
ample power, accurate speed adjust- 
ments for a cutting speed range of 
1 to 2, and a separate speed adjust- 
ment for return strokes from 50 to 
100 ft. per min. Quick return 
strokes reduce the non-productive 
operating time to one-third that of 
belt drive. 

A complete line of variable-volt- 
age, reversing planer equipments has 
been develoned by the Westinghouse 
Electric & Manufacturing Company. 
Each unit makes use of a separate 
motor-generator set; consequently, it 
is possible to install a variable-volt- 
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age equipment on a planer at any 
point in a plant having alternating- 
current service. Other outstanding 
features that this drive is said to 
have are a greater speed range, 
smoother acceleration and braking, 
and very simple control, combined 
with a power saving in service where 
reversals are frequent. 

Elevators.—The General Electric 
Company reports that radical im- 
provements were made in the operat- 
ing characteristics of its high-speed 
elevator outfits. One of the princi- 
pal difficulties in the past has been 
that the speed, on any one speed 
position of the controller, is decid- 
edly variable with the load, being 
slowest when the motor is hoisting 
ihe maximum load and fastest when 
the motor is being overhauled by the 
load. The improved system consists 
of a motor and motor-generator con- 
trolled on the Ward Leonard prin- 
ciple but with the novel feature of 
an auxiliary series generator by 
which a considerable degree of com- 
pounding can be successfully applied 
to the main generator to an extent 
entirely impracticable to apply in the 
ordinary manner. 

A new gearless traction elevator 
motor for passenger service has been 
developed by the Allis-Chalmers 
Manufacturing Company. It is of 
the shunt-wound type designed for 
operation at slow speeds suitable for 
giving normal car speeds, using 
standard diameter sheaves. The 
system of control used is the Ward- 
Leonard requiring separate motor- 
generator set and variable-voltage 
control. 

Elevator equipment and the neces- 
sary control has been developed to 
such a point of perfection that speeds 
of 1,000 ft. per min. are now entirely 
possible, is reported by the Westing- 
house Electric and Manufacturing 
Company. In fact, there seems to be 
no reason why speeds cannot be in- 
creased up to the limit prescribed by 
the speed at which humans can be 
transported vertically without dis- 
comfort. 

Oi Wells. — The Westinghouse 
Electric & Manufacturing Company 
reports that field tests of the Hild 
differential drive for oil wells have 
been made. Two holes, 3,700 ft. 
deep are said to have been completed 
successfully. 

This drive is designed primarily 
for rotary drilling. Its function is 
the automatic regulation of the 
downward bit feed according to the 
resistance of the formation encount- 
ered. Essentially, it consists of a 
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differential gear unit, two slip- 
ring motors, and a rotary draw- 
works. One of the motors—the drill 
motor—drives the rotary table which 
revolves the drill pipe and at the 
same time drives one-half of the dif- 
ferential. The other—the regulat- 
ing motor—drives the other half of 
the differential. The two motors 
operate the differential in opposite 
directions, the operating motor in a 
direction tending to raise the drill 
pipe and the drilling motor in a di- 
rection tending to lower it. By ad- 
justing the speed of the drilling mo- 
tor slightly higher than that of the 
regulating motor, a slow downward 
feed of the drill pipe is produced. If 
the resistance to the drill is in- 
creased due to change in formation, 
the increased load slows down the 
drill motor and a slower feed re- 
sults. Conversely, a lighter load 
means a more rapid feeding of the 
bit. High resistance encountered in 
drilling through hard rock causes the 
bit to rise until it clears itself. 


Motor Control 
Equipment 


Automatic Controllers. — Because 


_of the very nature of industry and 


the years of study of application and 
performance of motor devices and 
control, there is always a certain 
amount of development and refine- 
ment in controller design and con- 
struction that is accomplished 
through the increased knowledge of 
the requirements of industrial power 
drives. The year 1924 has been no 
exception in showing progress and 
developments. 

One of the outstanding develop- 
ments is the inductive, time-limit 
controller devised by The Cutler- 
Hammer Manufacturing Company of 
Milwaukee, Wis. In the design of 
this time-limit starter the inductive 
principle is utilized to obtain the ac- 
celerating time, a transformer being 
used in place of relays, interlocks, 
dashpots or other moving parts to 
control the time of acceleration. The 
manufacturer states that through 
the medium of the transformer, a 
holding-out current of transient na- 
ture is obtained in successive accel- 
erating switches. Transfer of con- 
nections takes place automatically 
with the cutting out of successive 
steps of resistance without discon- 
nection of the coil circuits. It is said 
that in this new development, the ac- 
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celeration period is very uniform un- 
der ordinary conditions of load vari- 
ations, the time being somewhat 
increased on heavy loads; thus the 
machine driven, whether reversing 
table, screw-down or other auxiliary 
machine, is always brought up to 
speed in the same period to insure 
the productive synchronism and 
plant efficiency desired. 

Another development in time-limit 
acceleration is reported by the Gen- 
eral Electric Company in the case of 
a 300-hp., a.c. motor on the hoist and 
a 75-hp., a.c. motor on the trolley of 
a coal tower at Clairton, Pa. Cur- 
rent-limit acceleration was previ- 
ously used on this application and 
the change to time-limit acceleration 
was secured by using a suitable 
number of direct-current contactors 
and allowing them to close in se- 
quence, each one being interlocked 
through the preceding contactor. Di- 
rect-current contactors were used to 
secure a slow time of closing, so 
that fewer contact elements were re- 
quired than would have been neces- 
sary with alternating-current con- 
tactors. No time element relays 
were used. 

Two forms of resistor-type mag- 
netic starters for alternating-current 
motors have been produced by the 
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New controllers and new methods 
of installing them that are secur- 
ing more flexible and convenient 
operation for industrial users. 


At A is shown an installation of Allen- 
Bradley, automatic, resistor-type start- 
ers in the plant of the Fisher Body 
Corporation at Cleveland, Ohio. Twenty- 
six motors are controlled from a cen- 
tral location by means of this arrange- 
ment of control panels. In illustration 
B is shown the auxiliary control board 
made by the Westinghouse Electric & 
Manufacturing Company for the con- 
trol of the auxiliaries of a 40-in. bloom- 
ing mill. One of the features of this 
installation lies in the use of double- 
throw switches in the bottom sections 
of the boards by means of which a 
spare panel may be quickly transferred 
to any motor. At C is shown a new 
automatic compensator developed for 
use on potentials of 2,500 volts and 
less by the Electric Controller & 
Manufacturing Company of Cleveland, 
Ohio. This compensator is tightly en- 
closed and designed for either indoor 
or outdoor service. In illustration D is 
shown a new automatic compensator 
that has been developed by the General 
Electric Company for remote control of 
squirrel-cage motors driving lineshaft- 
ing, pumps, compressors, conveyors, and 
the like. At E is shown the new induc- 
tive, time-limit, automatic controller 
that has been brought out by the Cut- 
ler-Hammer Manufacturing Company 
of Milwaukee, Wis. The outstanding 
feature of this controller lies in the 
use of an inductive relay to secure the 
time element required in accelerating 
the motor. In F is shown the new defi- 
nite-time, accelerating relay developed 
by the General Electric Company. One 
application of this relay is shown in 
the compensator in illustration D. G is 
a pressure governor developed by the 
same company. It is intended for use 
in starting or stopping the control for 
air compressors or other devices requir- 
ing pressure regulation. Further de- 
tails concerning the equipment illus— 
trated at A. B. E, and F are given on 
pages 76, 77 and 78. More complete 
descriptions of the apparatus shown at 
C, D, and G are given on page 79 
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General Electric Company; one for 
squirrel-cage induction motors, and 
one for slip-ring motors. Mechan- 
ically these starters are very much 
alike, their difference being chiefly 
in the connections. They both em- 
ploy a new type of time-element re- 
lay for the accelerating period, 
which can be adjusted to about six 
seconds. The relay consists of an 
armature that is drawn across the 
face of an a.c. magnet by a spring 
which is distended when the line con- 
tactor closes. The magnetism re- 
sulting from the alternating current 
intermittently attracts and releases 
the armature as it slides by the pole 
face, thus giving the desired time-ad- 
justment. 

A great advance has been made in 
the control of blooming mill auxili- 
aries, by the installation of two en- 
tirely separate control circuits, 
either of which can be used at will, 
is the report received from the West- 
inghouse Electric & Manufacturing 
Company. Each master switch is 
plugged into a receptacle, and in case 
of trouble can quickly be replaced by 
a spare. A complete spare contro! 
panel is included which can be 
quickly transferred to any motor. 

Similar information comes from 
the Rowan Controller Company of 
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Baltimore, Md., in citing the case of 
a switchboard containing the neces- 
sary control equipment for the aux- 
iliaries for a large blooming mill in 
the Cleveland steel district. This 
control is shown in one of the ac- 
companying illustrations. A unique 
feature of this installation is that all 
the controllers for the front and rear 
tables and the screw-down are ex- 
actly alike. An additional spare con- 
trol panel is provided so that by 
means of throwover switches this 
spare can be rapidly connected in 
place of any of the other similar 
controllers. , 

A new type master has been 
developed by the Cutler-Hammer 
Manufacturing Company for use par- 
ticularly with Cutler-Hammer mag- 
netic-type controllers. This master is 
a compactly enclosed structure with 
a contact cylinder mounted on a 
square shaft. Standard non-stubbing 
contact fingers such as are used in 
Cutler-Hammer drum controllers, are 
mounted on the stationary support, 
the leads to which they are con- 
nected also remaining stationary. 
Pyroplax arc barriers are placed be- 
tween the fingers and the contact 
segments which are automatically 
lubricated by means of an oil wick 
which holds sufficient oil for about 
six months use. 

A new automatic reversing planer 
controller has been developed by this 
company. The scheme of control em- 
ployed plugs the planer motor in 
stopping and reversing the planer, as 
the company reports that this results 
in the fastest method of operation. 
Two shunt-field rheostats are pro- 
vided in the control—one is for regu- 
lating the cutting speed and the 
other is for adjusting the return 
stroke speed. 

For several years past it has been 
evident that the trend of safety reg- 
ulations is toward the enclosure of 
all types of motor starters and speed 
controllers. During the year, the 
General Electric Company reports 
that work along these lines was prac- 
tically completed, and the remaining 
open-type starters and speed con- 
trollers were provided with either 
self-contained enclosing cases with 
external handle or were redesigned 
to accommodate enclosing cases when 
required. 

Monitor Thermaload starters, 
manufactured by the Monitor Con- 
troller Company, Baltimore, Md., 
are now being built with stand- 
ard Monitor side-arm contactors 
instead of the special contactor previ- 
ously employed. Hairpin-shaped 
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thermal elements are also being sup- 
plied, instead of the coiled elements 
previously used. 

The thermal relay of the Monitor 
Thermaload starter operates on the 
thermal expansion principle. The 
heat produced by the thermal ele- 
ment under overload causes a liquid 
confined in a tubular receptacle to 
expand and to elongate two expan- 
sion units. These expansion units in 
turn operate an arm containing two 
contacts which control the operating 
circuit of the contactor. The liquid 
used is carbon tetra-chloride, a non- 


corrosive and non- freezing liquid 


which is used extensively for fire ex- 
tinguishing purposes. This starter 
is intended for starting small induc- 
tion motors, both single-phase and 
polyphase, and is said to protect the 
motor against light overloads dan- 
gerously prolonged, yet permits the 
motor to carry heavy overloads mo- 
mentarily. 

A new steel enclosed, dust-proof 
drum controller is being marketed 
by the C. H. McCullough Engineer- 
ing Company of Pittsburgh, Pa. 
This company reports that the diam- 
eter of the drum of this controller 
is exceptionally large, giving a 
greater wearing surface and thereby 
increasing the arcing distance be- 
tween points. This company also 
points out that due to its dustproof 
qualities the controller is especially 
adapted to foundries, steel works, ce- 
ment plants and similar dusty loca- 
tions. 

The Condit Electrical Manufac- 
turing Company informs us that 
during the past year it has arranged 
its type N-3 oil motor starters for 
push button control, thus making 
them especially adaptable to indus- 
trial service. The type N-4 starter 
which was developed in 1923 is now 
equipped with thermal cutouts. 

During the past year the Allen- 
Bradley Company of Milwaukee, 
Wis., has added refinements to its 
lines of across-the-line starters, au- 
tomatic starters, and semi- auto- 
matic starters according to reports 
received from this company. It also 
informs us that these lines have been 
standardized so that they can be 
made on a large quantity basis at a 
very reasonable price and yet keep 
the same standard of quality for 
which these starters have been 
noted. 

Heretofore, fractional horsepower 
motors have, to a very large extent, 
utilized standard, wiring device 
switches, which were primarily de- 
signed for lighting circuits. A new 
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design of single-pole and double-pole 
enclosed tumbler switches, assembled 
in boxes for conduit wiring, for 
throwing small motors on the line, 
now gives these motors a class of 
control equipment comparable with 
that provided for large motors, is 
the report received from the General 
Electric Company. 

This company also informs us that 
a new thermal overload relay was 
designed to follow the heating and 
cooling curve of the average induc- 
tion motor, and is particularly 
adapted to service where it is impor- 
tant that the motor be permitted to 
carry heavy, short-time overloads 
intermittently, without being tripped 
out by the overload device. It is 
said that this device will permit the 
motor to do any kind of work that 
does not run the motor above a safe 
operating temperature. 

This company states that it has 
developed a definite time relay which 
was utilized for the first time in an 
automatic compensator, and is used 
to provide the accelerating period. 
It consists essentially of a motor- 
driven train of gears, magnetic 
clutch, and switching mechanism to 
provide for either opening or clos- 
ing the contacts at the end of the 
time for which the device is set. It 
is adjustable from a few seconds up 
to several minutes, and is adaptable 
to many applications where a defi- 
nite time adjustment is needed. 

The Cutler-Hammer Manufactur- 
ing Company states that a complete 
line of control equipment was 
brought out in 1924 for various sizes 
of Fynn-Weichsel, alternating-cur- 
rent motors (made by the Wagner 
Electric Corporation, St. Louis, Mo.). 
For the smaller sizes the face-plate 
type is used with the operating han- 
dle arranged for manipulating from 
the exterior of the enclosing case. 
A drum type starter is used with the 
larger motors and incorporates in 
its design non-stubbing fingers, a 
square steel shaft for carrying the 
contact segments, and blowout 
shields. In all of these starters the 
design takes care of simultaneously 
cutting out resistance in each of the 
two secondary windings found in 
this type of motor. 

For the automatic control of mo- 
tor-driven pumps, air compressors, 
and the like, the General Electric 
Company has developed a new press- 
ure governor for use in connection 
with automatic starters. This gov- 
ernor is of the Bourdon tube type, 
and can be used on any liquid or gas 
system that will not corrode the 
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Bourdon tube. The equipment in- 
cludes an “impulse” magnetically 
operated relay of a quick throwover 
type that breaks its own operating 
circuit as soon as it functions. 

Three across-the-line automatic 
starters have been placed on the mar- 
ket by the Sundh Electric Company 
of Newark, N. J., one with under- 
voltage release or undervoltage pro- 
tection, the second having, in addi- 
tion, inverse-time-limit overload 
thermal relay protection and the 
third being provided with inverse- 
time-limit overload relay protection. 
All these starters are manufactured 
in either the open or inclosed type, 
two-pole or three-pole, for motors up 
to and including 10 hp., 220-440-550 
volts. 

This company’s principal activities 
have heretofore been more or less 
confined to furnishing control for 
large office buildings and pump con- 
cerns. This company now plans to 
enter the industrial market more in- 
tensively with the present line of 
equipment rounded out with the ad- 
ditions that have just been described. 

Compensators.—Two new auto- 
matic compensators have appeared on 
the market during the past year. One 
of these is a high-voltage compensa- 
tor made by The Electric Controller 
& Manufacturing Company of Cleve- 
land, Ohio. It is built for voltages 
of 2,500 and below, is push-but- 
ton operated and entirely automatic. 
With the exception of the overload 
panel, which is mounted on the top 
of the tank, the compensator is en- 
tirely submerged in oil and the tank 
is so designed that the compensator 
is said to be dustproof, weather- 
proof, vaporproof and fireproof. It 
can be installed either indoors or 
outdoors. 
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Less maintenance and more reli- 
able operation are the points fea- 
tured in these new safety switches. 


At the left is shown the new safety 
switch made by the Super-Safety Elec- 
tric Company, Chicago, III. This switch 
is unusual in that the switch blades 
and jaws are mounted on the sides of 
the cabinet instead of on the base, 
thereby leaving the base clear for wir- 
ing. In the center is shown the new 
“Lumenized” finish, Bull Dog safety 
switch made by the Mutual Electric & 
Machine Company, Detroit, Michigan. 
This finish is said to resist rust, acids 
and alkalies. At the upper right is 
shown a new safety switch brought out 
by the Westinghouse Electric & Manu- 
facturing Company. Special construc- 
tion is said to have been used to secure 
durability. At the lower right is shown 
the new cross-bar construction devel- 
oped by the Square D Company of De- 
troit, Mich. Improvements have been 
made in the insulation of the crossarm 
ane the method of fastening it to the 
es. 


The power supply for the push-but- 
ton circuit comes from an indepen- 
dent low-voltage circuit which is 
taken from a separate transformer 
so that there is no danger of the 
operator ever coming into contact 
with the high-voltage circuit. The 
compensator is so designed that con- 
tinuous torque is applied to the mo- 
tor from the time the push button is 
pressed until the motor has been 
brought up to speed. This compen- 
sator is shown in an accompanying 
illustration. 

A. new automatic starting com- 
pensator, for squirrel-cage, induction 
motors, has been placed on the mar- 
ket by the General Electric Com- 
pany. This motor starter is for re- 
mote control of constant-speed, two- 
or three-phase, squirrel-cage motors 
up to 600 volts for general applica- 
tions driving lineshafting, pumps, 
compressors, blowers, conveyors, and 
the like. With it such equipment 
may be started or stopped from a 
distance by means of one or more 
small hand-operated push buttons or 
snap-switches located within con- 
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venient reach of the operator or au- 
tomatically operated by a pressure 
governor, float switch, thermostat 
or the like. 

Resistors.—A ribbon-type resistor, 
wound on edge, has recently been 
developed by the Monitor Controller 
Company, Baltimore, Md., and is in- 
tended for service where cast-iron 
grids would otherwise be employed. 
This resistor consists of a high- 
resistance alloy ribbon wound on 
edge in helical form and mounted on 
a steel-reinforced porcelain support 
which passes through the entire 
length of the unit, supporting and 
separating every convolution at two 
diametrically opposite points. This 
method of construction relieves the 
resistor ribbon from mechanical 
strain and permits of thorough ven- 
tilation. The maker states that the 
ribbon can operate at any tempera- 
ture up to red heat without sagging 
or in any way injuring the resistor 
as a whole. 

A system of terminals and taps 
enables a unit to be connected into 
a circuit, and to be interconnected 
with other units. Two simple forms 
of clamps provide all these facilities. 
These clamps may be placed at any 
desired point along the resistor and 
may be changed at will. This per- 
mits of accurate adjustment of the 
resistance steps. The maker reports 
that a saving of weight and space is 
obtained by the use of these resistors 
as compared to cast-iron resistors. 
These resistors are shown in an ac- 
companying illustration. 

The “EMB” grid resistor, which 
is manufactured abroad, is being in- 
troduced by the C. H. McCullough 
Engineering Company of Pitts- 
burgh, Pa. This resistance is made 
of drawn material and is made in 
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one continuous length for an amount 
equal to one frame or bank. The 
maker informs us that this resist- 
ance is unbreakable, rustless, scale- 
less, of uniform section, jointless in 
the frame and is covered by a 5-yr. 
guarantee. He also states that the 
weight of this resistance is less than 
that of cast-iron grids of the same 
rating. 

Safety Switches—A new small 
safety switch has been placed on the 
market by The Trumbull Electric 
Manufacturing Company of Plain- 
ville, Conn. This switch is now made 
in the 100-amp., 250-volt size and will 
shortly be made in the 440- and 550- 
volt size. The maker reports that 
the switch is characterized by its 
small size, yet the parts are acces- 
sible because the switch may be eas- 
ily removed from the box. The 
switch is constructed on the double 
break principle, the blades being car- 
ried on a rotor made of molded ma- 
terial. 

A new line of quick make, quick 
break enclosed safety switches has 
recently been put on the market by 
the Westinghouse Electric & Manu- 
facturing Company. This line was 
designed to meet the demand for a 
simplified, enclosed switch without 
the full safety features. 

This switch, known as the WK-60 
switch, is unique in that the quick 
operating mechanism has been con- 
densed to a few simplified parts and 
located inside the operating handle. 
The maker states that this feature 
alone is a marked advance in the de- 
sign of safety switches, since this 
construction will lend greater relia- 
bility, lessen maintenance cost, and 
at the same time, make it easier for 
plant operating men to inspect, test 
and make repairs. 

A new “Lumenized” finish has 
been added to the line of Bull Dog 
safety switches made by the Mutual 
Electric & Machine Company of De- 
troit, Mich. The company states that 
this finish involves the depositing of 
aluminum flakes, like minute fish 
scales, upon the basic metal under 
high temperature. It is said that 
this results in giving the switch the 
following qualities: luminous in the 
dark; resists rust. acids. and alka- 
lies: easily grounded; and is the last 
word in cleanliness. 

A new type of cross-bar construc- 
tion has been incorporated in the 
safety switches made bv the Square 
D Company of Detroit. Mich. A steel 
bar is heavily insulated with molded 
composition tubes, which not only 
possess superior mechanical 
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strength but greater dielectric 
strength as well. It has an ex- 
tremely low absorption of moisture, 
which is said to prevent warping 
and the consequent distortion of 
blade alignment. Wide fibre washers 
have been provided to prevent ac- 
cumulation or adherence of dust, 
breaking up any continuous path of 
dust to ground. The insulating 
tubes have an offset at the ends so 
that dust cannot work in under the 
washers, causing leakage. 

During the past year the Super- 
Safety Electric Company has devel- 
oped a new design of safety switch 
in the larger sizes. Instead of the con- 
tacts being on the base of the cabi- 
net as is usual, they are placed on 
sides of the cabinet, thus leaving the 
base entirely clear. This constitutes 
the principal difference between this 
switch and the more usual types of 
safety switches. 

The maker reports that this type 
of construction results in the follow- 
ing advantages: greatly increased 


How to insure continuous operation 
is a problem before every electrical 
superintendent. 


At A this problem has been solved by 
providing a spare controller that may 
be quickly connected in place of an in- 
operative panel by means of throw-over 
switches. These controllers were built 
by the Rowan Controller Company of 
Baltimore, Md., and are installed in a 
blooming mill for the control of the 
auxiliary motors. At B is shown the 
new Thermaload starter made by the 
Monitor Controller Company of Balti- 
more, This controller is equipped 
with a new thermal overload relay. 

is a new drum-type starter developed 
by the Cutler-Hammer Manufacturing 
Company. Milwaukee. Wis.. for the 
control of the Fynn-Weichsel motor 
made by the Wagner Electric Corp. 
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wiring space within the switch and 
at the same time a reduction in 
overall dimensions; double break—a 
break on each side of the fuse; 
greater flashover distance between 
polarities; and perfect and even con- 
tact between all contact members by 
reason of their tandem arrangement 
and their self-aligning construction. 
This switch is shown in one of the 
accompanying illustrations. 

Limit Switches —A new safety 
limit stop has been developed by The 
Morgan Engineering Company of 
Alliance, Ohio. As shown in an ac- 
companying illustration this device 
consists of a cast-iron box in which 
are mounted two double-throw, sin- 
gle-pole switches. These two switches 
when actuated by contact with the 
hook block cause the limit switch to 
function. The maker states that this 
limit switch differs from others in 
that a resistance is thrown in series 
with the armature as the limit switch 
starts to function, thereby slowing 
down the armature and greatly re- 
ducing the amount of current broken 
by the contactors. Complete stop- 
ping of the hoist motor is accom- 
plished by the usual arrangement of 
dynamic braking. The maker points 
cut that another feature of this limit 
switch is that the lowering circuits 
are established immediately upon the 
reversal of the controller, through 
the action of a solenoid; there is no 
waiting to lower through resistance. 
Other features pointed out by the 
manufacturer are: no external banks 
of resistance, for the limit switch is 
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self-contained; positive in action, 
for an upward movement of the 
weight of even a fraction of an inch 
will actuate the limit stop; the switch 
is foolproof, having only one adjust- 
ment; extra large copper to carbon 
contactors are used; only one swing- 
ing weight is used, this being guided 
by one of the hoisting ropes; and the 
sequence of operation of the con- 
tactors is obtained by a single sys- 
tem of levers, no cams, springs or 
counterweights being used. 

The Cutler-Hammer Manufactur- 
ing Company of Milwaukee, Wis., re- 
ports a new development in safety 
limit stops which is said to be a 
cempact, rugged unit with a number 
of features which are so important 
in the functioning of a safety de- 
vice. The working parts are liber- 
ally designed and arranged to move 
freely; this ease of operation being 
still further insured by the provision 
of ball bearings. 

Miscellaneous —A new quick-act- 
ing, electric solenoid brake has been 
developed by the Whiting Corpora- 
tion of Harvey, Ill. This brake was 
especially designed for crane serv- 
ice application. 

The maker points out that the 
brake arms are so pivoted that the 
shoes release equally at all points; 
there is no chance, therefore, of the 
shoes dragging at the lower ends. 


This is said to be a big advantage in. 


applying the brake as the shoes bear 
equally at all points, resulting in 
quick braking action and uniform 
wear. 

Improvements in its electro mag- 
netic sander are reported by Nich- 
ols-Lintern Company of Cleveland, 
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Ohio. An electrically-heated cham- 
ber has been placed around the sand 
box, thus keeping the sand warm 
and dry, thereby greatly increasing 
the efficiency of the sander. These 
sanders are intended to replace dan- 
gerous and wasteful hand sanding 
methods and are said to save crane 
and runway maintenance. 

The use of static condensers for 
power-factor correction in industrial 
plants has increased considerably. 
The Westinghouse Electric & Manu- 
facturing Company reports that it 
has developed a new low-voltage unit 
that may be connected at the motor 
or place where the power is used, 
thereby reducing the line losses in 
the feeder circuits. This new line 
of low-voltage condensers is made 
for 220-, 440-, and 550-volt, 60-cycle 
service. This condenser is shown 
in one of the accompanying illustra- 
tions. 

The National Electric Condenser 
Company of New Haven, Conn., is 
also putting out a line of low-volt- 
age condensers for connection direct 
at the motor terminals. 


Control devices designed to give 
safer and more reliable operation 
of motors. 


At A is shown the new, crane hoist, 
limit stop developed by the Morgan 
Engineering Company of Alliance, Ohio. 
It is pointed out that very little arcing 
results at its contacts during opera- 
tion. B is a new limit stop developed 
by the Cutler-Hammer Manufacturing 
Company of Milwaukee, Wis. At C is 
shown a new resistor made by the 
Monitor Controller Company, Balti- 
more, It is said to be unbreak- 
able, very compact and light in weight, 
although designed for heavy-current 
service. D is a static condenser de- 
signed for connection directly at the 
terminals of the motor, so as to correct 
the motor power factor at the motor 
instead of in the substation and thus 
lighten the load on the feeder cables. 
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Industrial Substa- 
tion Equipment 


Automatic Substations.—The au- 
tomatic station has become firmly 
established as an economic and oper- 
ating necessity in the electrical in- 
dustry. With its inherent advantages 
established beyond dispute a marked 
advance in the application of this 
type of control was made during 
1924. ö 

There were no radical changes in 
the design of automatic switching 
equipments. The tendency during 
1924 was to produce unit equipments 
which are easily handled and in- 
stalled and to standardize wherever 
possible. The General Electric Com- 
pany reports that standardization 
has progressed to such an extent 
that complete automatic stations for 
mining and industrial service are 
now being stocked. 

To meet the requirements for this 
class of service, the General Electric 
Company states that one type of 
standardized design is so arranged 
that a single machine, automatic 
control equipment may be used in 
either a single- or multiple-unit sta- 
tion with any number of reclosing 
feeders, thus giving maximum flex- 
ibility since it allows the arrange- 
ment of converting units in any de- 
sired manner with a possibility of 
later re-arrangement if called for by 
a change in load conditions. This 


may then be accomplished without 
modifications of the control. 
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Transformers. — The General Elec- 
trie Company states that many de- 
tailed improvements have been made 
affecting both the construction and 
operation of transformers of various 
types. One of these consists of a 
scheme for bringing underground 
cables into the transformer without 
any exposed terminals or live parts. 
The underground cable is brought 
up into a compartment filled with 
fluid insulating compound. Suitable 
links and connectors are provided 
in this compartment so that the 
cable may be properly phased in. 
This compartment is connected by 
means of bushings, to an upper com- 
partment which is kept filled with 
oil by means of a pipe leading to the 
main tank. 

The Packard Electric Company of 
Warren, Ohio, reports that the de- 
signing of a complete new line of 
steel cases for distribution trans- 
formers has been completed. The 
use of cast-iron cases by this com- 
pany has been discontinued, and all 
shipments are being made in the 
new cases. 

The Westinghouse Electric & Man- 
ufacturing Company reports that 
during the past year, a transformer 
has been built mounted in a rectan- 
gular tank, so arranged that one side 
of the tank could be removed and 
the transformer rolled out on a 
track for inspection and repairs. This 
was necessary on account of the lim- 
ited head room, preventing removal 
of the windings through the cover of 
the tank. 

This company has also developed a 
new and improved type of breather 
designed to overcome the disadvan- 
tages of the usual form of calcium- 
chloride breather that has been in 
use for so many years. With this 
device, the calcium-chloride is placed 
in a screen basket suspended on a 
spring of large diameter. When 
loaded with the proper amount of 
calcium-chloride, the spring is de- 
pressed until a pointer stands at „fill 
to here.“ When in operation the 
breather picks up moisture, increas- 
ing the weight of the charge until 
the spring is depressed to the “refill” 
point. The design is such that the 
calcium-chloride will not become sat- 
urated before the refill point is 
reached. 

The Gisholt Machine Company of 
Madison, Wis., reports that operating 
costs have been reduced in many ap- 
plications of their direct-current 
transformers. The purpose of these 
transformers is to reduce 110 volts, 
direct current economically to the 
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lower voltages required by master 
clocks, time stamps, cost recorders, 
signal bells, buzzers, annunciators, 
alarm systems, elevator bells and the 
like. 

An improved design of flow indi- 
cator for use with water-cooled 
transformers has been brought out 
by the Westinghouse Electric & 
Manufacturing Company. The in- 
strument may be used on either an 
open or closed water system, and op- 
erates without the use of moving 
mechanical parts. An indicator is 
used in each section of the cooling 
coils where more than one section is 


The savings that automatic substa- 
tions can make are being increas- 
ingly appreciated by industrial 
plants. 


At A is shown the automatic switching 
equipment controlling a synchronous 
motor-generator set. This equipment 
was made by the General Electric Com- 
pany and is installed at the mines of 
the Heisley Coal Company, Nanty-Glo, 
Pa. B is the “Safe-for-All” circuit 
breaker made by the Automatic Reclos- 
ing Circuit Breaker Company, Colum- 
bus, Ohio. The wiring is connected to 
the terminal board at the left; the 
circuit breaker mechanism and cover 
can then be quickly removed and re- 
placed with a spare should the occasion 
arise. At C is shown the latest type of 
flow indicator made by the Westing- 
house Electric & Manufacturing Com- 
pany for use with water-cooled trans- 
formers. D is an improved type of 
dehydrating breather made by the same 
company for use on transformers. It 
has an indicator that tells when the 
calcium-chloride charge has become 
saturated and requires renewal. 
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used, thus giving an opportunity to 
regulate and equalize the amount of 
water in each section. 

Carbon Circuit Breakers.—Several 
new developments have appeared in 
carbon circuit breakers during the 
past year. A_shock-proof circuit 
breaker has been developed by the 
Roller-Smith Company of New York. 
N. Y., and is recommended by them 
for installations where there are apt 
to be conditions of excessive me- 
chanical vibration. A new double-pole, 
interlocked-trip circuit breaker has 
also been developed by this company 
and its outstanding characteristic is 
said to be in the fact that the two 
poles are closed independently and 
successively; the pole first closed 
will open as soon as the second pole 
is closed if an overload exists and 
both poles will open simultaneously 
on an overload. This type of breaker 
is intended for use on motor and 
feeder circuits in place of switches 
and fuses. 

The enclosed line of circuit break- 
ers made by the Cutter Company, 
Philadelphia, and sold under the 
trade name of U-Re-Lite“ has been 
expanded by the development of three 
new and larger “U-Re-Lites” which 
will handle currents up to 400 amp. 


at 250 volts, 200 amp. at 440-550 
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volts, alternating current and 1,250 
amp. at 250 volts, direct current. 
These new “U-Re-Lites” are larger 
in size and heavier in construction 
than the smaller types and are built 
with heavier parts and more liberal 
spacing to withstand the severe duty 
for which they are intended. Like 
the smaller types, they are said to be 
constructed in a manner such as to 
make it impossible to close them 
effectively against an abnormal cir- 
cuit condition, and at the same time 
to furnish complete protection to the 
operator. 

An enclosed-type circuit breaker 
known as Safe-for-All“ has been 
developed in sizes up to 200 amp. by 
The Automatic Reclosing Circuit 
Breaker Company of Columbus, 
Ohio. The purpose of this breaker 
is to provide individual motor pro- 
tection in steel mills and industrial 
plants generally, in a form that is 
safe not only for the operator but 
also for the maintenance or repair 
man. 

The manufacturer states that the 
outstanding feature of this circuit 
breaker is that the operating mech- 
anism together with contacts, relays 
and so forth may be removed and 
replaced with a new unit in ten sec- 
onds. 

As can be seen in one of the ac- 
companying illustrations the device 
consists of three parts: a terminal 
board to which the wiring is con- 
nected, a circuit breaker panel, and 
an enclosing cover. The circuit 
breaker panel is hung over the ter- 
minal board from two lugs on the 
back. The circuit breaker cannot be 
closed until the enclosing cover is 
hung over it and latched in place by 
a lever located at the bottom of the 
cover. 

This connects the circuit breaker 
panel to the terminal board and re- 
leases the operating handle so that 
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Improvements in substation equip- 
ment designed to give more con- 
venient and reliable operation. 


At A is shown a new interlocked trip, 
circuit breaker made by the Roller- 
Smith Company, New York, N. T., 
which is designed so that with one pole 
of the breaker closed, this pole will 
open immediately if the other is closed 
on an overload. B is a shock-proof 
circuit breaker developed by the same 
company for use in locations subjected 
to excessive vibration. C is a bus-type 
disconnecting switch brought out by 
the Delta-Star Electric Company of 
Chicago, III., for use in installations 
that are congested. is a new bus 
support developed by the same com- 
pany for supporting bars of high 
ampere-capacity. 


the circuit breaker may be closed. 
The ease with which the circuit 
breaker panel may be removed and 
replaced with a spare can be readily 
imagined. 

Several new features in breaker 
design have been incorporated in its 
type CL circuit breaker by the 
Westinghouse Electric & Manufac- 
turing Company. Among them are: 
adjustment of brush pressure, one- 
piece frame construction which 
makes installation easy, and unit 
construction, permitting the addition 
of various attachments without diffi- 
culty. 

Oil Circuit Breakers.—The prob- 
lem of increasing the interrupting 
capacity of oil circuit breakers al- 
ready installed without making radi- 
cal changes in the station layout 
plans has been met by the General 
Electric Company by the production 
of an oil circuit breaker unit which 
is said to give an increase in inter- 
rupting capacity of approximately 
40 per cent. Overall dimensions of 
this unit are identical with those of 
the lower-rupturing capacity unit 
which it replaces, except that the tank 
is somewhat higher. This, of course, 
makes it necessary to raise the cell 
tops, lengthen the tie rods of the old 
cell structures and build up the cell 
walls to the required height. 

Factory built and completely as- 
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sembled switching equipment has 
been developed on an extensive scale. 
These are commonly known as truck 
type switches. More than 500 of 
these have been placed in operation 
in the past year, is the report re- 
ceived from the Westinghouse Elec- 
tric & Manufacturing Company. 
Each unit consists of a steel housing 
with a removable truck carrying all 
the apparatus upon which continuity 
of service depends. 

During the year a new line of 
safety, enclosed switchboards with 
removable truck-type panels has been 
put on the market by the Condit 
Electrical Manufacturing Company 
of South Boston, Mass. Housing 
and truck are of heavy, reinforced 
steel-angle construction. The truck is 
provided with removing and replac- 
ing bar and adequate mechanical in- 
terlocks. A steel panel carries the face 
plate for manually- or electrically- 
operated circuit breakers, meters, in- 
dicating lamps, etc. Automatic 
safety devices prevent accidental 
contact with current-carrying parts 
when the truck is removed for repair 
or overhauling. 

Oil Cleaners.—A device for mak- 
ing dirty switch oil as good as new 
is reported by the Sharples Specialty 
Company of Philadelphia, Pa. This 
device is known as the Sharples Su- 
per Centrifuge and the company in- 
forms us that it accomplishes the 
following: Carbon and moisture are 
removed. Resistance to emulsifica- 
tion is restored. The reconditioned 
oil is light-colored, clean and will 
meet dielectric strength specifica- 
tions. It will give the same length 
of service as new oil. 

A new and improved type of blot- 
ter-type, oil filtering outfit has been 
developed by the Westinghouse Elec- 
tric & Manufacturing Company. This 
replaces the 10-gal. outfit formerly 

(Please turn to page 106) 


Some Recent 
Developments in 


Maintenance 
Tools and 
Repair Shop 
Equipment 


That Have a Wide Range 
of Usefulness; Do Better 
Work Than Homemade 
Makeshifts, and Are No 
More Expensive in the 
Long Run 


AINTENANCE of plant 
M equipment is always with 
us and cannot be neglected 
for long without disastrous results 
to quality or quantity of production. 
Maintenance is often looked upon 
as a necessary evil because of the 
number of men seemingly unproduc- 
tively engaged in the upkeep of the 
plant equipment. Plant maintenance 
involves an infinite variety of repair 
jobs requiring various kinds of 
tools. 

With ordinary kit tools a man en- 
gaged in maintenance work can 
spend considerable time on a simple 
job or else bring it to the repair 
shop to take advantage of better 
tools, but this method consumes 
time not only for dismantling the 
broken machine but also for taking 
it to and from the repair shop. 

The solution of the problem of re- 
ducing maintenance expense lies in 
substituting for kit tools, portable 
power-driven tools, that enable the 
repairman to do his work in shorter 
time, with less dismantling of equip- 
ment, and the saving of time spent 
in going to and from the repair shop. 

Likewise, repair shop costs can be 
reduced through the use of improved 
shop tools that can do better jobs 
and more of them, in less time than 
was formerly considered necessary. 
In addition to the items mentioned, 
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there is also an increase in the life 
of the repaired equipment obtained 
through the use of better repair 
materials. 

Manufacturers are endeavoring to 
meet this need for cheaper main- 
tenance by producing improved tools 
for maintenance and shop use, by 
supplying improved repair materials, 
and by increasing their facilities for 
supplying repair parts in less time 
than was formerly required. 


HOW CAN I reduce my 
maintenance and repair cost, 
is the problem that is con- 
stantly before every main- 
tenance executive, be he 
maintenance engineer, super- 
intendent, foreman, or straw 
boss. During the past year 
many manufacturers have 
devoted much effort towards 
arriving at the solution to 
this problem. In this article 
are described some of the 
recent developments in re- 
pair shop and maintenance 
tools and supplies that will 
help you reduce your main- 
tenance expense. 


Vol.83, No.2 


4 


* 


* 
* 
n 


. 


A thorough cleaning of machines is pos- 
sible by the use of a portable blower. This 
blower, made by The Martindale Electric 
Company of Cleveland, Ohio, not only 
forces a blast of clean, dry air over the 
surface to be cleaned, but also con be 
used as a suction cleaner. 


Great strides have been made in 
the use of arc welding for plant 
maintenance; likewise there have 
been developments in coil winding 
machines, armature repair equip- 
ment, portable power-driven tools, 
and repair supplies. 

We will consider each of these de- 
velopments in turn. 

Armature Coil Winding Machines. 
—During the past year the Ar- 
mature Coil Equipment Company of 
Cleveland, Ohio has placed three new 
coil winding and forming machines 
on the market. 

The first of these, known as 
the Master Coil Making Machine 
not only winds the coils but forms 
them in the same machine. Coils 
are wound in a loop shape over 
winding jaws as shown in one of 
the accompanying illustrations. One 
of the features reported for this 
part of the operation is that the loop 
is started and finished in the same 
position, thereby eliminating the 
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necessity of making an extra half- 
turn of the machine before starting 
each loop. 

The next operation is to release 
the coil from the winding jaws by a 
single universal lever movement that 
permits a simple, quick-action chuck 
to receive the coil end. The coil is 
then clamped in two sets of jaws 
and formed by pushing down on 
the foot lever of the machine. Coils 
that require complete taping are 
wound, formed, bound and then re- 
moved from the machine for taping. 
Coils that have only the ends taped 
are taped in the machine after 
forming. 

This company has also made 
several very useful improvements to 
its loop winding and coil forming 
machines. One of the points feat- 
ured by the maker is that scales 
have been added to both machines so 
that they can be set for certain 
definite measurements: taken from 
the coil, thus doing away with the 
cut-and-try method of setting a 
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Good repair work is a natural re- 
sult from the use of good tools. 

At A is shown a bus bar or sheet metal 
bender made by the Albert & J. M. An- 
derson Manufacturing Company of 
Boston, Mass. B is a new model arma- 


ture tester made by The Century Elec- 
trical Company of Syracuse, N. V. The 
maker reports that this model is de- 
signed for use on all commercial alter- 
nating-current voltages. 


machine to make a certain coil. The 
manufacturer reports that measure- 
ments for a given coil can be 
recorded in a card record system and 
a coil reproduced by setting the 
machine according to the values 
recorded on the card. 

The data recorded on an armature 
winding card would ordinarily be the 
size, type, make and nameplate 
rating of the motor; number of 
coils; the size of wire used in the 
coils; the number of wires in mul- 
tiple; the length of the leads; and 
how the coils are taped. In addi- 
tion to this the following informa- 
tion would be recorded for use with 
these machines: length of loop, 


Three new coil-winding machines 

developed by the Armature Coil 

San e Company, Cleveland, 
0. 


At A is shown a combination coil 
winder and former. B is a coil winder 
and C the former that goes with it. A 
feature of these two machines is that 
all of the essential measurements of the 
coil may be set on graduated dials or 
scales and thus the coil is made to 


measure. 


85 


length across the core, slot pitch and 
coil span. 

In one of the accompanying pic- 
tures is shown the improved loop 
winder which is known as the New 
Super-Speed Loop Winder. On the 
bar holding the winding jaws will 
be noted a scale marked in inches. 
By means of this scale the length of 
the loop is set. The maker states 
that an additional feature of this 
winder is the quick time in which a 
loop may be removed and the ma- 
chine reset for the next loop—a 
single quick-action lever accomplish- 
ing the operation. 

The coil is then-placed in the New 
Improved Armature and Stator Coil 
Former which is also shown in an 
accompanying illustration. The 
forming jaws are set on a scale 
marked in inches for the length of 
the coil measured across the arma- 
ture core. These forming jaws rock 
on a shaft which has a dial cali- 
brated in degrees. The slot pitch in 
degrees is set on this dial. The coil 
span measured in degrees is set on 
still another dial. 

The manufacturer states that in 
this manner all the dimensions of the 
coil are thus set on the machine and 
consequently the coils may be repro- 
duced at any time from recorded 
data without the use of cut-and-try 
methods. 

Improvements have been made to 
the reel rack and tension device made 
by the Mutual Foundry & Machine 
Company of Atlanta, Ga. The maker 
reports that unusual results have 
been secured when using this device 
on cotton covered magnet wire. 

W. Edlich of Delawanna, N. J., 
reports that he is handling the R. 
Ritter armature winding machine, 
which is manufactured abroad. 
These machines are made in two 
sizes which will wind coils directly 
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into the armature slots on armatures 
from 1½ in. to 7 in. in diameter. 
Mr. Edlich states that a remarkable 
saving in time can be obtained by 
the use of this machine as compared 
to hand-winding methods. 

Armature Testers.—A new model 
armature tester has been placed on 
the market by The Century Elec- 
trical Company of Syracuse, N. Y. 
The maker reports that this tester 
instantly detects and exactly locates 
shorts, opens, wrong connections, 
and grounds, in armatures, without 
the necessity of unsoldering any lead 
wires from the commutator or dis- 
turbing the hoods. It may be op- 
erated from either alternating- or 
direct-current circuits, or from a 
battery when power circuits are not 
available. The tester is provided 
with both receiver and meter types 
of testing forks, and a ground de- 
tector. <A trouble, or search lamp, 
is supplied which the maker states 
is a very useful article and saves 
much time because it can be inserted 
behind commutators or into small 
spaces between windings where a 
large lamp would be of little use. 
The tester is shown in an accom- 
panying illustration. 

Commutator Slotters—Severa! 
new commutator slotters or mica 
undercutters have been placed on the 
market during the past year. The 
Hullhorst Micro Tool Company of 
Toledo, Ohio, has designed a port- 
able- and a lathe-type mica under- 
cutter (both of which are shown in 
accompanying illustrations) as well 
as an undercutting machine for 
small armatures. A feature of these 
three undercutters is the very small 
cutting tool that is used—a cutter 
14 in. in diameter being used for a 
1go-in. cut and a %$-in. diam. cutter 
for a %4-in. cut. 

The manufacturer states that the 
portable type consists of a motor, a 
flexible shaft protected by a metal 
sheath, a spindle within a quill, an 
arbor removably attached to ‘a 
spindle, a bearing to support the 
outer end of the spindle, a handle 
for guiding the cutter, and a fan or 
blower together with an air-nozzle 
and necessary air duct for blowing 
the mica shavings out of the slot. 

The manufacturer reports that 
the lathe-type undercutting machine 
reduces: the cost of undercutting 
commutators to a very low figure, 
both as to tool cost and labor. By 
means of a swinging arm and a 
depth guide bar the machine is ad- 
justed for direction and depth of 
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cut; thereby, as the maker states, 
making it possible for unskilled 
operators to do fast and accurate 
undercutting. 

For undercutting the mica in the 
commutators of small armatures, the 
Ransom & Randolph Co., Toledo, 
Ohio, has recently placed on the 
market an undercutting machine 


Four commutator tools designed for 
fast, high-grade work. 


At A is shown the lathe-type, mica un- 
dercutting machine made by The Hull- 
horst Micro Tool Company of Toledo, 
Ohio. This device can be quickly at- 
tached to any lathe and is so arranged 
that it can be swung out of the way 
when not in service. At B is shown the 
portable, mica undercutting machine 
made by the same company. It is 
driven through a flexible shaft by a 
small motor which has a fan that blows 
through the air duct shown. C is an 
improved mica undercutter that is 
driven by a motor through a flexible 
shaft and is made by The Martindale 
Electric Company, Cleveland, Ohio. At 
D is shown the Leonard-Morrow com- 
mutator turning tool distributed by the 
Green Equipment Corp., Chicago, III. 
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A handy combination reel rack and 
tension device. 


The Mutual Foundry and Machine Com- 
pany reports that it has incorporated 
several improvements in the new design 
of this device. 


that is quickly adjustable to accom- 
modate any type of small armature 
up to 22 in. in length and 11% in. 
in diameter. This company also 
makes the R & R Mica Milling Cut- 
ters which are used in the above 
and other machines. 

A flexible shaft has been added to 
the Imperial Undercutter made by 
the Martindale Electric Company of 
Cleveland, Ohio. This undercutter 
is illustrated in this article. This 
company has also developed a V- 
shaped milling cutter for use with 
the Aurand Commutator Slotter. 

Commutator Turning Tools.—A 
tool for truing the commutators of 
motors or generators without re- 
moving the armature from its bear- 
ings has been put on the market by 
the Green Equipment Corporation 
of Chicago, III. 

The maker reports that with this 
tool a perfectly true, smooth surface 
can be made in the same manner as 
in a lathe, the commutator being 
turned either by its own power, a 
crank or a separate motor for that 
purpose. This device is shown in one 
of the accompanying illustrations. 

Portable Power-Driven Tools.— 
During the past year a large num- 
ber of portable, power-driven tools 
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have been placed on the market. 
These are of particular interest to 
the maintenance man for they en- 
able him to bring the facilities of 
the repair shop to the job in hand. 

Several new portable drills have 
appeared on the market during the 
past year. A slate and marble drill 
has been developed by the Hisey- 
Wolf Machine Company of Cincin- 
nati, Ohio. Since the drilling of 
such material can be accomplished 
only at slow speed, this drill has 
been designed for a no-load speed 
of 110 r.p.m. 


An improved 14-in. drill weighing . 


17 Ib. and equipped with ball bear- 
ings has been placed upon the mar- 
ket by the Standard Electric Tool 
Company of Cincinnati, Ohio. The 
two drills which have just been men- 
tioned are shown in the illustrations 
accompanying this article. 

The Temco Electric Motor Com- 
pany of Leipsic, Ohio, has developed 
two new portable, motor-driven 
drills, one in the 14-in. size and the 
other for %e-in. drills. This com- 
pany has also put on the market a 
drilling stand to hold its portable 
drill so that the combination may 
be used as a drill press when de- 
sired. By the use of a bench clamp 
and by fitting the chuck with a 
Temco arbor and grinding wheel, 
the ½-in. drill may be used as a 
bench grinder. The maker states 
that this constitutes a very flexible 
and economical arrangement of por- 
table tools for the small shop. 

A friction- head, motor-driven 
screw driver, that is said to have 
sufficient capacity to drive No. 14 
screws, 2 ½ in. long into solid soft 
wood, has been placed on the market 
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Here are five portable tools that 
can save money on any repair job. 


At A is shown a motor-driven tapper 
made by The Black & Decker Manufac- 
turing Company of Towson, Md. B is 
a motor-driven, friction-head, screw- 
driver, made by The Hisey-Wolf Ma- 
chine Company of Cincinnati, Ohio. At 
C is shown a motor-driven, reversible 
socket wrench manufactured by The 
Black & Decker Manufacturing Com- 
pany. D is a portable, slow-speed drill 
for drilling slate and marble. It is 
made by The Hisey-Wolf Machine Com- 
pany. At E is shown an improved 
model, portable drill manufactured by 
The Standard Electric Tool Company, 
Cincinnati, Ohio. 


by The Hisey-Wolf Machine Com- 
pany of Cincinnati, Ohio. The 
maker states that by the use of the 
proper sockets, this machine can be 
used for setting nuts up to and in- 
cluding % in. in size. The driving 
head is equipped with a disk fric- 
tion clutch that is automatically 
regulated by the pressure applied. 
The clutch casing is of convenient 
size and can be used as an end grip 
when the work requires it. 

A motor-driven, reversible, socket 
wrench has been developed by The 
Black & Decker Manufacturing 
Company of Towson, Md. This ma- 
chine is essentially the same in con- 
struction and design as the Black 
& Decker Portable Electric Drill ex- 
cept that the spindle is provided 
with a clutch that automatically re- 
leases when the forward pressure on 
the tool is relieved. The maker 
states that due to the design of 
this clutch, a nut, bolt or stud can 
be driven to any desired tightness. 
A reversing switch is provided for 
use in disassembling motors and 
machinery and the wrench has 
ample power to kick nuts or bolts 
loose, regardless of how tight they 
are drawn up. 
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This company has also developed 


a motor-driven tapper. The maker 
reports that this device is so de- 
signed that the tap is driven in at 
a speed of 350 r.p.m and, by a slight 
backward pull on the machine, the 
tap chuck is automatically reversed 
and the tap backed out of the 
threaded hole at double the speed it 
is driven in. No reversing switch is 
needed. 

A bench grinder for quickly and 
accurately grinding twist drills up 
to 5g in. in diameter has been placed 
on the market by The Black & 
Decker Manufacturing Company of 
Towson, Md., according to reports 
received from them. The maker 
states that the twist drill is fed to 
the grinding wheel by means of a 
micrometer screw feed, and that no 
adjustments are necessary for 
grinding different size twist drills, 
this being compensated for in the 
design. 

Heretofore, small repair shops 
have had to depend upon “free- 
hand” methods of grinding twist 
drills because they could not obtain 
a machine to do the job quickly and 
accurately at a price which could be 
afforded. The maker feels that this 
grinder fills a long-felt need and 
its use will insure twist drills being 
ground at the right angle, with 
proper clearance and with both cut- 
ting tips exactly the same length. 

A 6-in. bench grinder has also 


been placed on the market by The 


Hisey-Wolf Machine Company of 
Cincinnati, Ohio. This company has 
also developed a wide- swing, floor- 
stand grinder, which is especially 
adapted to grinding large bulky 
castings and irregular-shaped pieces. 
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A bench grinder that has spindle 
bearings which the maker states are 
dustproof has been developed by 
The Azor Motor Manufacturing 
Company of Cleveland, Ohio. It is 
adapted for light grinding duty. 

A direct-current, variable-speed, 
semi-automatic control grinder has 
been developed by the United States 
Electrical Tool Company of Cincin- 
nati, Ohio, which states that it is im- 
possible to use this grinder at a 
peripheral speed exceeding the 
maximum safety point or at a speed 
that is less than considered best for 
grinding. The maker points out that 
this is a great advancement in 
the design of grinders, from a safety 
standpoint. 

A motor-driven saw, which is 
known as the “Skilsaw,” has been 
placed on the market by the Michel 
Electric Hand Saw Company of 
Chicago, Ill. How conveniently this 
saw can be used to cut out sections 
of an old floor is shown in an ac- 
companying illustration. The maker 
reports that the saw is extensively 
used for cutting open boxes without 
endangering their contents. He also 
states that it can save money wher- 
ever there is sawing to be done for 
maintenance or repair work about 
the plant. Special cutters are pro- 
vided for use when sawing various 
building compositions and insulating 
materials and the device can also be 
fitted with abrasive discs for work 
in light sheet metal, bars or tubing. 

The maker states that the essen- 
tial features in connection with the 
construction of this tool are an 8-in. 
circular saw or cutter which is 
readily detachable and is driven by 
means of a worm connected to the 
armature shaft of a universal motor. 
The entire body is made of alumi- 
num. The long guide encircling the 
saw supports the tool when in op- 
eration and is vertically adjustable 
to limit the depth of the cut. A 
spring steel guide at the rear of the 
saw is made of the same gage as 
the saw itself and follows in the 
kerf, thus preventing twisting of 
the saw blade while in use. 

The Imperial “Blow-er Clean,” a 
motor-driven blower, has been put 
on the market by the Martindale 
Electric Company of Cleveland, 
Ohio. The maker states that this 
device, which is shown in one of the 


accompanying illustratiens, operates: 


perfectly as a suction machine or as 
a blowing device in removing coal 
dust, dirt and accumulations from 


machinery, particularly electrical in- 
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stallations, where these accumula- 
tions have a tendency to set up 
short-circuits. 

The manufacturer further re- 
ports that when operated as a blower 
the air leaves the nozzle at a velocity 
of 200 feet per second—over 140 
miles per hour. The large volume 
of dry air insures more thorough 
and safer cleaning than is possible 
with compressed air. 

A motor-driven blower has also 
been developed by the Temco Elec- 
tric Motor Company of Leipsic, 
Ohio. This blower is equipped with 
ball bearings, has a fan speed of 
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Conveniently located bench tools or 
portable power-driven tools will 
soon pay for themselves on main - 
tenance work. 


A is a small bench grinder made by The 
Hisey-Wolf Machine Company of Cin- 
cinnati, Ohio. B is a drill grinder and 
bench grinder made by The Black & 
Decker Manufacturing Company of 
Towson, Md. At C is shown a variable- 
speed, semi-automatic control grinder 
manufactured by The United States 
Electrical Tool Company of Cincinnati, 
Ohio. The maker states that it is im- 
possible to overspeed this machine or 
to run it at a speed lower than is con- 
sidered best for grinding. D is a-port- 
able, power-driven saw, known as Skil- 
saw, which is shown cutting flooring. 
It is made by the Michel Electric Hand- 
Saw Company of Chicago, III. The 
maker states that this machine will also 
cut building compositions and insulat- 
ing materials as well as light sheet 
metal and bars or tubing. 
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12,000 r.p.m., and weighs 5 lb. net. 
A busbar or flat-metal bender has 
been placed on the market by the 
Albert & J. M. Anderson Manufac- 
turing Company of Boston, Mass. 
Tne makers state that this machine 
is portable and can be clamped in an 
ordinary machinist's vise. The de- 
vice is made in three sizes, the 
largest of which will handle material 
10 in. wide and % in. thick. 
Welding Machines and Supplies.— 
A new type of electric, arc welding 
generator has been placed: on the 
market by the Allan Manufacturing 
& Welding Company of Buffalo, N. Y. 
These generators may be driven 
by belt, by direct-connected motor, 
as shown in the accompanying il- 
lustration, or by gasoline engine. 
The manufacturer reports that the 
chief troubles of direct-current gen- 
erators are in the commutator and 
the difficulty in replacing burned-out 
armature coils; these two troubles 
are entirely eliminated in his weld- 
ing generators for two slip rings 
replace the commutator, and either 
eight or ten armature coils, depend- 
ing upon the speed of the machine, 
replace the ‘many coils of direct- 
current, welding generator arma- 
tures. In addition to the two above- 
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mentioned advantages, there are no 
complicated windings or connections 
of field coils. The maker also states 
that this welding generator has em- 
bodied in it the semi-arc feature for 
use in connection with the welding 
of light, cast-iron sections, par- 
ticularly defective automotive cylin- 
der blocks. 

A new single-operator arc welding 
machine rated at 200 amp. has been 
placed on the market by the West- 
inghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa. The 
manufacturer reports that this ma- 
chine will operate over a much wider 
range of current than previous ma- 
chines, has better welding charac- 
teristics and has been very much 
improved and simplified in general 
construction. The outstanding fea- 
ure of this machine is said to be its 
ideal current characteristics which 
make it easy to strike and maintain 
the arc, thereby giving good fusion 
and homogeneous welds. This ma- 
chine is shown in an accompanying 
illustration. 

A welding machine that will op- 
erate from any industrial power sup- 
ply has been developed by the 
Electric Are Cutting & Welding 
Company of Newark, N. J. The 
maker points out that by means of 
multiple, series-multiple and series 
combinations of the coils of the pri- 
mary winding, together with taps 
and adaptor windings, the welder can 
be made to operate on 110, 220 or 
440 volts, alternating current, of 25, 
40 or 60 cycles. It is also claimed 
that by the use of a resistor-reac- 
tor combination inserted in the sec- 
ondary winding, the welder can also 
be operated from a 110- or 220-volt, 
direct-current power supply. This 
company also informs us that a final 
decision of the patent litigation in- 
volving its welding machines has 
been rendered in its favor by the 
Circuit Court of Appeals of the Dis- 
trict of Columbia. 

A new type of direct-current arc 
welding generator in which the ad- 
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A voltage tester is a convenient 
tool for the repair man. 


This tester is made by the Square D 
Company of Detroit, Mich. In the top 
illustration is shown the new brick 
and cement drill made by the Van Ex- 
pansion Bolt Manufacturing Company 
of Chicago, III. 


justment of the welding current is 


obtained by shifting the generator 
brushes has been developed by the 
General Electric Company. This ma- 
chine is rated at 250 amp., 1 hr., 50- 
deg. rise, and 200 amp. continuous, 
and is also capable of handling a 
maximum welding current of 300 
amp. This manufacturer reports that 
the use of automatic arc welders 
showed a consistent gain during the 


Are welders have definitely shown 
their money saving possibilities in 
industrial plants. 


Here are three new or improved arc 
welders that have been put on the mar- 
ket during the past year. The one 
shown at A is made by the Lincoln 
Electric Co. of Cleveland, Ohio; B is 
made by the Allan Manufacturing and 
Welding Company of Buffalo, N. V.: 
and D is made by the Westinghouse 
Electric & Manufacturing Co. The ma- 
chine at A is an improved model in 
which rolled steel has been substituted 
for cast steel in the motor and genera- 
for cast steel in the motor and genera- 
weight. B is an entirely new machine. 
The outstanding feature of the welder 
shown at D, as stated by the maker, is 
{ts ideal current characteristic. C isa 
new electrode holder developed by the 
General Electric Company. 
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past year, and new types of machines 
were produced for use in manufac- 
turing them. 

H. Kleinhans Company of Pitts- 
burgh, Pa., reports that it has de- 
veloped à gasoline-engine-driven 
welder and a motor-driven welder 
which have unusual operating 
economy, inasmuch as the welding 
generator generates only sufficient 
voltage to supply the arc and lead 
voltage drop, thereby doing away 
with the losses due to an external 
resistance or control apparatus. 

The Lincoln Electric Company of 
Cleveland, Ohio, reports that it has 
improved its arc welder by building 
the frames of the generator and 
motor of rolled steel instead of cast- 
ings. This has brought about a de- 
crease in weight for a given size of 
welder and at the same time gives a 
more rugged machine than formerly 
built. This machine is shown in one 
of the accompanying illustrations. 

A new welding electrode which 
the maker informs us differs rad- 
ically from other electrodes in its 
makeup and characteristics, has 
been developed by the General Elec- 
tric Company. This electrode con- 
sists of a central metallic core 
surrounded by a layer of flux, which 
is protected by a metallic sheath. 
The maker points out that this spe- 
cial construction, together with the 
use of a special flux, results in un- 
usual arc stability, ease of manipu- 
lation and rapid deposition. The 
electrode can be used on either alter- 
nating- or direct-current systems 
and is particularly recommended by 
the maker for welding cast iron and 
galvanized iron. 

A new type of welding electrode 
holder marketed by the General 


(Please turn to page 110.) 


90 US 


ÎNDUSTRIAL ENGINEER 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems i in Mills and Factories | 


DANIEL H. BRAYMER 
Editorial Director 


Assisted by 


F. E. GOODING A. J. WHITCOMB 


G. A. VAN BRUNT 


Chicago, February, 1925 


N A recent report the 
Metropolitan Life In- 
surance Company has 
pointed out that industrial 
accidents cost this country 
every year not far from 
$1,000,000,000. This startling figure is due to about 
two and a half million to three million accidents a year 
that result in a loss of more than one day’s working 
time. The principal types of permanent partial injur- 
ies are: fingers and thumbs, 57.7 per cent; eyes, 7.6 
per cent; legs, feet and toes, 5.9 per cent; arms and 
hands, 3.8 per cent. Although the percentage of eye 
disabilities is relatively low, it is most serious, for the 
loss of an eye cannot be corrected by artificial methods 
in the way that these corrections can be applied to legs, 
arms, and hands. 

The distribution of fatal accidents places manufac- 
ture second to transportation with these two groups of 
work sharing about equally 48.3 per cent of all fatali- 
ties; agriculture and mining account for about 15 per 
cent each, construction about 9 per cent and all other 
work about 12 per cent. 

With manufacture charged with nearly one-quarter 
of the fatal accidents to 4,200 to 5,700 persons each 
year, coupled with two and a half million to three mil- 
lion disablements annually, the importance of safe- 
guards is apparent to any thinking persons. Education 
in safety work will go a long way toward reducing this 
toll of human life and its reduced efficiency in earning 
a livelihood, but it can never replace the need in mills 
and factories for safety engineering aimed at removing 
the causes of accidents and making machines and oper- 
ations as foolproof as possible. Certainly, if a dollar 
spent will save a dollar loss in accidents, the extent of 
safety engineering in this country should be on a scale 
of not less than one billion dollars expended every year. 
But such a result can not be hoped for until safety en- 
gineering is more universally established and American 
industry can well afford to spend now a greater sum, 
even up to four or five times the cost of industrial acci- 
dents, to stem the tide of accident losses in life and 
loss of production time, and wait for its return during 
the next decade. Such a contribution to humanity will 
prove a wise investment that should be neglected no 
longer. There are many good reasons for making it. 


Industrial Accidents 
Cost a Billion 


Dollars a Year 


ENGIN Vol.83, No.2 


A good way to start is to join the National Safety 
Council and plaster your plant with its effective safety 
bulletins. Then organize a safety engineering depart- 
ment and eliminate the death- and accident-traps 
throughout your works. 
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HE building program 
for 1925 as forecast 
by the Architectural Forum 
will call for an expenditure 
of around five billion dol- 
lars in new buildings. 
Seven of the 19 groups of construction work that are 
reported and call for an expenditure of more than 300 
million dollars each, account for 66 per cent of the total 
of five billions of dollars. Industrial buildings are listed 
as fifth in the group of seven at a cost of 5392, 367, 000, 
with hotels and churches each calling for about the 
same amount. Schools head the list with a cost of 
5726, 858,000 which, with the exception of apartment 
construction, represents nearly twice the cost of any 
one of the seven largest items. 

In percentage the industrial building program 
calls for more than seven per cent of the total expendi- 
ture and about the same as in 1924. This is healthy 
growth and seems to be pretty evenly divided for all 
sections of the United States, with the largest percent- 
ages assigned to the Middle West and Northeastern 
states. 

This amount of new industrial construction is 
going to call for much new electrical and mechanical 
work and many changes and rearrangements in the 
complete works where this new construction will ex- 
tend or add to existing plant facilities. Careful plan- 
ning of plant layout is called for in this new work and 
we hope with the co-operation of our readers to pre- 
sent in these columns during the coming year the re- 
sults of the best thinking it will represent. 


New Industrial 


Contruction 


During 1925 


EADERS are familiar 

with the more or less 
common practice of using re- 
cording instruments on the 
power line to a machine to 
see whether it is under- or 
over-motored and as a check on whether wear in bear- 
ings, gears or moving parts has become so great as to 
cause excessive loading. 

Recently another unusual use has been made of 
these power recording instruments. A large automo- 
bile factory was planning a new layout and rearrange- 
ment of many of its machines. Before the change was 
made tests were run on individual machine tools which 
were operated in large groups or batteries, such as gear 
cutters, screw machines and others. Tests on one type 
of machine indicated, for example, that a 2-in. belt was 
large enough for operation on the special, light work 
which this machine was doing, instead of the 5-in. belt 
which the machine manufacturer had provided for when 
making allowance for a drive which would take care 
of the maximum capacity of the machine. 

A similar study of motoring and belting of ma- 
chines to see what savings can be made will pay hand- 
some profits in almost any plant that has been in oper- 
ation a few years without changes in equipment which 
was originally bought and installed on more or less 


Saving Half 
On a Belting 


Installation 
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guesswork as to the best kind of drive to use. Of 
course, if a machine is operating on general work it 
may not be advisable to go much below the manufac- 
turer’s recommendation for the power drive. How- 
ever, many machines are on straight production with 
light loading which never changes and here is one in- 
stance where the machine and its drive should be 
suited to the job being done and not to the possible 
range of work on which it can be used. 


———- 4 


EADERS of INDUSTRIAL 
ENGINEER have 
noticed, perhaps, that its 
pages have been almost en- 
tirely free from papers de- 
scribing elaborate researches 
or highly technical discussions on theoretical subjects. 
There has been a reason for this. 

Research and theoretical discussions have a very 
important place and value and should not be depreci- 
ated. This place is, however, where the design of equip- 
ment originates. The practical operating man with his 
multitude of duties seldom has the time nor opportunity 
to thoroughly digest these papers and determine how 
the useful findings may be applied to his work. 

Recently a prominent practical engineer, well 
known to the readers of this paper, mentioned the 
value of “translating” and “practicalizing’” some of 
these reports so that the findings can be more readily 
appreciated and applied by plant men. In speaking of 
a recent report on belt drives, which are closely associ- 
ated with his work, he remarked: “There is mighty 
good stuff in that report but it would take me at least 
a full day to make it usable. I am glad to learn that 
the laws controlling this work have been determined 
but I cannot give this report to an assistant and let 
him apply it. This report is meant for engineers who 
devote their whole time to this subject, which, to me, 
is only one item of my work. Couldn’t the Editors of 
INDUSTRIAL ENGINEER or some other practical men put 
this information into charts, curves, tables or diagrams 
which would give us the results in five minutes with 
only simple calculations?” 

Perhaps other readers have had similar ideas. 
INDUSTRIAL ENGINEER is making an investigation of the 
report in question and the readers will benefit from it 
shortly. The Editors are always anxious to hear of an 
opportunity to be of service to their readers in this way. 


Making Research 
Data Usable to 


Practical Men 
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N a recent trip 


Watch through a large in- 
Your dustrial works, we were 
Scrap Pile impressed by the clever use 


of a great deal of material 
that otherwise would have 
been scrapped as having outlived its usefulness. 

A steam-engine-driven ventilating fan was to be 
removed to a new location where space was at a 
premium and where no steam supply was available. 
Instead of incurring the additional expense of a new 
direct-connected, motor-driven fan, it was decided to 
remove the steam engine from the present fan. The 
fan was taken off the crank shaft of the engine, a new 
shaft installed with a pulley on it, and the outfit con- 
nected up to a short-center, belt drive using an idler 
pulley. This enabled the outfit to go into the space 
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available and resulted in a saving of not only money 
but also the time required to obtain the new fan. 

At another place in the same plant, a flywheel and 
drive pulley were required for a coal crusher. Two 
flywheels from a discarded gasoline engine were put on 
the same shaft. This gave the required flywheel effect 
and their rims made a good pulley. 

At one of the substations of this plant, three 25- 
cycle, 12,000-volt transformers were required to carry 
expected additions to the plant load. At one of the 
other plants of this same company, there were three 
25-cycle, 20,000-volt transformers which were about to 


be consigned to the scrap pile on account of the substi- 


tution of 60-cycle for 25-cycle power. The transformers 
were opened up and rearranged for 12,000-volt opera- 
tion. As the transformers were each rated at 500 kva., 
it meant quite a large money saving to the company. 

These instances point out the fact that old equip- 
ment should not be scrapped just because the present 
need for it has ceased. A time may come when very 
good use of it can be made and will result in a consider- 
able saving of capital investment. Oftentimes the use 
of this equipment will enable changes to be made that 
would not otherwise be considered because of the ap- 
propriation that would be required. 


— — 


OMMENTING on the 

use of ball bearings 
in his report on changes 
which were made during 
the past year, H. D. Fisher, 
Plant Engineer of the New 
Haven Pulp and Board Company, makes the follow- 
ing significant statement in the article beginning on 
page 52 of this issue: 


We have not gone extensively into the use of ball bear- 
ings * * * . Further, until our men are more familiar 
with the signs which these bearings give of impending 
trouble we fear that we would have a disproportionate num- 
ber of failures. We attribute the rather excessive trouble 
with those which we now have to the fact that incipient 
trouble is not recognized before it becomes serious. 


Many plants have unusual operating conditions 
and there is no doubt that many pieces of equipment, 
particularly new types, have been unjustly blamed for 
failure to give service that was up to expectations be- 
cause the men in charge of the equipment did not 
know how to take care of it and were not familiar 
with the early signs of trouble. Detecting trouble 
and remedying it before it becomes serious is the 
very essence of maintenance work. Repairs which are 
made after breakdown occurs are very likely to be 
much more expensive than they would be if they were 
made while the equipment was still in operating con- 
dition. In addition, there are the inevitable delays 
and loss of production, which are also expensive. 

It is, however, not always possible, or advisable, 
to put off the installation of new equipment until the 
operators and inspectors are familiar with its opera- 
tion and care. Consequently, when new types of equip- 
ment are to be installed it is well to secure from the 
manufacturer or other reliable source as much infor- 
mation as possible regarding the care it should be 


Teach Your Men 
Signs of Trouble 


in New Equipment 


given and the manner in which signs of distress are 


manifested. If the inspectors and operators are then 
thoroughly instructed on these points, so that they will 
understand clearly what to look for, and where, bet- 
ter results will be obtained and a good deal of trouble 
and expense may be avoided. 
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Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


Who Can Answer 
These? 


Supporting Lineshafting on Concrgte 
Pillars—I have to support several long 
runs of lineshafting on concrete pillars 
and should like to know (1) if this 1s 
considered good practice. (2) Will it 
be necessary to use adjustable pillow 
blocks, or will the solid type be satis- 
factory? (3) Is there enough danger 
of the pillars settling or getting out 
of line to make it necessary to brace 
these in any way? 

Brooklyn, N. Y C. R. P. 


Number of Bars Covered by Brushes on 
Wave-wound D. C. Armatures—I should 
like to know why the brushes on a 
4-circuit, wave- wound, d. c. armature 
cover only a little more than one seg- 
ment, instead of two or more segments. 
I was, until recently, under the im- 
pression that the brushes had to cover 
as many segments as there are cir- 
cuits per coil. If not, why have the 
four circuits? 

Wichita, Kan. E. E. B. 


Lay Out of Typical Three-phase Instai- 
lation— Will some reader give me (1) 
a diagram of a typical, three-phase 
power installation from the power com- 
pany's wires to switchboard, including 
transformers? (2) What transformer 
connection is used most, and why? 
Windsor, Ont., Can. J. A. L. 


Using A. C. Generator as Synchronous 
Motor—What changes, if any, are nec- 
essary in order to use a stationary- 
field, revolving-armature, a.c. genera- 
tor aS a synchronous motor? This is 
a Westinghouse generator, rated at 25 


kva., 480 volts, 30 amp., three-phase, 
60 cycles, 1,800 r.p.m., serial No. 
4212835. The exciter is direct-con- 


nected to the generator shaft and is 
rated at & kw., 125 volts, 6 amp. 

I should like to use this generator as 
a synchronous motor to drive a cen- 
trifugal sugar drier and to correct 
power factor. The power supply is 480 
volts and all motors are rated 440 volts. 
If I can use this generator as planned, 
what horsepower will be developed 
and what will be the ampere input? 
Will I have to have an outside supply 
of direct current for excitation, or can 
use the exciter on the machine? 
Negros Occidental, P. I. A. C. M. 


Caleulating Starting Resistance for D.C. 
Motors— Will someone please tell me 
how the amount of resistance that is 
used in the starting rheostats of shunt, 
compound and series d.c. motors is 
computed? (2) How are the different 
voltages obtained on the various taps 
of the compensators for a.c. motors and 
what are their usual values in percent 
of full-line voltage? 

Albert, W. Va. F. H. 


runs former Draws Heavy No-load Cur- 
rent—We have a 75-kva., 25-cycle, 
single-phase, 2,200/220/110-volt light- 
ing transformer which draws an ex- 
cessive no-load current. The primary 


current with all secondary load dis- 
connected is about 11.5 amp. at 2,200 
volts. The secondary voltage is nor- 
mal at 0, 4, %, % and full load. The 
temperature of the oil is normal. The 
insulation resistance between wind- 
ings and between windings and ground 
is over 50 megohms. What is the 
cause for this high no-load current? 

Hamilton, Ont., Can. J. F. M. 


Reclaiming Leather Belting—I should 
like to know if any readers have made 
an investigation to determine how 
much belting must be in use before it 
will pay a plant to undertake belt 
reclamation work. I should also like 
to know the amount and kind of equip- 
ment required to do such work and 
a bout what savings we could expect to 
make. I shall appreciate any sugges- 
tions or information you can give me. 
Cleveland, Ohio. E. E. L. 


a s s s 
Polarity of Transformer—After reading 
the article on Checking and Testing 
Transformer Connections” on page 560 


of the December, 1924, issue of INDUS- 
TRIAL ENGINEER, I am somewhat con- 


High fension 
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r 


Low fension 


fused as to the relationship between 
the primary and secondary voltages for 
transformers of different polarities. 
Assume a transformer having primary 
and secondary voltages in the winding 
as shown by the arrows in the dia- 
gram. Can some reader tell me 
whether this transformer has additive 
or subtractive polarity, and why? 

Chicago, III. G. A 


s s e s 


Reconnecting Two-Phase Motor for 
Three-Phase Operation—I havea 10-hp., 
440-volt, two-phase, squirrel-cage mo- 
tor which has 48 slots and coils, six 
poles, and is series- connected. Can 
this motor be reconnected for three- 
phase operation by using the “T” con- 
nection? If so, how many coils must 
be cut out of circuit? What will the 
new grouping be for three phase and 
what horsepower will the motor de- 
velop after reconnection, if the speed 
remains the same as before? What is 
the smallest number of coils that can 
be reconnected from two-phase to 
three phase by the “T” connection? 
Iola, Kan. G. E. G 


Answers Received 
To Questions Asked 


How to Determine When a Wave Wind- 
ing Is Retrogressive or Progressive 
Please indicate by formula or other- 
wise how to determine when a wave 
winding is wound progressive or retro- 
gressive and what are the particular 
advantages of the progressive wave 
winding over the retrogressive? 
Chicago, III. H. B. C. 


The formula to use for determining 
when a wave winding is progressive 
or retrogressive is as follows: k = 
(K+1) ~ p. In this formula (K) is 
the number of commutator bars, (k) 
the lead pitch on the commutator, and 
(p) the number of pairs of poles. 

In any two-circuit wave winding, re- 
gardless of the number of poles or 
whether the bars are odd or even, the 
above formula will indicate when the 
wave winding is progressive or retro- 
gressive. It is retrogressive when the 


minus sign is used and the commutator 


pitch comes out a whole number, and 
progressive when the plus sign is used 
and the commutator pitch comes out 
a whole number. 

For example, take a four- pole, 
ninety-seven-bar machine: k—(97-++-1) 
— 2 = 49, or a lead pitch of I-and-50. 
Then 1-++49+49—99, which means that 
the coils connected in series and start- 
ing on bar (1) will have the finish 
lead connected to bar (99) or bar (2), 
which is one bar ahead of the starting 
point. The winding is progressive. 

On the other hand, using the minus 
sign, k- (97—1) 2 48, giving a lead 
pitch of l-and-49. Then 144848 == 97, 
which means that the series of coils 
starting at bar (1) would have the 
finish lead connected to bar (97) or one 
behind the starting point, making a 
retrogressive winding. 

As another example, when the com- 
mutator bars are even, take a six-pole 
100-bar machine. Then k- (1001) 
3 83323. The commutator pitch comes 
out a fraction and cannot be used. Then 
using the minus sign, kg (100 —1) 3 
33, or the commutator lead pitch is 
l-and-34. Then 1＋33＋33＋33 = 100 and 
the series of three coils starting on bar 
(1) would have the finishing lead con- 
rected to bar (100) or one behind the 
starting point and the winding would 
be retrogressive. 

In the case of a 200-bar, six-pole 
machine, k (200—1) - 36674. which 
cannot be used. Then try the plus 
sign: k (200 ＋-1) 367 or a lead 
pitch of l-and-68. Then 1+67+67+67 
—202 for a progressive winding. 
Wilkinsburg, Pa. A. C. Roe. 
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Method of Lining Up Conduit on Ceiling 
Beams—I wish some reader would 
please tell me the quickest and proper 
way to line up %-in. conduit on the 
ceilings of mill-type buildings when 
you are breaking around the beams, 
using condulet fittings only at the bot- 
tom of the beams and also between 
beams, for lights. Some say it is best 
to put all of the pipe clips up first by 
using a chalk line and plumbing down; 
then you can take the line down and 
it will be out of the way. Others say 
to snap the line and take it down, but 
this method does not make a mark be- 
tween the beams. As the thickness of 
the fittings must be taken into con- 
sideration, should one go by the edge 
of the fittings, by the edge of the pipe 
or by the center of the pipe? Also, 
should the clips be put up first? If so, 
what is gained by so doing? 
Worcester, Mass. R. S. T. 


Replying to R. S. T. in the December 
issue, common judgment is to be used 
in a case like this, taking into consid- 
eration the physical conditions of the 
building in question. There being noth- 
ing to prevent, a good way would be 
to string a chalk line across the ceiling, 
squaring it with the adjacent walls as 
far as possible. Snap the line, leaving 
a chalk line mark underneath each 
beam. Take a hacksaw and cut a small 
mark on the edge of the beam, deep 
enough to be readily seen, but without 


damaging the beam. Rub a piece of. 


chalk over the cut, and it will fill up 
with chalk, which leaves a permanent 
mark that will last for several weeks. 
It is then an easy matter to string a 
short line from mark to mark, or from 
beam to beam, as the work progresses, 
lining up the conduits with a plumb in 
each bay or section as these are bolted 
up ; 

In this method, after the work is laid 
out there are no long lines to catch on 
obstructions or be stretched out of 
true, and your line marks are there for 
a period much longer than will actually 
be needed. Try it and be convinced. 


Chief Engineer, P. S. PENDER. 
Metronolitan Eng. Co., 
Granite City, III. 
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Why Can Not This Motor Be Speeded 
Upt—We have a Westinghouse, type 
SK, 7%-hp., 1,150-r.p.m., 110-volt mo- 
tor that is giving us trouble. The 
nameplate says “Shunt Wound, Contin- 
uous Speed,” but it has a series field. 
shunt fleld and interpoles. For several 
years this motor ran satisfactorily, 
until a brush was replaced. The new 
brush was identical with the old one. 

The motor picks up regularly and 
carries the load, but as soon as the 
field is weakened to increase the speed 
the load fluctuates badly; the more the 
field is weakened the more the load 
swings until there is a sharp flash at 
the brushes or a fuse blows. All kinds 
of connections have been tried, without 
results. The speed of the motor when 
running the machine is from 1,150 to 
1.500 r.p.m. When the trouble started 
the machine was running at 1,800 
r. p. m. The same trouble occurs with 
all of the different motors of the same 
type that we have tried on this ma- 
chine, although it can be driven satis- 
factorily by a straight shunt motor of 
less horsepower rating. Can some reader 
tell me the cause of this trouble? 
Norwood, Mass. E 


Referring to the question by E. F. 
in the November issue, he says that the 
motor ran satisfactorily for several 
years until a brush was replaced. I 
should say that the brush setting was 
disturbed, as this alone will cause quite 
a lot of trouble in a motor of this type. 
He also states that all kinds of connec- 
tions have been tried without success. 
If the motor flashes at the brushes or 
blows fuses with an increase of speed 
and the load fluctuates badly, it would 
appear that the fields were improperly 
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connected. If this motor were over- 
fused sufficiently I think he would find 
that it would come to a dead stop and 
then start up in the reverse direction, 
due to the gradual weakening of the 
shunt field and gradual increase in load 
due to increased speed, by strengthen- 
ing the series field and causing it to 
overcome the weak shunt field, thus 
making the motor reverse its direction 
of rotation. I would suggest that he 
check up the field connections and make 
sure that the shunt and series fields 
are connected cumulatively; also see 
that the interpole polarity for a given 
pole is the same as the main pole 
which follows it in the direction of ro- 
tation. Then the brush rocker arms 
should be set so that the coils directly 
under the interpoles are the coils which 
are being commutated. 


Detroit, Mich. J. J. Conway. 
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In reply to E. F's. question in the 
November issue, it is quite evident that 
the mere replacing of a brush could 
not cause the trouble which he 
describes. 

If this motor has operated satisfac- 
torily for several years as a variable- 
speed machine, it certainly will con- 
tinue to do so after a new brush has 
been installed, provided all connections 
are the same as before. 

It is quite evident, from the informa- 
tion given, that the fields do not bear 
the correct relation to each other for 
proper operation. 

I would suggest that E. F. check the 
connections again and I am quite sure 
he will find that the series or interpole 
winding, or both, are bucking the shunt 
winding. 

G. B. H. 


Columbus, Ohio. 
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E. F.’s question in the November is- 
sue is complicated by the statement 
that although the nameplate reads 
“Shunt Wound,” the motor has a series 
field. If the motor really is com- 
pounded, the symptoms described would 
result from trying to run the motor too 
fast. From the statements made, the 
motor was running from 30 per cent to 
55 per cent over its rated speed, which 
is stretching the latter quite a bit for 
a constant-speed motor. Under such 
conditions the shunt field is so weak that 
the motor tends to operate as if it were 
straight series wound. It speeds up un- 
til the counter e.m.f. of the motor re- 
duces the armature and series field cur- 
rent to a value which makes the series 
field weaker than the shunt field. Then 
the motor slows down and the cycle 
is repeated until the brushes flash or 
the fuses blow. 

It is stated, however, that this motor 
ran satisfactorily until a brush was 
replaced. Is it possible that the brush 
rocker got shifted while this was be- 
ing done? If the motor is operated 
in one direction only, try moving the 
brush rocker in the direction of rota- 
tion. Do this a little bit at a time, say 
1/32 in. measured on the face of the 
commutator. Even a plain shunt, in- 
terpole motor will behave as mentioned 
if the brushes are not correctly placed. 
But the statement that the same 
trouble occurs with other motors of the 
same type would make it appear that 
the trouble is due to excessive field 
weakening. Possibly in the years dur- 
ing which the motor was operating suc- 
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cessfully it was running at its rated 
speed of 1,150 r. p. m., since E. F. says 
that everything is all right until he 
starts to weaken the field. 

Honesdale, Pa. J. M. WALSH. 
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In the November issue E. F. asks 
for an explanation of a rather peculiar 
phenomenon occasionally met with in 
the operation of commutating-pole mo- 
tors. He is obviously puzzled over the 
fact that a shunt motor is supplied with 
a series field, and it may interest him 
to know that it is put on for the very 
purpose of preventing unstable opera- 
tion, which 1s his trouble. 

With the advent of commutating 
poles there has been a tendency to in- 
crease the armature ampere turns rela- 
tive to the field ampere turns, as there 
is no longer any need of having a com- 
mutating flux fringing off the main 
pole tip. However, under load the rela- 
tively stronger armature increases the 
distortion of the main field flux due to 
cross-magnetization, and, as the teeth 
and pole tips are usually saturated to 
some extent, the increase in flux on one 
side of the pole is less than the reduc- 
tion on the other. The net result is, 
then, a decrease in total flux per pole, 
with an increase in armature current. 

If the weakening of the field with 
increasing load is pronounced, the mo- 
tor speed increases with load and fails 
to reach a stable point. However, in- 
stead of increasing uniformly until the 
motor flashes over, the speed and arma- 
ture current frequently oscillate, due 
to interchanges of energy between the 
electrical and mechanical systems, the 
energy being alternately stored as elec- 
tro-magnetic energy in the motor field 
and mechanical energy in the rotating 
parts. To prevent weakening of the 
motor field with increasing load, the 
motor is supplied with a small series 
field and in this case the trouble can 
no doubt be overcome by adding a turn 
to the series field. 

However, there is another possible 
source of trouble. If the commutating 
field is too strong a current circulat- 
ing in the coils short circuited by the 
brushes will cause a weakening of the 
main field with increasing load. In- 
deed, since in this case trouble com- 
menced after the brushes had been 
changed, it is probably caused by a 
circulating current in the coils under- 
going commutation. Increasing the 
commutating pole gap by removing 
liners from back of the poles, if there 
are any, or machining a little off the 
commutating poles, will overcome that 
difficulty. 

A more detailed discussion of the ef- 
fect of cross-magnetization and the cir- 
culating current in the brushes on the 
motor speed may be had by reference 
to an article in the Electrical Journal 
for September, 1914, by C. G. Lewis 
and the writer. entitled, “Speed Char- 
acteristics of Direct-Current Motors.” 

F. may be interested in seeing an 
oscillogram record of the armature cur- 
rent during an unstable condition simi- 
lar to that which is giving him 
trouble. He can find such a record in 
Fig. 10 on page 298 of Vol. XXXVI, 
of Transactions A. T. E. E., in a paper 
by the writer entitled “Analysis of 
Starting Characteristics of Direct-Cur- 
rent Motors.” It will also probably in- 
terest him to know that the test was 
made on a motor of exactly the same 
tvne and rating, except that it was a 
220-volt instead of a 110-volt machine. 
He will note there that the armature 
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current would vary from 100 amps. to 
25 amps. in the opposite direction. His 
motor being of half the voltage and 
twice the current rating, would, of 
course, show a much wider variation of 
current under similar conditions. 
Milwaukee, Wis. K. L. HANSEN. 
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Jackshaft Bearing of Mil- Type Motor 
Leaks Oil.—I am having trouble with 
oil leakage from the jackshaft bear- 
ings of mill-type motors. These bear- 
ings are large, running from 3% to 7% 
in. in diameter. They are split and 
held in brackets which are integral 
with the motor frame. Both ends of 
the babbitt bearing extend beyond the 
bearing housing. There is one oil ring 
in each bearing. The oil leaks out 
around the shaft at the ends of the 
bearings and then drips on the sur- 
rounding apparatus. At times the oil 
will be drawn out of the bearing to 
such an extent that the oil level will 
5715 too low for the ring to dip in the 
; I shall appreciate it if some of the 
readers of INDUSTRIAL ENGINEER will 
give me the remedies they have used to 
overcome this trouble. 

South Chicago, III. O. C. 

In reply to O. C.’s question in the 
September issue, without knowing the 
make of motor, I would say that babbitt 
bearing linings should not be so long 
as the bearing housing. Cut them off 
so that they come, when finished, from 
% in. to % in. inside of the bearing 
housing opening. Also, it is usually 
very good practice to cut an oil groove 
from % in. to % in. in width and a 
short distance from each end of the 
babbitt lining, with two or three holes 
in the bottom half. 

The oil ring is placed there for the 
purpose of carrying oil into the bear- 
ing, but it will not carry the oil out; 
it flows out by gravity. As this bear- 
ing has only two openings, one at each 
end parallel with the shaft, out of which 
oil can flow, it flows to these openings 
and then out upon the ground, as it is 
mechanically prevented from flowing 
back to the oil well by an obstruction 
of babbitt extending beyond the bear- 
ing housing. If the end of the bearing 
lining were inside of the bearing hous- 
ing the oil would drip from the end of 
the bearing onto that portion of the 
housing extending beyond the bearing 
and drain back to the oil well. 

Jackshaft thrust collars were not 
mentioned, but there should be some 
form of thrust collar on this jackshaft, 
two at least, and possibly four. The 
edge of this thrust collar should carry 
some form of mist ring or oil thrower; 
that is, it should not be a flat surface, 
but of knife-edge design, so as to pre- 
sent the smallest possible surface to 
which oil can adhere. The oilways cut 
around the ends of a bearing are put 
there to provide an outlet from the 
bearing and the larger the amount of 
oil one can make flow over the surface 
of a bearing or shaft in a given length 
of time, the cooler the bearing will be. 


Chief Electrician, A. L. GEAR. 
Gary Screw & Bol 
Gary, Ind. 
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Referring to O. C.’s question in the 
September issue of INDUSTRIAL ENGI- 
NEER, it is somewhat difficult to accu- 
rately analyze the cause of the trouble 
in a leaking bearing without knowing 
whether the bearing is ring oiled, chain 
oiled or wick oiled. We will consider 
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that the bearings in question are ring 
oiled. 

The illustration shows a cross-section 
of a typical bearing arrangement. The 
oil circulated by the ring creates a 
pressure which forces it to follow the 
parting line of the two halves of 
the bearing toward the outer ends 
where it clings to the shaft and 
leaks out. If collars, pulleys, gears, 
etc., are mounted on the shaft near 
the bearing, there is a tendency to 
create a slight vacuum at the ends of 
the bearing and by reason of the dif- 
ference in pressure inside the bearing 
and at its end, the oil is drawn out, leak- 
ing down the end of the bearing. Us- 
ing a heavy oil will not remedy the 
situation, and will be found to aggra- 
vate conditions. Likewise, oil that is 
thin will flow too freely and leave the 
bearing in a fine spray. 


Shellaced paper shims placed be- 
tween the bearing halves and a 
relief groove shown at (A) will 
prevent oil leakage. 


To remedy such leaky bearings a 
well-shellacked paper shim should be 
placed at each side between the two 
halves, so as to close the opening at the 
dividing line of the bearing halves. 
Also, if there are no relief grooves in 
the upper part of the bearing, a groove 
should be chipped in, extending from 
the oil-ring chamber to the oil-collect- 
ing groove at each end of the bearing, 
as shown at (A) in the diagram. For 
general service, a medium oil with a 
viscosity of 275-310, Saybolt, is recom- 
mended. E. H. Laas. 


Engineer, Printing ute Gon Dept., 
The Cutler-Hammer Mfg. Co 
Milwaukee, Wis. 
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Method of Running Open Wiring in Mill- 
Type Buildings—I wish some of the 
readers of INDUSTRIAL ENGINEER would 
give me their opinion on the best way 
of running open wiring in buildings of 
mill-type construction. Assuming that 
No. 8 or larger conductors are used, 
should these be run on the roof 
trusses, on the ceiling beams or on the 
side walls? Should the conductors be 
supported by cleats or on knobs? 
What kind of cleats and Knobs should 
be used? I should also like to know 
when and how strain insulators should 
and should not be used. Is there any 
preference as to the type of strain 
insulator? Any information you can 
give me. will be much appreciated. 
Worcester, Mass. R. S. 


R. S. T. asked, in the September is- 
sue, for information on wiring a build- 
ing of mill-type construction. I would 
run the wires on either the side walls 
or on the ceiling beams, depending on 
which location would require the least 
work and material. The wires should 
not be run on knobs or in cleats, as 
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this methéd is used only where the 
wire is smaller than No. 8. I would 
suggest that he use two- or three-wire 
brackets for supports. These may be 
fastened to the ceiling beams by means 
of I-beam clamps or bolts, preferably 
the former. I have solved many prob- 
lems of this kind by consulting manu- 
facturers’ and jobbers’ catalogs, and I 
believe R. S. T., can secure valuable in- 
formation if he will obtain some of 
these catalogs. 

Insulators should be used at the ter- 
mination of each run of wire, and some- 
times at each end of the run. They 
should be equipped with a turnbuckle 
or eye-bolt. This will provide a means 
of drawing out of the line any sag that 
comes after the work is completed. If 
an eye-bolt is used, it should have sev- 
eral inches of threads and the threads 
in either the eye-bolt or turnbuckle 
should be filled with heavy cup grease 
to prevent corrosion. Any type of in- 
sulator that meets the Code require- 
ments may be used, but porcelain is 
preferable. 

I might say that Article 5, Section 
501 of the 1923 edition of the National 
ae Code will be very helpful to 


Moundsville, W. J. H. BLAIR. 
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In reply to R. S. T.'s question in the 
September issue, running open wiring 
in buildings of mill-type construction 
is largely a matter of conditions, but 
there are some good rules that may be 
followed. Assuming that the wires are 
to be run overhead and that there are 
no cranes or hoists in the building to 
interfere, they can be run to advantage 
on the under side of the trusses by us- 
ing strain insulators at each end of the 
line, fastening these insulators directly 
to the ironworks or bolting a piece of 
angle iron on the under side of the 
truss work for use as a dead end. 

If there are cranes in the building 
the only place wires can be safely run 
is on top of the roof trusses directly 
under the roof boards. In the case 
of concrete or gypsum roofs run 
under the top cross member of the 
truss work and deaden them as in the 
first instance. Running feeders on 
side walls is not done extensively by 
the open-wiring method. Conduit is 
best on side walls unless feeders are 
very large, say No. 4/0 or above. 
Cleats probably will give better service 
than knobs in open mill wiring as they 
are not subject to much breakage, due 
to their generous size for wires of No. 
8 gage or larger. They will also make 
a very neat job if put up in a straight 
line and evenly spaced. 

It is considered good practice to use 
strain insulators at the ends of all 
lines on open work in mills. It is very 
poor practice to make turns with knobs 
or cleats when running wires of large 
size. By using strain insulators, wires 
may be pulled up tight and they will 
stay tight, whereas, if knobs and cleats 
are used the wires cannot be pulled 
tight and if they are to be kept from 
sagging a very close spacing of cleats 
will be required unless strain insulators 
are used. 

There is a decided preference in the 
kind of strain insulators to be used. In 
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buildings where heat and moisture are 
excessive porcelain insulators are best. 
If the building is dry, mica or wood 
strain insulators may be used. They 
can all be obtained in any variety of 
styles and voltages which a particular 
case may require. 


Donnacona, P. Q., Can. LEE F. DANN. 
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Answering R. S. T. in the September 
issue, for running large conduetors in 
mills strain insulators of the mica- 
globe type, with eyes or clevices, pro- 
vide the best means of drawing the 
lines up tightly, where the run is 
straight. Even where a right-angle 
turn is desired, strain insulators may be 
used, fastened back to a near-by wall 
or to a beam in such a way that each 
conductor is staggered up or down 
away from the next one, where they 
cross or turn. 

When using strain insulators for a 

job like this, provide a turnbuckle in- 
sulator at one end of each conductor, 
so as to take up slack from time to 
time. 
As for the location of the conductors, 
this depends upon the location of the 
load; 17 all or most of it is near the 
wall keep the feeders near the wall 
or high up on the wall. : 

If the greater part of the load is out 
on the floor, and the girders just over 
head have a clear runway with no 
cranes, long, tight lines stretched where 
convenient can be neatly installed. 

If feeders are praced along the side 
wall, keep them high above the reach 
of ladders likely to be placed there, 
as these are a common source 
of interference. Feeders should be kept 
high out of the way in all cases, be- 
cause they cannot be removed very 
readily for the unexpected installation 
of some machine, crane or whatnot. 

With the lines drawn tightly, large 
two-piece porcelain cleats taking two 
screws each may be placed along the 
line at intervals close enough to keep 
it from sagging, but the cleats really 
hold none of the strain. 

I have installed many such lines, up 
to 500,000 circ. mil. diameter, by using 
globe and turnbuckle strain insulators 
at each end, pulling the conductors 
tight first, and then placing large por- 
celain cleats on either wood beams or 
on steel girders. 
Jamestown, N. Y. 
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In answer to the question asked by 
R. S. T. in the September issue, Article 
5, Section 501, Paragraph (K) of the 
1923 edition of the National Electrical 
Code says in part: “In buildings of 
mill construction mains not smaller 
than No. 8, where not liable to be dis- 
turbed, may be separated about 6 in. 
and run direct from timber to timber, 
being supported on each timber only.” 

In article 5, Section 501, Paragraph 
(A) the statement is made that sup- 
ports shall be composed of approved, 
non-combustible, non-absorptive insu- 
lating material, free from checks, 
rough projections or sharp edges which 
might injure the insulation on the con- 
ductor. If the supports are designed 
to grip the wires either screws or nails 
may be used to fasten the support in 
place, but nails shall be long enough 
to penetrate the woodwork not less 
than one-half the depth of the knob 
and fully the thickness of the cleat. 
Also, in paragraph (B): “Supports 


H. S. RICH. 
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shall provide at least „ in. separation 
between the securing screw or nail and 
the wire, and shall be designed for two 
securing screws of the split knob (or 
single-wire cleat) type intended for 
wires larger than No. 4.” 

Personally, I would recommend in 
your case using knobs screwed in place 
on each timber, keeping your wires well 
apart, and if they are in any way liable 
to mechanical injury, protect them by 
guard grips not less than %-in. in 
thickness, and at least as high as your 
knob. However, for wire larger than 
No. 6, I would use two-piece cleats se- 
cured in position on each timber with 
two screws. Strain insulators are used 
at the ends of the runs and unless your 
lines are No. 4 or larger, it is really not 
necessary to use them. 

Ardsley, Pa. EDWIN V. LAMBERT. 
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Voltage Rating of Fuses for 440-Volt Cir- 
euits— Will some reader please advise 
me as to the proper kind of fuses and 
fuse cutouts to use on 440-volt. three- 
phase, 60-cycle circuits? Should I use 
600-volt or 250-volt fuses and cutouts? 
(2) Is it practicable to use fuses above 
300-amp. rating as entrance fuses. or 
would it be better to use a circuit 
breaker? 

Any information that you can give 
me will be greatly appreciated. 
Marion, Ohio. G. R. K. 
Referring to the questions asked by 

G. R. K. in the December issue, 600- 

volt fuses should be used on 440-volt 

circuits, because of the inductive effect 
on alternating-current circuits; 250-volt 
fuses would not operate satisfactorily. 

They would be very liable to explode. 
As to the second question, it certainly 

is practical to use fuses above 300-amp. 
rating as entrance fuses. Entrance 
fuses burn out very seldom and there 
could be no possible argument for the 
use of anything else except a fuse for 
such service. 

Vice-President, H. T. BUSSMANN. 


Bussmann Manufacturing Co., 
St. Louis. Mo. 
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In reply to G. R. K., whose question 
appeared in the December issue, (1) In 
view of your second question I would 
use 600-volt fuses in preference to 
250-volt; 600-volt fuses of 300-amp. 
capacity can be purchased and are ap- 
proved by the Fire Underwriters. 

(2) It is practicable to use 300-amp. 
fuses as entrance fuses; even double 
that capacity can be used by approval 
under proper conditions. However, if 
your service is of such a nature that 
interruptions due to grounds and shorts 
are common, the use of fuses would not 
only be impracticable, but contrary to 
good practice, due to the cost of fuse 
replacement and the time lost in re- 
placement, as only competent men 
should replace fuses of such rating. 
These men may be at a distance when a 
fuse blows and the time element involved 
in looking up the electrician is of conse- 
quence. I have installed fractional- 
ampere circuit breakers on the basis of 
the labor involved in making fuse re- 
placements and they have proved eco- 
nomical. Another point in favor of the 
circuit breaker is that when it opens 
this action is readily discovered. 
whereas fuses require testing, in many 
cases to find the trouble. In general a 
circuit breaker can be reset with the 
minimum danger to incompetent men, it 
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is readily adjustable to a variety of set- 
tings, has no upkeep expense other than 
periodical testing and cleaning and is 
less of a fire hazard. 

Fuses are cheaper, under conditions 
that admit of their use, are reliable and 
require no attention; in many places 
they cannot, however, be used because 
of their fire hazard. 

If from the above you believe, G. R. 
K., that a circuit breaker better suits 
your needs, I would suggest that you 
get in touch with some of the leading 
manufacturers of circuit breakers, prac- 
tically all of whom carry advertising in 
INDUSTRIAL ENGINEER, state your condi- 
tions completely and they will give you 
costs, sizes and any other information 
desired. 


West Allis, Wis. EDWARD JAMES. 
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In reply to the inquiry by G. R. K. 
in the December issue, we can advise 
(1) that the proper voltage of fuses 
and cutouts to use on 440-volt circuits 
are those labeled 600 volts. The 600- 
volt fuses and cutouts are ordinarily 
used for voltages above 250 and not 
over 600. For voltages above 125 and 
not over 250, 250-volt fuses and cut- 
outs are ordinarily used. 

The 250-volt fuses are not designed 
and intended for use on 440- and 600- 
volt circuits. The 600-volt fuses have 
a greater break distance and are of a 
more rugged design than the 250-volt 
fuses, so as to withstand the added 
strain to which the higher voltage may 
subject the fuses under heavy short- 
circuit service. 

(2) Fuses up to 600-amp. capacity, 
in both the 250- and 600-volt ranges, 
when made by manufacturers under the 
approval of Underwriters’ Laboratories, 
Inc., established and maintained by the 
National Board of Fire Underwriters, 
will give satisfactory service as en- 
trance fuses, and from the economical 
viewpoint should be chosen, since they 
are less expensive than circuit break- 
ers. 


Electrical Engineer, J. L. BROYLES. 
Economy Fuse & Mfg. Co., 
Chicago, III. 
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Answering G. R. K. in the Decem- 
ber issue, the National Electrical Code 
covers the fusing of 440-volt circuits in 
every detail and all that he can do is 
to follow these rulings closely, using 
the necessary judgment as to loading 
conditions of the circuit. A non-in- 
ductive circuit does not require as heavy 
a fuse as an induction motor load. It is 
presumed that the circuit feeds a set 
of induction motors, as is usually the 
case. The distribution panel from 
which the circuit receives current is, if 
designed by a competent engineer, 
“switched” and “fused” correctly for 
the purpose for which the circuit is in- 
tended. 

Whether the load fluctuates greatly, 
or is steady throughout the daily cycle 
of service, must be taken into consid- 
eration. Induction motors are fused 
from 110 per cent to 300 per cent of 
full-load current, depending on the type 
of starter and the percent of full-load 
current taken at starting, but under no 
consideration are they fused over 300 
per cent of their rating. Any motor 
circuit using 300 amp. and above on 440 
volts should be equipped with an auto- 
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matic circuit breaker, in addition. It 
is my understanding that fuses can be 
obtained for all standard ratings. 

A good many instances are known 
where the operators get by with any 
od arrangement that works half-way, 
Lut a first-class job and good construc- 
tion requires good engineering to be- 
zin with, and full protection is the re- 
sult, not to mention satisfaction to the 
operators. Manufacturers will supply 
you with a list of all fuses of standard 
rating, up to 2,200 volts, and will be 
glad to furnish you gratis a book or 
table covering the entire fuse installa- 
tion. 


Chief Engineer. P. S. PENDER. 
Metropolitan Eng. Co., 
Granite City, III. 
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In answer to the question asked by 
G. R. K. in the December issue, (1) it 
is customary to use 600-volt fuses on 
440-volt circuits, as the length of the 
600-volt fuse allows the arc, caused by 
the rupture of the fuse, to be extin- 
guished more readily. 

(2) If the choice lay between the use 
of a circuit breaker and the use of 
300-amp. fuses, it would be more advis- 
able, from an engineering standpoint, 
to use the circuit breaker. Although 
there are in use fuses of larger capacity 
than 300 amp., it is far more economi- 
cal, in the long run, to use circuit 
breakers. In my opinion the circuit 
breaker is more reliable. 

Goldfield, Nev. PHIL D. COMER. 
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Replying to G. R. K. in the Decem- 
ber issue, I would suggest that he use 
600-volt fuses and fuse cutouts on 440- 
volt circuits, because 250-volt fuses 
would be liable, when the fuse explodes, 
to arc across the terminals where the 
fuse links are connected. 

As to his second question, if first cost 
does not matter I would suggest that 
he install an oil circuit breaker with 
overload relays and current transform- 
ers, as service can then be more quickly 
restored when an interuption occurs. 
The wiring diagram for the connections 
can be obtained from the firm which 
supplies the equipment. 

If the circuit is to be metered at this 
point the power company may be will- 
ing to let G. R. K. use the same cur- 
rent transformers that they use for 
their meters. They would also prob- 
ably assist him in making the proper 
connections. If he does not want to 
use relays he can use an oil circuit 
breaker with 5-amp. trip coils. 
Galesburg, Ill. EARL BABER. 
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Trouble Caused by Plugging Elevator 
Motor— Will some reader of INDUSTRIAL 
ENGINEER please give me some help on 
the following problems? (1) We 
have a 10-hp., 550-volt, three-phase 
elevator motor which is controlled by 
a Cutler-Hammer reversing switch. 
We are experiencing a good deal of 
trouble from blowing of fuses due to 
reversing the motor before the ele- 
vator comes to a full stop. This ele- 
vator has no regular operator and is 
used for freight service only. Has 
anyone had similar trouble and what 
is the best method of overcoming it? 
(2) Is it possible to wind a mag- 
net that will lift from 10 to 25 Ib. and 
can be operated on a 110-volt. sixty- 
cycle circuit? If so. please give me 
the winding data for 110 volts and 
also 550 volts. 
Millbury, Mass. L. A. T. 
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In answer to L. A. T. in a recent 
issue, the reversing switch on this ele- 
vator is made by a good company, but 
it may be either an old type, or of such 
a type that its motion from low to high 
speed is not retarded enough, thus al- 
lowing a rush of current to blow fuses. 

I would suggest, as there is no regu- 
lar operator on the job, that an oil 
dashpot be attached to the starting 
rheostat arm, if possible; or procure a 
starting speed regulator which includes 
one. By this means the starting tiller 
may be pulled to its limit, but the rheo- 
stat arm will travel over the contact 
buttons only as fast as the oil dashpot 
will permit it to, and it can be regu- 
lated to work slow or fast. This simple 
device will prevent fuses from blowing, 
or a circuit breaker from opening. 

Also, see that the mechanical or elec- 
trical brake is tight enough to stop the 
motor, even when reversed quickly; 
sometimes there is oil on the brake 
band, allowing slippage. 

I have had exactly the same trouble 
with an Otis elevator, which already 
had a dashpot on the controller, but 
after making proper adjustments all 
around, it worked satisfactorily. 
Jamestown, N. Y. H. S. RIcR. 
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Referring to question (1) by L. A. T. 
in a recent issue, no mention is 
made of the rating of the fuses used 
on the equipment. We would suggest 
checking the size of fuses, as it may 
be possible that the fuses are not rated 
high enough. While it is very impor- 
tant not to overfuse the motor, it is 
well to provide fuses of ample capacity 
for the service requirements and still 
give proper protection to the motor. 
Thirty-ampere fuses could be used for 
a 10-hp., 550-volt, three-phase, 60-cycle, 
elevator motor. 

If the fuses are rated as above we 
would suggest checking the general 
operation of the equipment, including 
the brake settings, so as to be sure that 
all details are correct and functioning 
properly. Buttons on the shipper rope 
or some other means of centering the 
reverse switch may help matters con- 
siderably. 

As to question (2), it is possible to 
wind a magnet for 110 volts, 60 cycles, 
that will lift 10 lb. to 25 lb., but it is 
practically impossible to give any defi- 
nite winding data to obtain this result, 
as this depends largely upon the gen- 
eral design and efficiency of the mag- 
net. In the design of an a. c. magnet 
laminated iron should be used to reduce 
the eddv currents. The plunger can be 
designed to have an area of 1 sq. in. for 
every 8 lb. to 10 lb. pull, while the coil 
should be approximately 2% times the 
length of the stroke and the stop should 
extend in the coil about % of its length. 

There are a number of manufactur- 
ers listing a. c. magnets and it may 
prove a saving to L. A. T. to purchase 
one of these standard magnets. The 
Cutler-Hammer Mfg. Co. list a. c. 
magnets in their catalog under Bull. 
10345. The windings used on one of 
these standard magnets designed for 
30-Ib. pull at 2-in. stroke on- a 110-volt. 
60-cevcle circuit consists of 180 turns of 
No. 9 d. e. e. wire. The resistance is 
17/3 ohm, and the coil length 414 in. 
For 550 volts, 60 cycles. the coil con- 
sists of 900 turns of No. 16 d. c. c. wire. 
resistance 3.2 ohms. 

W. J. NEUSTEDTER. 
Engineering Department, 


The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Trouble with Switchboard Instruments— 
The diagram shows a section of our 
switchboard with which we are having 
considerable trouble. The watt-hour 
meter slows down and the recording 
voltmeter registers 180 velts when the 
voltmeter is put in circuit. However, 
the watt-hour meter runs normally 
when the recording voltmeter is cut 
out of circuit. I removed the volt- 
meter and found it tested O. K., as 
does the watt-hour meter. 

No. 2 ugni on the ground indicator 
burns at full brilliancy on account of 
a ground on the meter circuit, which 
can not be traced out because the plant 
operates 24 hrs. a day. No. 1 light 
does not burn. 

When a test light is put across the 
voltmeter terminals, with the volt- 
meter cut out of circuit, it burns dimly 
as does No. 1 light on the ground in- 
dicator. 

Can someone tell me what and where 
the trouble is? 

Iola, Kan. G. E. G. 
Bue 
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In reply to G. E. G. in the December 
issue, I would like to know whether he 
tested the voltmeter resistance when he 
tested the voltmeter. His sketch shows 
it as external to the instrument and I 
believe that he will find it the weakest 
point in that circuit. It is more than 
likely that his trouble is in the volt- 
meter circuit, either in the leads to the 
voltmeter or in the resistance. Very 
likely it is in the resistance as this is 
prone to breakdowns from many causes, 
such as vibration, foreign matter, etc. 

A ground in this circuit or resistance 
could also account for the No. 2 light 
burning, which would not necessarily 
affect the wattmeter except that it 
would record the consumption of more 
energy than was being used. This extra 
energy would be that which is lost 
through the ground circuit. 

No. 1 light would not burn in this 
event because the circuit is completed 
only through the voltmeter and when 
so completed the high resistance within 
and without the meter would not allow 
enough current to pass to light No. 1 
light, for as G. E. G. notes, when the 
meter is disconnected and a test light 
placed across its terminals No. 1 
ground light burns dimly, due to the 
fact that not only are the two lights in 
series, but the external voltmeter re- 
sistance and the ground of unknown 
resistance are also in series. 

The voltmeter reading of only 180 
volts is due to too high resistance in 
the circuit, but it is possible to figure 
the value of this resistance as follows: 
230 vmr = 180 — x, where 230 equals 
line voltage. vmr equals internal and 
external voltmeter resistance, and 180 
equals indicated voltage. This problem 
would be an interesting one to work 
out and the answer may make shutting 
down the plant a matter of economy. 

If I were G. E. G. I should certainly 
investigate this meter circuit, with par- 
ticular reference to the resistance. 
West Allis, Wis. EDWARD JAMES. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Charting Frequency of Making 
Inspections of Equipment 


T the recent annual meeting of the 

National Safety Council, C. B. 
Auel, Westinghouse Electric & Mfg. 
Company, East Pittsburgh, Pa., in his 
paper on, “Accident Records, and How 
to Keep Them,” emphasized the need of 
adequate accident statistics. In this 
work, he stated, there are four kinds of 
records which should be considered. 
These are: (a) Number of Accidents; 
(b) Accident Frequency; (c) Accident 
Severity; (d) Causes of Accidents. But 
little can be accomplished toward the 
reduction of accidents without knowing 
what is the cause of them and also how 
severe are the accidents which are 
caused by the various hazards. 

In addition to these four records, 
which he considered the absolute mini- 
mum which should be maintained in in- 
telligent accident prevention work, Mr. 
Auel pointed out that there was another 
set of records which should also be kept 
if accidents were to be reduced to the 
minimum. In this, he emphasized par- 
ticularly a calendar of things to be done 
regularly in accident prevention work, 
which consists of a list of safety meet- 
ing dates and dates of inspection of 
various items throughout the plant 
which must be kept up if accidents are 
to be avoided. Without having some 
regular specified time to make these in- 


Inspection Periods for Equipment 


Periop ITEMS 

6 mo. Hand trucks. 

6 mo. Ladders—portable and station- 
ary. 

6 mo. Window cleaners’ belts and 
window eyes. 

6 mo. Stretcher cabinets. 

Weekly First-aid cabinets. 

Daily Cranes, hooks and chairs. 

12 mo. Crane rales Physical 
Food handlers examination. 

6 mo. Hand tools including pneu- 
matic tools. 

Daily Elevators. 

12 mo. Hydraulic elevator trucks. 

6 mo. Electrical hazards. 

3 mo. Machine tool guards. 

3 mo, Safety meetings. 


SSeS 


spections they are frequently over- 
looked, or the period extended beyond 
what might be considered a safe time. 
Such a calendar would include specifi- 
cally the items shown in the accom- 
panying table. 


— q 


Making a Portable Window 
Cleaning Scaffold 


ARIO US types of window clean- 
ing and repairing scaffolds are in 
use, some of which are dangerous while 
others have a large margin of safety. 
The construction which is used in one 
large office building, as is shown in the 
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accompanying sketch, involves sound 
mechanical principles and is safe. The 
fixture is detachable and is put up with- 
out fasteners or bolts. It is handled 
entirely from the inside of the building 
and is lifted through the opening after 
raising the lower sash. After the win- 
dow washer has gone outside the bot- 
tom sash may be closed. 

The platform is fitted with a safety 
guard rail about 2 ft. high and is con- 
structed entirely of wood, with bolts 
holding the joints together. The verti- 
cal sections sustain the main load and 
as these are loaded as a column, the 
danger of breaking is decreased. 
Washington, D. C. G. A. LUERS. 


This portable window scaf- 
fold is safe and strong. 


This type of scaffold can be 
used to advantage where 
there is no sill to stand 
upon or no place to attach 
a safety belt. 
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Construction Details of Various 
Standard Railings 


N THE construction of a practical 

machine guard, strength and confor- 
mation with the regulations of the 
Compensation Insurance or State regu- 
lations, should be the primary consider- 
ations. State regulations vary some- 
what and so should be consulted for 
each particular location. These regula- 
tions govern the distance from the 
guard to the object guarded, the height 
of the guard and other similar factors. 
Strength is important, as a poorly built 
guard will soon rattle itself to pieces. 
In any case, a guard should at least be 
strong enough and rigid enough to 
stand the weight of a man resting heav- 
ily against it. It always pays to con- 
struct guards substantially because 
when this is done the guards will last 
as long as the machine. 

One common type of guard is what 
is known as the Standard Railing. The 
construction of two types of standard 
railings, as recommended by the Con- 
solidated Expanded Metal Company, 
Braddock, Pa., is shown in the accom- 
panying illustration. Most specifica- 
tions give a standard railing as 3 ft. 
6 in. high, built of 1%-in. by 1%-in. by 
-in. angles, with uprights spaced not 
more than 8 ft. apart. This may be 
filled with %-in., No. 13 gage mesh as 
at (B), or may be provided with addi- 
tional railings between the top rail and 
the floor as at (A). In such a case, a 
toeboard is necessary. This may be 
constructed of a strip of sheet metal or 
of %-in., No. 18 gage mesh standing up 
from the floor to at least a height of 
6 in. and run continuously around the 
edge of galleries, balconies and floor 
openings to prevent small objects from 
falling over the edge. These toeboards 
should be used around all floor open- 
ings, elevated runways and platforms, 
6 ft. or more from the floor level. 

There are, however, some exceptions. 
For example, they are not needed on 
small platforms for motors, fans and 
other similar equipment unless there is 
an 18-in. width of standing room. Also, 
they may be left off on oiling runways 
built only for oiling or repairing shaft- 
ing, belts and similar equipment if the 
runway is 18 in. or more in height and 
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The construction of two types of 
standard railings, such as are used 
around floor openings, elevated 
runways and platforms. 
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has a standard railing on one side. Toe- 
boards are not required on runways 
used only for giving access to monitor 
roof windows. Neither is a standard 
railing required on platforms used for 
loading freight on cars or trucks. 


Organization of Fire Prevention 
in Industrial Works 


XPERIENCE has shown that prac- 
tically all fires can be extin- 
guished within three or four minutes if 
found early enough and if proper equip- 
ment is brought into use by men who 
know how to use it. 
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The solutions are kept in separate 
compartments and mix to form a 
frothy solution which smothers the 
fire when thrown on it. 


Sound fire prevention principles are 
taught to the men in charge and they 
are held responsible for the observance 
of all fire prevention measures by their 
men. To encourage neatness, monthly 
plant inspections are made and a ban- 
ner presented to the most orderly de- 
partment. The most untidy department 
is awarded a broom with appropriate 
wording. This work was first organ- 
ized in 1917 and put under the control 
of the safety engineer. 

The first piece of equipment received 
was an “emergency wagon.” This car- 
ried four 2½-gal. Foamite extinguish- 
ers, sand pails, “Y” branches, two shut- 
off play pipes, 150 ft. of 1½ - in. factory 
hose, 50 ft. of standard hose, two 65-ft. 
lengths of -in. rope, crowbar, axe, two 
shovels, smoke respirators, gas, hy- 
drant, spanner and monkey wrenches, 
hose washers and other equipment. This 
wagon is the first to respond to all fires 
and is manned by four firemen espe- 
cially trained in chemical fire fighting. 
It carries sufficient equipment to put 
out most fires. 

Another piece of equipment is the 
“equipment wagon,” which carries 
boots, helmets, coats and other sup- 
plies. Thus some firemen are enabled to 
go from work directly to the fire in- 
stead of stopping at fire headquarters 
for their equipment. Other firefighting 
equipment consists of two 500-ft. hose 
reels, two 300-ft. hose reels, six fire 
houses and a Model “D” 40-gal. Foam- 
ite engine. In addition, all buildings on 
the company’s grounds are equipped 
with a sprinkler system and in addi- 
tion, Foamite, soda-acid, and carbon 
tetrachloride extinguishers. Especially 
hazardous locations are also covered by 
“fire depots,” which consist of a solid 
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wood back mounted on the wall with a 
shelf supporting two Foamite fire pails 
as shown in the accompanying illustra- 
tion. A framed set of fire rules is 
placed between the brackets just un- 
derneath the shelf and just below this 
two Foamite 24-gal. extinguishers are 
suspended with a carbon tetrachloride 
extinguisher between them. While 
these depots protect extra-hazardous 
locations, they are placed at a safe dis- 
tance from the risk so that they will 
not be involved should a fire occur. The 
construction of one of these fire pails, 
which shows how the two solutions are 
kept separate, is shown in an accom- 
panying illustration. 

The location of fire protective devices 
is carefully pointed out by a system of 
sheet-metal indicating signs. These 
have a white background with red let- 
tering reading, “Fire Extinguisher,” 
“Fire Depot.” The small end points di- 
rectly in line with the extinguishing 
device. 

The fire organization consists of a 
chief, assistant chief, battalion chief, 
five captains, 23 men, and a fire equip- 
ment inspector, who is the only man in 
uniform. He is responsible to the chief 
for refilling extinguishers, for care of 
fire houses, looks after the daily plant 
inspection, sees to the elimination of 
inflammable materials, maintains clear 
aisles, prevents smoking and looks af- 
ter the enforcement of all fire rules and 
protection in general. Weekly fire 
drills keep the members in constant 
practice. Each member of the fire de- 
partment is thoroughly trained in arti- 
ficial resuscitation and in conveying 
prostrate persons either up or down 
ladders. One night protection feature 
lies in the fact that all watchmen are 
instructed in fire prevention and pro- 
tection and carry a tetrachloride extin- 
guisher. K. P. BABCOCK. 


Flre Chief and Safety Engineer. 
Gilbert & Barker Mfg. Company. 
West Springfield, Mass. 


One of the Fire Depots used in 
hazardous locations. 


As an extra precaution several of these 
Fire Depots are placed near oi] contain- 
ers and other special hazards. These 
depots consist of a shelf with two fire 
pails containing Foamite solutions. two 
2144-gal. Foamite extinguishers and a 
carbon tetrachloride extinguisher. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 


tion, overhauling, testing or special installations. 


Around the Works 
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Safety Device for 
Stopping Crane at Point of 
mall Clearance 


CCASIONALLY operation of the 

bridge motion of a crane presents 
a hazard to workmen repairing equip- 
ment which has a small clearance be- 
neath the crane. The crane operator is 
usually intent on watching the load he 
is carrying, and mentally maneuvering 
the spotting of the load, and in conse- 
quence cannot be depended upon to ob- 
serve workmen who might be swept 
off or crushed against equipment pre- 
senting insufficient clearance. Also, the 
men, intent upon their own work, could 
hardly be expected to devote their time 
to watching for the crane. 

In one instance a small bucket ele- 
vator cleared the bridge girders of a 5- 
ton crane by about one foot. The drive 
mechanism was at the top of the ele- 
vator, and workmen frequently had to 
go up there to oil, inspect and repair 
the mechanism. To minimize the dan- 
ger as much as possible means were 
sought to prevent the crane operator 
from approaching the elevator without 
receiving some warning when men were 
working around it. 

The crane was equipped with an over- 
head trolley using a short pole for car- 
rying the harp and wheel. It was de- 
cided to put a trolley-type section insu- 
lator in one of the trolley wires on each 
side of the elevator. These insulators 
were placed far enough from the eleva- 
tor so that the crane after passing the 
section insulator, and thus having the 
power cut off, would almost coast to a 
stop before reaching the elevator. The 


The crane trolley wire adjacent to 
the elevator was sectionalized by 
two section insulators. 


The sectionalized portion was supplied 
with power through a safety switch, as 
shown. When men are working on the 
elevator the switch is opened; hence 
power for the crane is shut off as it 
approaches the elevator, thus prevent- 
ing injury to men on the elevator. 


feeling of the power being shut off 
instantly calls the crane operator’s at- 
tention to the danger zone and he would 
almost immediately apply the brakes 
and stop the crane. 

The section of trolley wire which was 
arranged to be made “dead” through 
the section insulators was supplied with 
power through a safety switch capable 
of being locked by individual padlocks 
which were carried by the mechanics 
and oilers. The manner of connecting 
in the safety switch is shown in the 
accompanying diagram. 

Any trolley-sectionalizing device may 
be used; in this instance, a Westing- 
house Type HM, Style No. 127358, in- 
sulator was used. Means were provided 
for fastening it to the lower chord of 
the roof truss above the crane, as shown 
in the diagram. The section insulators 
were placed in the positive trolley wire 
only, for the circuit was permanently 
grounded on the negative side as power 
was also furnished for traction service. 
The crane rail was not used for a 
ground return as the sparking on the 
rails was objectionable and created dis- 
turbances on the plant telephone sys- 
tem. J. ELMER HOUSLEx. 
Electrical Engineer, 


Aluminum Company of America, 
Alcoa, Minn. 


Trouble Caused by 
Failure of Test Lamps to Show 
Open Fuse 


N a paper mill which is driven by 

two-phase motors, one entire de- 
partment recently had an unusual ex- 
perience as the result of a blown fuse. 
Without warning or other indication of 
trouble, several motors suddenly stopped 
while others continued to run. It was 
found that the motors which had 
stopped could not be started. An elec- 
trician made a hurried test of all 
branch fuses, using lamps as indicators, 
and found that all branch fuses tested 
O. K. The lamp test was then applied 
to the main feeder fuses and these in 
turn tested O. K. However, the motors 
which were running still had a peculiar 
hum, indicating an open phase. 

The foreman accordingly pulled the 
main feeder fuses and opened them. 
He found one fuse blown, although the 
lamps had indicated voltage across all 
phases. The back-feed or regenerative 
action of the polyphase motors had 
caused sufficient voltage to exist across 
the open phase to light the lamps, al- 
though the fuse was open. After this 
experience, the foreman instructed the 
electrician to open any suspected fuses 
or to make sure that no polyphase mo- 
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tors were connected at the time the 
lamp test was made. Failure of the 
lamps to indicate the true condition of 
the fuses caused a delay of more than 
an hour in the department affected. 
Power Engineer, DEAN W. TAYLOR. 
Central Indiana Power Co., 

Indianapolis, Ind. 


— —— — 


Portable Compensator Unit for 
Emergency Use 


N most industrial plants operated by 

eleetrie motors, it is eustomary to 
keep several motors and a few spare 
compensators on hand for emergency 
use. By mounting a compensator on a 
skid platform, as shown in the illustra- 
tion, and bolting to it a couple of sup- 
ports for a safety switch, one can with 
little work assemble a portable unit 
which can be quickly moved by the aid 
of a lift truck to any department of 
the plant. 

The switch and compensator are con- 
nected up after being mounted. The 
leads connected to the top of the switch 
and to the motor terminals of the com- 
pensator are left long enough to reach 
any compensator switch when the port- 
able unit is located conveniently close 
to it. The ends of the six leads (for 
a three-phase outfit) have terminals 
soldered on so that in case of a break- 
down of the transformer or other part 
of a compensator requiring more than 
a few minutes to make repairs, the 
portable unit can be quickly connected 
up and put into service. 

The switch or line leads of the port- 
able unit are usually connected ahead 
of the switch blades of the disabled 
compensator switch, and the motor 
leads of the unit are connected to the 
conductors leading to the motor. Thus 
a motor can be put into operation again 
in a very few minutes without the 
trouble and consequent delay of taking 
down the disabled compensator and in- 
stalling a new one. 

As the disabled compensator is dis- 
connected from the motor circuit re- 
pairs can be made on the spot or the 
compensator can be removed to the re- 
pair shop, as the case may require. 

Of course, one unit of this kind will 
not handle all sizes of motors but usu- 
ally one compensator will operate mo- 
tors several sizes smaller than its own 
rating and one unit can thus be used 
with four or five sizes of motors. 

Wearing parts of compensators are 
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A broken-down compensator can be 
replaced by this portable compensa- 
tor-and-switch unit and service re- 
stored in a few minutes. 


kept on hand but occasionally an unex- 
pected breakage occurs and it is found 
that that particular part is not stocked. 
A portable compensator unit can then 
be used until new parts can be obtained, 
thus avoiding loss of production. 


Chief Electrician, J. F. MORGAN. 
Mercury Mills, Ltd., 
Hamilton, Can. 
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Platform for Mounting Electric 
Welding Equipment 
T the Chicago plant of the Bruns- 
wick-Kroeschell Company, three 
arc-welding sets are used. One of these 
sets is portable and is moved around 
the plant, as needed. The other two re- 
main in the welding department where 
the work is brought to them. Instead 


The electric welding equipment 
mounted on this platform is acces- 
sible for inspection and mainte- 
nance, and is kept away from the 
dirt on the floor. 
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of placing the equipment on the floor 
in the usual manner, the substantial ar- 
rangements, shown in the two accom- 
panying illustrations were used. 

A steel bench about 3 ft. high was 
constructed large enough to take all of 
the equipment for one welding set. The 
legs and supports of the bench were 
made from 14-inch by 2-in. angles, the 
cross members of %-in. steel bar and 
the top of the bench of - in. steel 
plate. 

The illustration at the left shows the 
location of the motor-generator set and 
the cabinet containing the switches for 
varying the resistance. The illustra- 
tion at the right shows the location of 
the push button for starting the set 
and also the cabinet containing the 
startihg apparatus, as well as the en- 
closure for the stabilizers, shown at 
the extreme right. Note the racks on 
which the electrode cables are wound 
when the equipment is not in use. 

The idea behind the whole installa- 
tion was to have all parts accessible 
and convenient for inspection and 
maintenance and at the same time to 
protect them as much as possible from 
the dirt that they would be subjected 
to if placed directly on the floor. 


— —____ 
Generator and Storage Battery 
for Arc Welding 


N A foundry where some of the 

200-lb., semi-steel castings come 
through with a few holes and slight 
cracks, it was thought advisable to try 
to arc weld them instead of throwing 
them back for scrap. As an experiment 
a No. 00 conductor was clamped to the 
casting and connected to the positive 
side of a 100-amp., 110-volt, direct-cur- 
rent switch on a storage battery charg- 
ing panel. The 3/16th-in. steel welding 
rod was attached to one end of the 
negative lead and the other end was 
connected to the positive post of the 
panel switch. 

This charging panel also carries a 
current-regulating, gridiron rheostat 
which was set for 60 amp. when the 
are was playing, with the line voltage 
at 110-volts. However, it was hard to 
maintain the proper arc at this current 
value so the rheostat was adjusted to 
70, 80 and even 90 amp., but still un- 
satisfactory results were obtained. 

The voltage of the generator was 
then lowered to 90 volts and the 
amperes again regulated to 60, 70 and 
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90 amp., but still the arc would not 
play steadily and caused a good deal of 
delay in welding. 

A twenty-cell battery of the Edison 
A-6 type was handy, having been on 
charge for some hours; so the welding 
leads were connected to this battery 
instead of to the generator line. The 
arc was much easier to maintain, but it 
was found that the voltage dropped be- 
fore many minutes. Then we tried 
using a 50-gal. barrel of water con- 
taining sal soda and sal ammoniac with 
two iron plates for electrodes and con- 
nected in the generator line on 110 
volts. This arrangement worked fairly 
well, but the are was still unruly. 

Finally, the leads were connected 
again to the storage battery which was 
floated on the generator line at 110 
volts, and with the rheostat set at only 
70 amp. the arc now holds remarkably 
steady. Once in a while the negative 
rod “freezes” to the casting and imme- 
diately gets red hot right up to the 
operator’s holding pliers. The meter 
meanwhile registers not over 90 amp. 

With this final arrangement, scores 
of large castings are being welded 
every week. The operator protects his 
face and eyes by ruby- and violet- 
colored glass, mounted in a light 
wooden frame held in one hand. This 
allows him to glance quickly at the 
flaw in the casting after it has been 
welded, as it is impossible to see some 
of the holes and cracks by looking 
through the shield. 

A canvas glove is used on the right 
hand as the steel welding rod and pliers 
get very hot at times. Spare rods are 
kept handy and can be quickly bolted 
to the lead. 

The conductors are attached to the 
battery terminals by large copper lugs 
which are slotted for quick handling. 
Copper lugs are also used at the other 
end, one at the clamp which is fastened 
to the casting and one at the welding 
rod. One end of the rod is bent in a 
small loop so that it can be bolted to 
the lug. 

The battery terminals are quite large 
and are located at the ends of the con- 
taining cases or trays so that it is easy 
to connect copper lugs to them. Leads 
12 ft. long are used so as to get at a 
safe distance from the battery, which 
gases fiercely when on overcharge. The 
gas given off is easily exploded by a 
stray spark, as we have learned by 
experience. 

Besides castings, many other things 
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such as tools and broken machine parts 
can be quickly welded, as it is easy to 
get the welding rod into any corner or 
any other out-of-the-way place. 

This outfit is not used steadily; so 
the battery can, without difficulty, be 
kept charged. The results obtained by 
welding have been so satisfactory that 
it is planned to install a standard port- 
able welding outfit in the near future. 
However, the arrangement described 
above has served its purpose well. 

New Britain, Conn. H. S. RIcH. 
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Safety Device 
For Killing Live Trolley Wire 
When It Breaks 


ANY cranes use collector or trol- 

ley wires for the power supply 
to the bridge and trolley motors in- 
stead of the bars or angles which are 
now more widely used. Trouble is 
sometime experienced with the trolley 
wire breaking and the live ends com- 
ing in contact with workmen or ma- 
terial, thus grounding the wires and 
possibly causing some damage or in- 
jury. The purpose of the device de- 
scribed in this article is to kill the 
power supply on a trolley wire as soon 
as it breaks. 

The device is located at the end of 
the trolley wire at which power is de- 
livered. A ball insulator and turn- 
buckle are fastened to the eyebolt (A) 
and to the trolley-wire support. The 
trolley wire is fastened to eyebolt (B) 
and tension is applied to the trolley 
wire so as to compress the spring to 
the position shown in the drawing. 
This brings the copper block (C) in 
contact with the flat-iron strips form- 
ing the sides of the device. The power 
supply is connected to the terminal 
screws (E). 

With tension on the trolley wire so 
that the spring is compressed, the cur- 
rent will flow from the line to the ter- 
minals through screws (E) through the 
flat-iron sides to copper block (C), 


This device is a good safety fea- 
ture for cranes using trolley wires. 


Power is applied at E and travels 
through the metal sides of the device 
to the copper block C, thence to eyebolt 
B, to which is fastened the trolley wire. 
If the trolley wire should break the 
tension on it would be released and the 
spring in the device would force the 
copper block C towards eyebolt A, and 
block C would be insulated from the 
metal sides by the fibre strips D. Hence 
both ends of the broken trolley wire 
would be dead. 
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through eyebolt (B) to trolley wire. 
If the trolley wire breaks the compres- 
sion spring will force the copper block 
(C) towards the eyebolt (A) and the 
copper block will be insulated from the 
flat-iron sides by the fibre strips (D). 
Hence the trolley wire is dead and 
there will be no danger of electric 
shocks from touching it. 

The device can be readily made from 
material at hand in any electrical re- 
pair shop. The accompanying drawing 
gives the details of the material to be 
used. In making up the device it is 
important that the separator, through 
which the eyebolt (B) passes and to 
which the flat-iron sides are bolted, be 
insulated by the two fibre blocks, as 
shown in the drawing. 

The separator which holds the eye- 
bolt (A) need not be insulated, but if 
it is, it does away with the need of a 
strain ball insulator, for the eyebolt 
(A) would then be insulated and could 
be attached directly to the support. In 
case the separator which holds the eye- 
bolt (A) is not insulated, it will be 
necessary to place a fibre block so as 
to prevent the copper block (C) from 
striking this eyebolt and its separator; 
otherwise contact would be made be- 
tween the block (C) and the line, after 
the trolley wire had broken. This fibre 
insulator may be fastened to the cop- 
per block (C) or to the separator which 
carries eyebolt (A). 


Detroit, Mich. O. E. BRICKER. 
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Advantageous Applications of 
Two-Speed Motors 


N MANY industrial plants there are 

motor applications that call for more 
than one motor speed. Where the duty 
of the motor is more or less continuous, 
the merits of the two-speed, squirrel- 
cage motor may well be considered in 
comparison with those of the variable- 
speed, slip-ring motor. A common ap- 
plication of this class of motors is in 
driving ventilating fans. Often it is 
felt that very sensitive control is re- 
quired for fan motors, but in many 
cases the chief requirement is the 
ability to operate efficiently under 
heavy or, day duty and light or night 
duty. In many such instances the light- 


‘duty speed does not have to be any 


particular value and does not need to 
be as great as for regular, heavy duty. 
Under these circumstances the two- 
speed, squirrel-cage motor excels the 
slip-ring motor. 

At half-speed the two-speed motor 
has practically the same efficiency as at 
full speed, while the slip-ring motor 
efficiency at half-speed is generally less 
than half the full-speed efficiency. It 
follows that where half-speed is suffi- 
cient for the duty required, the two- 
speed motor. will be more than twice 
as efficient as the slip-ring motor. 
Very often the period of light duty is 
longer than the period of heavy duty. 
In this case the superiority of the two- 
speed motor is of still greater impor- 
tance. In addition to its greater effi- 
ciency over its speed range, the two- 
speed motor will generally be cheaper 
to install and less expensive to main- 
tain than will the slip-ring motor. 
Power Engineer, DEAN W. TAYLOR. 


Central Indiana Power Co., 
Indianapolis. Ind. 
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Mechanical Maintenance of 


Power 


Determining 
Combined Efficiency of Elements 
of Hoisting Mechanisms 


HEN designing hoisting machin- 

ery for handling heavy weights 
at low speeds, it may be necessary to 
use several gear reductions and 12 or 
more parts of cable. If the slide rule is 
employed to calculate the efficiency of 
this mechanism there is considerable 
danger of error in multiplying the same 
number several times; therefore, in or- 
der to save time and reduce the num- 
ber of errors, the writer has made up 
and uses the accompanying table, which 
has been found very convenient. This 
table was calculated on the slide rule, 
as this gives results which are suffi- 
ciently accurate for the purpose. 

The following example will illustrate 
the method of using the table: What 
is the over-all efficiency of a headgate 
hoist with 4 reductions of gearing and 
12 parts of cable, assuming an efficiency 
of 0.94 for each gear reduction and 0.98 
for each pair of sheaves? From the 
table the fourth power of 0.94 equals 
0.78 and the sixth power of 0.98 equals 
0.885; therefore, 0.78 X 0.885 = 0.69, 
which is the combined efficiency of the 
mechanism. 


Montreal, Can. WII. L. LAING. 
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Method of Securing 
Co-operation of Operators When 


Making Speed Changes 


N these days, everything industrial 

is being speeded up. Machine op- 
erators sometimes kick about this and 
try to find weak spots in the results. 
But every department head who reads 
his engineering paper, who goes around 
a bit, who listens as he should to the 
salesmen who drop in—every such per- 
son knows that new machinery that will 
run faster should be put in, or the ex- 
isting machinery speeded up. The lat- 
ter is the easier and less expensive 
method, but it runs up against that ad- 


INDUSTRIAL ENGINEER 


Vol.83, No.2 


This department will furnish mechanical 
details of installation, operation and mainte- 


nance of equipment in the path of power 
service from the first mechanical driv- 


KA 
Drives ing element through transmitting 
equipment to all driven 


verse personal element more than does 
the former. How shall it be brought 
about in the most effective way? This 
problem is of importance to executives, 
industrial engineers, mechanics, mill- 
wrights, and foremen. 

One hustling machine shop has been 
through all of this. It has made money. 
The same machines are running twice 
as fast as they were ten years ago. The 
men seem to be used to the change and 
they are getting out a proportionate 
amount of work. There are 80 machine 
tools in this shop, kept in good condi- 
tion, and the shop is meeting competi- 
tion in a manufacturing line even 
though there is little capital available 
for new machines. The way it has been 
worked is applicable to other plants 
and ig worthy of detailed consideration. 

There were several metal planers in 
the shop. In the days when Joshua 
Rose's “Complete Practical Machinist” 
was the one book of the trade, a cutting 
speed of 15 ft. or 18 ft. per minute was 
considered proper for planing. This 
shop’s planers were belted to that stan- 
dard. The shop’s new executive had 
the lineshaft pulleys changed to bring 
these up to 20 and 22 f.p.m. The men 
got along all right, in fact, rather en- 
joyed the change, for there is a lot of 


Table for Combining the 


machines. 


tedious waiting in doing planer work. 

A year later, a change in motor pul- 
leys jacked this speed up another 
5 ft.a minute. With the changes which 
time works in the personnel of a shop 
new men were taught to run planers, 
and along with this the superintendent 
took occasion to still further increase 
the speed, until today the planers are 
running at 40 f.p.m. and all concerned 
take that speed for granted. Once, dur- 
ing the stepping-up process of later 
days, there was a concerted complaint 
of the machines running too fast to 
properly watch the tool, whereupon the 
men were taken to a motor truck fac- 
tory in the same city and given a peep 
at a planer running on aluminum crank 
cases at 75 f.p.m.; needless to say they 
came back satisfied. 

In drilling, much the same plan of 
gradually increasing the speed was fol- 
lowed out. It is always easier to get 
men to remember that, for instance, a 
-in. drill should be run on the third 
step of the pulley than to remember it 
is to cut at 80 ft. a minute. The ten- 
dency is to err on the slow side of this 
rather than on the fast, and by chang- 
ing the main shaft pulleys the actual 
speed for each step of the cones was 
increased just that much. Today, 1-in. 


Efficiency of Mechanisms 
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drills are being run as fast as %-in. 
drills were five years ago. 

On manufacturing work that uses 
drills smaller than ½ in. the change to 
high-speed drills was made long ago, 
but under the former management the 
machines had remained at the same 
belted speed and the benefits, some of 
them, from the superior steel, wére real- 
ized only if the speed change on the 
machine itself was shifted to its fast- 
est speed. Usually it was not. The 
new regime put on pulleys that were 
too fast for high-speed steel, with the 
result that on the lower speeds, where 
the boys were likely to run them, the 
speed was just about correct. Not long 


ago a battery of six milling machines’ 


came in for attention. Whereas a de- 
cade ago they were running at a spindle 
speed of 100 r.p.m., they are now doing 
from 220 to 280. In speeding up these 
milling machines, all the work was done 
out of hours—usually over the week end 
—and so the operators knew nothing of 
it. These were single-speed, single-pur- 
pose machines and the work was of such 
a nature that a straight count of the 
number of pieces done per day did not 
tell the men anything about their out- 
put; the men were day workers, and 
quality was stressed more than any- 
thing else. 

In this way, greater output was se- 
cured without friction in the shop. Had 
the men seen the changes in pulleys 
and belts, they would have inwardly re- 
belled. As it was, one machine at a 
time was changed over and no one was 
the wiser. The results secured went 
a long way toward meeting the in- 
creased costs of doing business, includ- 
ing higher costs for materials and 
wages, and the like. 

This same shop made its own tools 
and jigs and one of the machine tools 
employed on this work was a 16-in. 
shaper. All the men who had used this 
machine “found” that a one-tooth feed 
was the highest permissible for good 
work. There were five feed changes 
on the machine, made by shifting an ec- 
centric and dropping a spring pin in 
any one of five holes. One night the 
foreman plugged the first hole and now 
they get along just as well and do as 
perfect work.with a two-tooth feed as 
before with the one. 

What has been done in this machine 
shop can be done in others and can be 
done in other lines, whether it is the 
cement business or textiles or printing. 
The main thing is to read the trade pa- 
pers and the best books and learn from 
them what advances others are making 
—then try them for yourself, in your 
own way on your own particular ma- 
chinery. Old machinerv can be speeded 
up remarkably high. The writer is not 
one of those who believes that “they 
don’t make as good eauipments now as 
they used to.” but he believes that 
where vou can’t get new machinery you 
certainly can get more out of the old. 

The co-operation of the men running 
machines is necessarv in anv plan of 
greater production. Oftentimes. a good 
deal of coaxing and exnlanation and 
driving is necessary. Where the work 
ig not physically hard. men on a day 
wage are seldom putting forth their 
highest efforts and so a certain amount 
of speeding uv can be done honestly 
without going into a discussion. An in- 
stance of this fact was noted recently 
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in a wood-working plant. Thirteen men 
had been kept busy making window 
blinds and they were always behind the 
rest of the mill work. A change to piece 
work was made and now one man and a 
boy take care of all requirements nicely. 
As has already been said, the best 
time to change speeds is over night or 
during week ends. Do all the work, 
including placing the belts on the pul- 
leys and picking up odds and ends; bet- 
ter still, start up the power and run a 
trial piece or two. If the plant is shut 
down for a week, that is a good time to 
re-speed machines or departments, the 
latter being done by installing larger 
motor pulleys. DonaLp A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


Taking Advantage of 
Belt Slip ie Safety Link in 
Machine Drives 


OMETIMES industrial men com- 
plain because belts slip. However, 
if belts are of the correct tension and 
capacity for the load and overload con- 
ditions, slip is not a serious factor. Un- 
der some service conditions the ability 
of the belt to slip under special condi- 
tions, is a distinct advantage. For ex- 
ample, in the slotter drive shown in an 
accompanying illustration, the belt slips 
and finally runs off the cone pulleys 
when the slotter sticks because of an 
extra heavy feed or other cause. 
Originally, the motor was connected 
to this slotter by chain. A few days 
later, the operator accidentally brought 
the ram down on the piece and some- 
thing had to break. The countershaft 
and cone pulleys were then added and 
give adjustable speed in addition to a 
safety link against a similar mishap. 
When machines, such as this which 
operate under conditions where they 
may be stopped suddenly or be heavily 
overloaded, are to be driven by chains it 


The belt driving this slotter serves 
as a safety link in that it will slip 
and run off the pulley in case of 
stoppage or an overload. 
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is almost necessary to insert a safety 
pin in the sprocket which will break 
when the load is applied but before 
endangering the sprocket or chain. 
Chicago, IN. E. D. F. 


Operating Heavy-Duty Lineshafts 
On Ball Bearings 


REQUENTLY service conditions 

on lineshaft hanger bearings are 
so severe that considerable difficulty is 
experienced with ordinary bearings. 
Such a case occurred in the main line- 
shaft drive at the plant of C. V. Hill & 
Co., Inc., Trenton, N. J., manufacturers 
of refrigerators and store fixtures. As 
this is a woodworking plant the ma- 
chinery and lineshaft are operated at a 
speed which is higher than the average 
for most industries. The 374.¢-in. shaft 
is driven at 330 r.p.m. by a 24-in. 
double belt from a 150-hp. engine. 

The most severe conditions here are 
due to the fact that the shaft is 
mounted on a brick wall on bracket 
hangers and adjustable, self-aligning 
hanger boxes. The wall does not have 
any strengthening supports and bulges 
during operation due to the high ten- 
sion maintained on the belt. This 
throws the shaft entirely out of align- 
ment. 

After considerable trouble with other 
bearings, Fafnir double-ball, self-align- 
ing transmission bearings and hangers 
were installed. Where previously the 
oiling had required careful and fre- 
quent attention the new bearings re- 
ceived only two oilings in 18 mo. 
Narberth, Pa. STANLEY D. BERG. 
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Static Electricity Cause of 
Shocks to Oilers 


ECENTLY I was called upon to 

trace the cause of shocks which 
the oilers received when they worked 
around an automatic bottle machine. I 
tested from the machine to ground for 
defects, thinking that perhaps one of 
the seven motors on the oiling system 
on the machine was defective. This 
investigation failed to disclose any de- 
fects; so I decided to watch one of the 
men while he was oiling different parts 
of the machine. I found that he reached 
through a blast of steam coming out of 
a 4 in. nozzle at 60 lb. pressure, which 
is used for cooling certain parts of the 
machine. I found that it was while 
reaching through the blast of steam 
that he received a shock. 

To test out my theory that static 
electricity was the cause of the shock, 
I attached a wire to an oil can and tied 
the latter to a dry stick. The end of 
the wire was held a short distance from 
part of the metal work of the machine, 
to form a spark gap to ground. When 
I held the oil can in the steam blast 
there was a continuous rain of sparks, 
caused by the static electricity gener- 
ated by the steam blast on the oil can. 

After the oilers were instructed to 
turn off the steam while oiling the ma- 
chine, no further trouble was experi- 
enced. L. E. BENEZE. 


Chief Electrician, 
Illinois Glass Company, 
Alton, IN. 
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Inexpensive Outfit for Locating 
Defects in Armatures 


OR testing armatures we use in 

our shop an outfit that is quite ef- 
ficient and very cheap to make. It 
consists of two dry cells, an ordinary 
buzzer and a telephone receiver. For 
the sake of protection and convenience 
in handling, the batteries and buzzer 
are enclosed in a box. Two leads each 
about 3 ft. long are brought out from 
the box and as will be seen from the 
illustration a single-pole switch is cut 
into one of the leads so that the circuit 
may be broken as desired, or when the 
outfit is not in use. The insulation is 
skinned off for about an inch at the ends 
of the leads, which are fastened to a 
piece of strong cord. 

In use, the cord is tied around the 
commutator to be tested and the points 
separated about 10 or 20 bars, depend- 
ing on the resistance of the coils and 
the number of bars in the commutator. 
The leads of the telephone receiver are 
then placed on adjoining bars between 
the points and the character and intens- 
ity of the buzzing sound is noted in the 
receiver. Each pair of bars between the 
buzzer points is then tested in succes- 
sion. 

If all the bars sound alike, the arma- 
ture can safely be relied upon to run. 


Commutatar’ 


Method of using a buzzer and a 
telephone receiver for testing ar- 
matures. 


In the Repair Shop 


This section is devoted to repair work, large and small. 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 
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If a low sound, or no sound at all, is 
obtained, a short-circuit is indicated. 
A sound which is louder than usual in- 
dicates an open circuit between the two 
bars. A crossed or transposed lead 
will sound like a shorted coil: that is, 
it will give either a low buzz or no buzz 
at all. A grounded coil can be located 
by putting one of the receiver leads on 
the shaft and then moving the other 
from bar to bar and noting where the 
sound is lowest. The bar that has the 
lowest sound is usually connected to the 
grounded coil. 

A shorted or grounded coil in a sta- 
tor can be located with a buzzer by 
touching the ends of the buzzer leads to 
the leads on the stator and then test- 
ing the individual coils in the same 
manner as the bars on the commutator. 

We find this method of testing to be 
about as accurate as the use of a milli- 
voltmeter or other testing instruments; 
at the same time, it is generally easier 
and quicker than most other methods. 
This outfit has the further advantage 
that it is light and easy to carry and, 
therefore, convenient for outside jobs. 
Peoria, III. GEORGE E. RINGNESS. 


— ee 
Emergency 
Method of Thinning Commutator 
Slotting Cutters 


OMMUTATOR slotting cutters 

used in a certain repair shop were 
of two different thicknesses 0.025-in. 
and 0.040-in. respectively. The supply 
of 0.025-in. cutters became unexpectedly 
exhausted and the prospects indicated 
serious delay in production before any 
more could be obtained. A few of the 
0.040-in. cutters were thinned by hold- 
ing them against the side of an emery 
wheel with a pair of pliers, but the re- 
sults were very unsatisfactory because 
the teeth varied in thickness in differ- 
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ent places around the circumference of 
the cutters. Eventually another emer- 
gency grinding method was adopted. 

A piece of hardwood rod, such as is 
used for making dowel pins in the pat- 
tern shop, was obtained. The cutter 
was slipped over the end of the rod and 
the latter pressed against the side of an 
emery wheel with the left hand; by 
means of a wooden stick in the right 
hand, the cutter was also pressed 
against the wheel. By trial a point of 
application of the stick to the cutter 
was found where the cutter could be 
made to revolve slowly and thereby con- 
tinuously present a new surface to the 
emery wheel. At first, unconscious re- 


laxation of hand pressure on the 


wooden rod frequently would permit 
the cutter to fly off the rod into the 
catch pan under the wheel, but a little 
practice overcame this. 

It took about three minutes to reduce 
an 0.040-in. cutter to a fairly uniform 
thickness of 0.025-in. and in thinning 
12 cutters it was necessary to use about 
9 in. of the wooden dowel rod. 

Brooklyn, N. Y. J. A. Horron. 
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Corrugated Iron Used to Keep 
Tools in Order 


IMPLE and convenient means of 

keeping small tools arranged in an 
orderly manner and easy of access will 
usually save their cost many times over. 
Small strips of corrugated galvanized 
iron can be used for this purpose in sev- 
eral different ways, at little or no cost. 
For example, a strip of any convenient 
length may be nailed or screwed to the 
wall above the bench and a variety of 
small tools slipped into the pockets 
formed by the corrugations. With this 
arrangement, it is a simple matter to 
keep the bench from being littered with 


A strip of corru- 
gated iron fast- 
ened to the back 
of the tool kit, or 
one or more sec- 
tions placed in 
the drawer 
keep the tools 
from rolling. 
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tools, and yet these are always within 
sight and easy reach. If a narrow strip 
of wood is nailed close to and under- 
neath the corrugated iron, drills and 
the like may be kept in the pockets. 

Again, a very handy tool kit may be 
made from heavy canvas with a strip 
of corrugated iron fastened inside at 
the back, as is shown in (A) of the il- 
lustration. In this case also, screw- 
drivers, chucks, drills and so on may be 
placed in the corrugations and thus 
kept separate but easily located. In use 
the kit is tipped slightly and the tools 
slide forward, making the selection of 
the desired tools easy. 

A third use of corrugated iron is in 


the bottom of tool drawers, as shown in 


(B). Two sections placed in the bottom 
of the drawer are most convenient. A 
piece for long tools, placed lengthwise 
of the drawer at the rear, and a cross- 
piece in the forward section for small 
tools, will be found very convenient in 
keeping the tools in orderly arrange- 
ment, as they will be prevented from 
rolling from one end of the drawer to 
the other or from side to side when the 
drawer is opened or closed. 

Washington, D. C. G. A. LUERs. 
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Essential Construction Details of 
A. C. Magnets 


ONSTRUCTING a good a. c. mag- 

net is a problem that seems to 
puzzle many mechanies and engineers. 
A good deal has been written about 
magnets, but it is rather strange that 
books often give page after page of 
details about pull, number of turns, 
size of wire and the like, without men- 
tioning the far more important mechan- 
ical requirements for making a good 
a. e. magnet. 

In constructing such a magnet, the 
first and by far the most important 
thing is to get the mechanical parts 
right and the rest can be worked out 
with a little experimenting, if the right 
size of wire or the right number of 
turns cannot be figured correctly the 
first time. If the magnetic circuit or 
mechanical construction is wreng the 
magnet will remain wrong no matter 
how many coils are tried on it to make 
it quiet or operate satisfactorily. 

The horseshoe-type magnet is by far 
the most common. In this type of mag- 
net the armature is generally hinged so 
that the effective pull is nearly all on 
one leg of the magnet. A typical mag- 
net of this kind is shown in (A) of the 
illustration. The core of the magnet 
2s well as the armature is made up of 
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sheet-iron punchings or laminations to 
keep down the eddy current or core loss. 
As the current reverses in all a. c. mag- 
nets the magnetism must also reverse 
and if there were no other means for 
holding the magnet closed during the 
reversal the magnet would start to 
open up and then close again as the 
magnetism built up again in the op- 
posite direction. As this reversal of 
magnetism takes place 120 times a sec- 
ond on a 60-cycle circuit, the periods 
when there is no pull are so short that 
the magnet could not really open much, 
but a very disturbing noise will be pro- 
duced. To overcome this noise or hum- 
ming the surface of the active pole (the 
pole farthest away from the hinge) is 
given as perfect a fit as is possible with 
the armature, generally by grinding but 
quite often by scraping after the grind- 
ing. Where the magnetism crosses this 
joint some form of a shading ring 
which can be in the form of rivets, a 
copper, brass or iron ring or a wound 
coil, depending upon the size of the 
magnet, is placed as near the surface 
as possible in either the armature of 
leg of the magnet so as to cover at 
least half of the pole area. The func- 
tion of this coil or ring is to make the 
magnetism that passes through the 
coils lag behind the magnetism that 
goes past the coil in such a way that 
when the magnetism that passes the 
coil reverses that passing through the 
coil is still continuing due to the cur- 
rent induced in the coil. As this mag- 
netism dies down within the section of 
the pole covered by the shading coil 
it also changes from passing around 
the entire magnet to forming a local 
circuit or small whirlpool as shown in 
the illustration and holds the armature 
down long enough for the magnetism 
in the rest of the circuit to build up in 
the opposite direction until it is strong 
enough to hold the armature down. 
There is, therefore, a constant magnetic 
pull greater than that required to keep 
the magnet closed. 

If the electric circuit is broken just 
before the current reverses, there will 
be enough residual magnetism left to 
make such a magnet stick badly, even 
though it is built of soft iron or steel 
punchings, if the proper air gap is not 
provided somewhere in the magnetic 
circuit. This air gap is nearly always 
placed between the armature and the 
leg of the magnet nearest the hinge. 
This gap need not be over 0.005 in. to 


Details of horseshoe type, A, and 
plunger type, B, a. c. magnets. 


Laminated iron 


A 


Airgap 7 
Laminated plunger ° 


“Laminated 
iron 
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kill practically all the residual magnet- 
ism but it is generally two or three 
times that amount to insure against 
wear. It is very important that this 
air gap be not bridged by any iron 
hinge or other iron mounting. There- 
fore, the hinge should be made of non- 
magnetic material such as brass. It 
might be mentioned here that the short 
magnetic lines set up around the shad- 
ing coil during the reversal of current 
have no noticeable sticking effect. 
Where rivets are used to hold the 
punchings together, as is generally 
done, they must be so placed that none 
of them form a closed circuit with any 
of the rest through which current can 
be induced. That is, all the magnetic 
lines of force that pass on the inside 
of one rivet must also pass on the in- 
side of all the rest, unless the rivets 
are insulated, which is seldom neces- 
sary. For that reason, rivets in both 
armature and horseshoe parts are all 
placed along the center line as indi- 
cated in the figure. However, they 
should all be placed at the outer edge 
or all near the inner edge, but never 
staggered nor in a double row, or some 
of them would have to be insulated. 

The hinge of such magnets should 
be well fitted and rugged. In many 
cases the laminations of both parts are 
riveted to a heavy center piece of brass 
that also forms the hinge while in 
cheaper magnets it is a heavy sheet 
steel punching with a brass bushing. 
Side plates are not quite as desirable 
from the electrical standpoint as the 
center mounting but may be a little 
easier to construct. 

Unlike d. c. magnets, resistance tubes 
should not be used in any a. c. magnet 
that requires energy to close because 
when the magnet is open the imped- 
ance is low and any resistance that 
would materially reduce the voltage on 
the magnet when it is closed would 
practically absorb all the voltage that 
the magnet would get when it was 
open and, therefore, there would be no 
pull on the armature. The closing 
power, especially in the plunger type 
of magnet, is entirely different in an 
a. c. magnet from what it is in a d. e. 
magnet. With an a. e. magnet it is 
much greater when the magnet is onen 
than in the case of a d. c. magnet. while 
it is less when the magnet is closed. 
This is due to the much heavier wire 
used in the a. c. magnet, which allows 
it to take a very heavy current while 
open, the current decreasing rapidly as 
the magnet closes, due to the higher 
impedance. The current in a d. e. mag- 
net coil, on the other hand. depends en- 
tirely on the resistance and is the same 
when the magnet is open as when it is 
closed, while the magnetism increases 
from a very weak field when the mag- 
net is open to a very strong field when 
the magnet is closed. The pulling 
power is, therefore, low until the mag- 
net is very nearly closed. 

In (B) of the illustration is shown a 
tvpical a. c. plunger magnet, the shad- 
ing coil being in the top of the plunger, 
which is grounded, as is the inside up- 
per part of the magnet frame. An air 
gap is provided where the plunger is 
guided on the edges of brass plates as 
it passes through the lower part of the 
magnet. PHILIP G. BERNHOTZ. 
Fast Orange, N. J. 
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Electrical Devices 


in Power Service 


(Continued from page 83) 
made. The object in making a new 
design was to obtain a lighter and 
more easily handled piece of ap- 
paratus. The advantages of the new 
outfit over the old one are that it is 
considerably lighter, and more con- 
venient to handle. 

Meters and Relays.—Rectangular- 
shaped, switchboard meters have 
been placed on the market by the 
Weston Electrical Instrument Com- 
pany of Newark, N. J. This com- 
pany informs us that this type of 
meter as compared to the old round- 
pattern type results in a space sav- 
ing in the ratio of five to nine. 

The Roller-Smith Company of 
New York, N. Y., informs us that it 
has brought out three new lines of 
switchboard meters, some intended 
for use on direct current and others 
for alternating current. This com- 
pany has also developed a new port- 
able, alternating-current, ammeter 
and voltmeter, which it has added to 
its extensive line of meters. 

Clock improvements on its line of 
graphic meters are reported by the 
Esterline-Angus Company of Indi- 
anapolis, Ind. Some of the interme- 
diate gears in the driving mechan- 
ism have been eliminated thereby 
reducing lost motion and friction. 
The company further states that in 
order to make the works of the clock 
more accessible for inspection and 
cleaning, the metal cover which fits 
between the side plates is now made 
removable, so that by sliding this 
plate out, the entire train is exposed 
and accessible for any oiling or main- 
tenance that might be required. 

A type NT amperehour meter has 
recently been placed on the market 
by the Sangamo Electric Company 
of Springfield, III., which is designed 
for use on electric automobiles, 
trucks, mine locomotives, industrial 
tractors, and the like, where severe 
conditions of operation are likely to 
be encountered. Installed on the 
vehicle, truck or locomotive, the me- 
ter indicates by means of a black 
hand the amount of battery dis- 
charge that has taken place. By 
comparing the position of this hand 
with a red hand located at the point 
where the battery should be re- 
charged, the operator can tell what 
remaining capacity is available be- 
fore the battery should be put on 
charge. This guards the vehicle 
from being stalled when at a distance 
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from a battery recharging station. 

When the vehicle is placed on 
charge the Sangamo amperehour 
meter automatically gives the bat- 
tery the proper overcharge and opens 
the charging circuit at the proper 
time, thus eliminating the need for 
attendance. 

A maximum demand regulator for 
reducing peaks and power demands 
on electric systems has been devel- 
oped and placed on the market by 
Edward T. Moore, electrical engi- 
neer, Syracuse, N. Y. The regulator 
is designed to limit the amount of 
power taken by any energy-consum- 
ing device and is especially intended 
for use with large loads such as 
electric steel-melting furnaces, an- 
nealing and heat-treating furnaces 
and pulp-wood grinders, as well as 
motors and other equipment. It is 
said that the regulator may be set to 
limit any power load to a predeter- 
mined amount, may be used for any 
length of demand period and may be 
changed as desired. A graphic me- 
ter or integrating meter may also be 
used in connection with the regu- 
lator. 

Miscellaneous.—In congested in- 
stallations it is often difficult to in- 
stall the usual type of disconnects 
equipped with mounting base. To 
meet this condition a bus type of 
switch designed to clamp directly to 
the bus bar, has been developed by 
the Delta-Star Electric Company, 
Chicago, Il, Blades can be set in 


Well lighted yards not only in- 
crease the amount of work done 
but are also safer for workmen. 


At B is shown a floodlight projector 
made by the General Electric Company. 
At C is one made by the Crouse-Hinds 
Company of Syracuse, N. Y. Both have 
been especially developed for the dirty. 
dusty service of steel mill and railroad 
yards. At A is shown a signal light 
made by the Nichols-Lintern Company 
of Cleveland, Ohio. It is made of 
aluminum and said to be able to stand 
severe outdoor and indoor service. 
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line with, at right angles to the bus, 
or in any intermediate position that 
may be needed to fit the installation 
requirements. 

Bus spacers are desirable when 
buses are so installed that short cir- 
cuits will subject the bus bar to a 
cantilever pull. The tensile and com- 
pression strength of bus supports are 
greater than the cantilever strength 
but by installing bus spacers the can- 
tilever pull on the supports will be 
practically neutralized. A new type 
of bus spacer has been designed by 
the Delta-Star Electric Company, 
Chicago, III. 

A new bus support has been de- 
signed by this company for support- 
ing bars of high ampere-capacity. It 
is said to have an ultimate strength 
of 60,000 Ib. against short circuits 
between phases. With this support 
the phase conductors are separated 
into two parallel sets of bars, reduc- 
ing induction and heat and increas- 
ing the ampere-carrying capacity per 
square inch over that secured with 
the conventional 14-in. spacing be- 
tween bars. 

An inclosed primary disconnecting 
switch for use in vaults ahead of 
the oil circuit breakers on circuits of 
4,400 volts and under in capacities 
from 100 amp. to 400 amp. has been 
placed on the market by the Line 
Material Company, Milwaukee, Wis. 
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Industrial Heating 


The continued growth in the use 
of electric energy for industrial 
heating purposes was evidenced by 
an average increase of about 15 per 
cent in the amount of equipment of 
all classes produced, is the report re- 
ceived from the General Electric 
Company. 

This company further states that 
the volume of miscellaneous forms of 
heating units for application to 
process machinery was about the 
same as for 1923, while equipment 
for industrial ovens for baking 
japan, foundry cores, and the like 
was somewhat less. 

The most marked increase was 
in connection with electric furnaces 
for heat treating and vitreous enam- 
eling; the production of this type of 
furnace showing an increase of ap- 
proximately 70 per cent over previ- 
ous demand. 

The American Metallurgical Corp., 
Boston, Mass., has put out a 20-kw., 
220-volt, single-phase, electric pot 
furnace for use in cyanide, lead, or 
salt hardening and white metal melt- 
ing. The maker states that the effi- 
ciency and the absolute temperature 
control of this furnace have made it 
possible for the manufacturers of 
small tools and parts to produce a 
quality which is impossible in a fuel- 
fired unit. The manufacturer further 
reports that the heat-resisting 
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Industrial reflectors that have been 
developed to cope with the dirt and 
smoke found in many industrial 
plants. 


At A and B are shown views “before 
and after installation” of the High 
Mounting Height Units made by the 
Holophane Glass Company, Inc., of New 
York, N. Y. It is pointed out that 
these units are particularly adapted 
for use when the lighting units must 
be installed at a considerable height, as 
over a crane runway. C is a new dust- 
proof reflector made by the General 
Electric Company. The globe is made 
of one piece of glass, the sides of which 
are silver plated and covered with a 
coating of copper. D is a dustproof 
cover shown attached to a standard 
R. L. M. reflector unit. Both are made 
by the Benjamin Electric Manufactur- 
ing Company of Chicago, Ill. E is a 
dustproof lighting unit developed by 
the Ivanhoe Division of the Miller Com- 
pany, Cleveland, Ohio. e maker 
points out that cleaning this unit is 
simply a matter of wiping off the glass 
plate on the bottom of the unit. F is 
another dust-tight unit developed by 
the same company for use where the 
reflectors are inverted or at the side 
of the structure to be lighted. 


containers will last indefinitely, as 
the electric heat never reaches a 
point where overheating is possible 
owing to a protecting gold fuse which 
is inserted between the heating ele- 
ments and which protects the ele- 
ments if anything should go wrong 
with the automatic control instru- 
ments. 

The manufacturer of Globar, a 
non-metallic type of resistor used for 
electrical heating, has changed its 
name from the Wireless Resistor 
Company to American Resistor Com- 
pany. This company, which is lo- 
cated in Milwaukee, Wis., reports 
that it has improved the process of 
manufacture so that greater uni- 
formity of the resistor element has 
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resulted. The maker also states that 
improved types of terminals and 
supports have been developed for use 
with this heating element. 


Industrial Lighting 
Equipment 


Reflectors and Projectors.—One of 
the main developments in industrial 
lighting equipment is the construc- 
tion of dust-tight units that protect 
the reflecting surface from discolor- 
ation, dirt and corrosion caused by 
the dusty and smoky atmosphere 
found in many industrial locations. 

Among the recently developed 
lighting units is the dust-tight 
equipment made by the Ivanhoe Di- 
vision of the Miller Company of 
Cleveland, Ohio. The manufacturer 
reports that by protecting the inner 
surface of the reflector with a glass 
plate sealed with copper gaskets, 
not only is the efficiency of the re- 
flecting surface retained, but protec- 
tion for the lamp and electrical con- 
nections is also provided. Cleaning 
then becomes a simple matter of 
wiping off the glass plate. This unit 
is shown in one of the accompanying 
illustrations. This company has also 
developed dust-tight floodlighting 
units and protective covers for re- 
flectors inverted below or at the side 
of the structure to be lighted. These 
protective covers, which are shown 
in an accompanying illustration, are 
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designed to keep rain, snow, or dirt 
away from the lamp and inside of 
the reflector. 

The General Electric Company has 
developed a new dustproof unit for 
industrial plants. It consists of a 
cast-iron top with a felt globe seat. 
The globe is all one piece of glass, 
the sides of which are silver plated 
and covered with a coating of cop- 
per. The bottom is clear rippled 
glass. The manufacturer states that 
this unit is very efficient and at the 
same time it is not hard on the eyes 
because of the rippled glass on the 
lower part. This unit is shown in an 
accompanying illustration. This com- 
pany has also developed a weather- 
proof projector, which utilizes stand- 
ard 110- or 220-volt, 300- to 1,000- 
watt lamps. 

The Benjamin Electric Manufac- 
turing Company of Chicago, IIl., has 
developed a dust-tight glass cover for 
use on its 14-in. R. L. M. reflector 
unit. 

A new floodlight projector having 
a heat-resisting semaphore lens in 
the front door and a heat-resisting 
prismatic glass reflector on the in- 
side of the rear door has been placed 
on the market by the Crouse-Hinds 
Company, of Syracuse, N. Y. The 
maker states that this projector is 
not affected by lamp heat, gases, 
rain or snow and is intended particu- 
larly for use around steel plants and 
railroads. . 

The Holophane Glass Company, 
Inc., of New York, N. Y., has devel- 
oped a High Mounting Height Unit 
which it states has an effective can- 
dlepower downward of approximately 
double that of either the deep bowl 
or shallow bowl type of steel reflect- 
ors. The maker reports that this 
unit is especially adaptable for the 
illumination of buildings where the 
lighting units must be hung at con- 
siderable heights as above the crane- 
ways as shown in a “before and 
after” illustration accompanying 
this section. 

Tindall & White, Inc., New York, 
N. Y., report that their Perfection 
shade has been approved and en- 
dorsed by the New York State In- 
dustrial Commission as meeting the 
code requirements in all respects and 
giving no glare even when used with 
clear lamps. 

Several new types of signal lan- 
terns have been developed by the 
Nichols-Lintern Co. of Cleveland, 
Ohio. These lights are intended for 
use as warning, danger, or signal 
lights around industrial plant yards 
and buildings. A feature of the 
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Retrieving reels are said to in- 
crease the life of magnet cables. 


This illustration shows a Mogul type 
Reelite made by the Appleton Electric 
Company, Chicago, III., installed on a 
monorail crane in a junk yard. This 
Reelite automatically pays out and re- 
trieves 45 ft. of No. 8 four-conductor 
cable as the magnet is hoisted and 
lowered. 


lights is that they have cast-alumi- 
num frames which the manufacturer 
states will defy rust and acid at- 
mospheres and will not crumple un- 
der rough handling; further the 
lamp bulb is so completely enclosed 
that it is entirely dustproof and 
moisture-proof. These lanterns, as 
shown in the accompanying illustra- 


tion, are made with cylindrical 
Fresnal lens or with 1-way or 
5-way Corning optical lenses in 


four different colors as desired. This 
company has also developed a combi- 
nation signal lantern and reflector 
unit using one lamp or two in such 
a manner that the upper part of the 
unit is a warning signal while the 
lower part throws a strong beam of 
light down on the dangerous area. 

Lamps.—Probably one of the big- 
gest developments in lamps was the 
announcement by the General Elec- 
tric Company of a reduction in price 
of approximately 10 per cent on ni- 
trogen-filled, Mazda lamps ranging 
in size from 100 to 1,000 watts. The 
lamps on which the reduction was 
made comprise the bulk of the lamps 
used by industrial plants. 

A theft-proof lamp has been de- 
veloped by the Kulp Theft Proof 
Lamp Company of Chicago, III. This 
incandescent lamp is standard in 
every respect and resembles other in- 
candescent lamps in appearance, but 
has the added feature that it cannot 
be removed from the socket without 
being destroyed. The base is pro- 


vided with an outer shell which is 


sealed to the inner shell. The outer 
shell is threaded to fit the socket, but 
the inner shell has no thread. After 
screwing the lamp into the socket an 
additional turn breaks the seal be- 
tween the shells and the lamp then 
turns freely around in the socket. 
The only way to remove it is to 
break the glass and reach the outer 
shell. This lamp is being made in 
all sizes, both vacuum and gas-filled, 
and is said to cost no more than 
other lamps without the theft-proof 
feature. 

Miscellaneous Lighting Supplies. 
—A device that will clean and polish 
the light fixtures directly from the 
floor has been placed on the market 
by the Electric Light & Reflector 
Cleaner Company of Appleton, Wis. 
The apparatus consists of a set of 
telescoping tubes, the upper tube con- 
trolling three arms that grip the re- 
flector under spring tension and 
prevent it from turning. Inner 
tubes control the brush mechanism. 
A handle at the bottom raises the 
mechanism into contact with the re- 
flector and lamp, while the lever at 
the side of the handle holds the 
brushes against the surface to be 
cleaned. A crank at the bottom re- 
volves the brush mechanism. 

The Thompson Electric Company 
of Cleveland, Ohio, has changed the 
name of its safety disconnecting 
hanger to Thompson Safety Lower- 
ing Switch. This name was thought 
to be more typical of its function. The 
maker states that this device enables 
all lamp maintenance work to be 
done on the ground, thus eliminating 
all climbing and electrical hazards, 
and making the work more likely to 
be done. The new underslung de- 
sign involves several improvements. 
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In this model all of moving parts 
except the wheel are lowered to the 
ground with the lighting unit; pro- 
vision is made for enclosing the line 
wires entering the upper member 
of the device and also for dead-end- 
ing the chain, as well as for enclos- 
ing the chain in conduit. 

The American Fixture Company 
of Milwaukee, Wis., reports that its 
industrial, adjustable light fixtures 
are now made for attachment di- 
rectly to the conduit fitting. 


Wiring Devices 


A new type of wire connector has 
been developed by the Ideal Com- 
mutator Dresser Company, of Syca- 
more, Ill. The manufacturer states 
that this device does away with the 
use of tape, solder and blow torch 
and decreases the time required to 
make wire joints. These connectors 
come in several sizes to handle all 
regular stranded and solid wire com- 
binations. To make a joint, the 
wires are skinned and twisted, leav- 
ing about an inch of wire exposed. 
The connector is then screwed on to 
the twisted pair of wires. Inside the 
connector is a copper-covered steel 
wire coil that bites into the copper 
wires and which is said to hold them 
fast, making a perfect mechanical 
and electrical connection. 

A “Ground It“ bushing has been 
developed by the Groundulet Com- 
pany, Newark, N. J., for use on con- 
duits which are to be grounded or 
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otherwise electrically connected. The 
bushings are made of malleable iron, 
galvanized and provided with an ear 
which is drilled and tapped to re- 
ceive a stud. The stud is provided 
with a socket to which the ground- 
ing wire may be soldered. A hole is 
located in the bushing in such a po- 
sition that when the stud is screwed 
into place, the stud comes into con- 
tact with the threads of the conduit. 
This not only establishes an intimate 
electrical contact with the conduit, 
but it also locks the bushing firmly 
on the conduit and as the stud thread 
is mutilated when the stud is screwed 
home, there is little possibility of its 
working loose. 

A new weatherproof, armored con- 
nector for electrical circuits has 
been developed by The Ohio Electric 
& Controller Company of Cleveland, 
Ohio, for use where connections must 
be made and broken frequently and 
kept insulated, especially where they 


are exposed to hard knocks or the 


weather. Connection and disconnec- 
tion are affected without tools by a 
double bayonet type lock as shown 
in one of the accompanying illustra- 
tions. 

A complete line of pipe fittings 
which are designed for use with com- 
mon wrought-iron or steel pipe in 
the erection of outdoor or indoor 
electrical switching equipment, has 
been placed on the market by the 
Westinghouse Electric & Manufac- 
turing Company. While they are 
designed primarily for electrical in- 
stallations, the new fittings are 
equally applicable for the construc- 
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tion of racks, railings and bench or 
table frames. 

The “Shurlock” is a locking fea- 
ture that has been developed by Pass 
& Seymour, Inc., of Syracuse, N. Y. 
This feature is designed to prevent 
the unauthorized removal of lamps 
from their sockets. It also may be 
used to prevent lamps from loosen- 
ing in their sockets due to excessive 
vibration. 

Construction and erection costs 
can be reduced through the use of 
the Adaptibox line of conduit fittings 
is the report received from the 
Adapti Company of Cleveland, Ohio. 
These conduit fittings instead of 
being made in one piece, consist of a 
base having four interchangeable 
sides. This feature permits any spe- 
cial requirement to be instantly met 
by the contractor or plant engineer, 
right on the job if necessary, by re- 
assembling standard units to make 
up the types needed. Also since the 
cutlet sides can be screwed on to the 
conduit and afterwards attached to 
their respective bases, it is in many 
cases possible to assemble entire 
sections of the conduit on the floor 
and then attach them to the bases al- 
ready in place on the ceiling. 

The Arrow Electric Company in- 
form us that their new Arro-Grip 
feature has been extended to a com- 
plete line of sockets and rosettes as 
well as to the attachment plugs. 

A new switch-plug has been de- 
veloped by Harvey Hubbell, Inc., of 
Bridgeport, Conn. In many shop 
and factory installations the ceiling 
lighting unit closes up the only con- 
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Wiring devices that have been de- 


vised to fit special conditions. 
At A is shown a connector that is in- 
tended to take the place of solder and 
tape when splicing wires. It is made 
by the Ideal Commutator Dresser Com- 
pany of Sycamore, III. is a socket 
with a special grip to hold the cord Se- 
curely to the socket. It is made by 
the Arrow Electric Company, Hartford, 
Conn. C is a new canopy toggle switch 
made by Harvey Hubbell, Inc., of 
Bridgeport, Conn. E is a new switch- 
plug made by the same company. 
It has been developed to give the 
combination of a switch and a con- 
venient outlet. D is a bushing devel- 
oped by the Groundulet Company of 
Newark, J., for making a good 
ground to a conduit. In F is shown a 
new weatherproof armored connector 
developed by The Onio Electric & Con- 
troller Company of Cleveland, Ohio. It 
was especially designed for making an 
easily-broken connection at the magnet 
end of a lifting magnet cable. 
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venient or available outlet to which 
a heating appliance, fan, motor- 
driven appliance, or any other elec- 
tric device used, can be connected. 
To meet this unfavorable situation, 
the Hubbell switch-plug was devel- 
oped. It combines both 


and a T-slot outlet into which an 
electric device can be plugged. The 
switch controls the light only; the 
cutlet is always “alive.” 

This company has also developed 
a multiple plug which may be plugged 
into a single plug outlet thereby con- 
verting it into a double outlet. 

A new remote control switch rated 
at 15 amp., 125 volts, has been de- 
veloped by the Hart Manufacturing 
Company of Hartford, Conn. The 
maker informs us that this switch 
was especially designed for the auto- 
matic switch control of small 
amounts of current and is adapted 
for the control of small motor-driven 
sirens and oven units with thermo- 
static control. 

A new conduit box switch, known 
by the trade name Levolier, has been 
placed on the market by the McGill 
Manufacturing Company of Valpa- 
raiso, Ind. This switch is rated at 
6 amp., 125 volts, or 3 amp., 250 
volts, and is intended to do away 
with the necessity of running extra 
conduit to the switch, inasmuch as 
the conduit box switch is installed at 
the fixture. 

A new model of the Autex auto- 
matic extension reel is reported by 
The Cincinnati Specialty Manufac- 
turing Company of Cincinnati, Ohio. 
The maker states that this new 
model has an improved side contact, 
a new clamp which was added to 
hold the cord secure, and that the 
reel is now equipped with Belden 
Tuff Rubber Cord instead of the 
fabric cord previously used. Two 
sizes of reels are made: one having 
a 9-in. disk and carrying 25 ft. of 
cord and the other having a 18-in. 
disk and carrying 50 ft. of cord. 

The Appleton Electric Company 
of Chicago, III., informs us that 
many manufacturers are making op- 
eration of portable tools more con- 
venient through the use of Reelites 
for paying out and retrieving the 
cord running from the power supply 
outlet to the tool. This company also 
informs us that its Mogul type Reel- 
ite is finding extensive application 
for paying out and retrieving the 
power supply cable on magnet hand- 
ling cranes. 

During the past year the Truscon 
Steel Company of Youngstown, Ohio, 


an inde- 
pendent switch for the ceiling unit 


[INDUSTRIAL ENGINEER 


has developed a steel pole of copper 
bearing steel which is said to do 
away with rusting and the costly 
galvanizing which has heretofore 
been required on steel poles to pre- 
vent rusting. 


How Maintenance 


Is Handled 


(Continued from page 51) 


This continual watch for mal-adjust- 
ments, etc., does much to prevent 
serious troubles and consequent loss 
in production machine hours. 

A straight-line organization is in 
effect, with the works engineer in 
charge. The following men are re- 
sponsible and report to the works 
engineer: 

Millwright foreman 

Chief electrician 

Janitor foreman 

Watchman 

Elevator operators 

Safety inspectors 

Construction gang foreman during 
construction periods 

Foreman of millwright dept. at 
Cortland Works. 

Aside from these responsibilities 
as works engineer, the writer is 
president and manager of the Corona 
Building and Improvement Company, 
Inc., a subsidiary of the parent com- 
pany. This company has purchased 
land, laid out streets, sewer systems, 
etc., and erected 83 homes and main- 
tains them and also owns and oper- 
ates a rooming house consisting of 
32 rooms, dining room and kitchen 
and garage which is furnished to 
the parent company for the storage 
and maintenance of its trucks and 
passenger Cars. 


Maintenance Tools 
and Equipment 


(Continued from page 89) 
Electric Company allows welding 
operators to make a quick change 
from burned stub to new electrode. 
The maker points out that the oper- 
ator need only strike the stub end 
of the old electrode, causing it to 
drop out, when the new wire can be 
inserted instantly without unneces- 
sary effort. 

Miscellaneous Supplies. —A volt- 
age tester that does not require the 
use of lamps has been announced 
by the Square D Company of De- 
troit, Mich. The maker informs us 
that this tester will indicate whether 
the current is a. e. or d. e. and will 
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also indicate potentials from 125 to 
500 volts. It is intended to replace 
lamps in locating open circuits, 
blown fuses, and motors running 
single phase. It may be used in 
emergencies as a voltmeter. 

A new product, known as Im- 
perial Commutator Cement, has been 
placed on the market by the Martin- 
dale Electric Company of Cleveland, 
Ohio. 

Several new insulating varnishes 
have been developed by The Sterling 
Varnish Company of Pittsburgh, 
Pa. Among thesé is Jetlac, a spirit 
finishing varnish that the manufac- 
turer states air dries in from 2 to 
10 min., depending on the method of 
application. It is said that this 
material gives a beautiful, deep 
glossy black coat that is oil-proof 
and very resistant to water, acids 
and alkalis; also it is flexible and 
heat enduring. The maker also in- 
forms us that he has developed a 
complete and entirely distinctive 
line of baking insulating varnishes, 
that are designed especially for ap- 
plication to coils wound with enam- 
cled wire. These varnishes range 
from those which, because of their 
unusual mechanical strength are 
especially adapted to the treatment 
of high-speed motor armatures to 
those that are characterized by their 
adhesiveness and extreme resistance 
to heat. They are oil-resistant but 
at the same time provide protection 
against water, acids and alkalis. 
Their special solvent, having an ex- 
tremely high flash point, is said to 
render them as nearly non-inflam- 
mable as is at present possible. 

W. J. Jeandron states that four 
new grades of Le Carbone brushes 
have been recently developed. Grade 
EGA is reported to be especially 
adapted for 250-volt rotary convert- 
ers and motor-generator sets where 
the speed is not in excess of 4,500 
ft. per min. and the current density 
is about 55 amp. per sq. in. Grade 
EGSP is said to be adapted to 500- 
volt rotary converters and motor- 
generator sets with approximately 
the same speed and current density 
as listed above. Grade EGH is de- 
signed for automatic rotary convert- 
ers where the brushes run in a 
trailing position. Grade CG 3,371 
is intended for use on bronze rings 
on rotary converters where the cur- 
rent density does not exceed 100 
amp. per sq. in. and a ring speed of 
approximately 4,500 ft. per min. 
The maker informs us that this 
brush has a low co-efficient of fric- 
tion and causes little ring wear. 
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A new, unique and efficient drill 
has been developed by the Van Ex- 
pansion Bolt Manufacturing Com- 
pany, Chicago, Ill. This drill is in- 
tended for use in drilling holes in 
brick, concrete or stone. It has 
fluted or grooved sides which per- 
mit ample clearance. Inasmuch as 
the diameter of the drill is the same 
throughout its entire length, it never 
becomes undersize. The manufac- 
turer reports that the drill is so 
tempered that the life of the drill is 
practically unlimited, as it can be 
re-sharpened and used as long as 
enough stock is left to hold in the 
hand or insert in the chuck. 

The Westinghouse Electric & 
Manufacturing Company has in- 
formed us that a means has been 
recently perfected for forming mi- 
carta rod with the laminations con- 
centric to the axis and with the 
center as solid as the exterior por- 
tion. Such a rod can be machined 
without the difficulty of splitting out, 
as is the case with the soft-core rod. 


Mechanical Power 


0 0 
Service Equipment 
(Continued from page 64) 
power tank, known as M116 and 
M109 respectively, for use with the 
“Dot” high pressure lubricating 
system. The electrically driven out- 
fit comprises a cylinder made from 
heavy, seamless brass tubing in 
which the lubricant can be put under 
any pressure up to 2,500 lb. per sq. 
in. by means of a 3-piston booster 
pump driven by a small electric 
motor. The pressure can be ad- 
justed to any desired value up to 
2,500 Ib., by means of check nuts 
back of the piston springs. This 
outfit is mounted on wheels for easy 

transportation around the plant. 
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The hand-power tank consists of 
a cylinder made of seamless brass 
tubing, in which any pressure up to 
3,000 Ib. per sq. in. may be developed 
by bearing down on the handle of 
the booster pump. There is a ball 
valve at the base of the pump which 
opens with each stroke of the 
plunger and immediately closes at 
the end of the stroke, thus main- 
taining pressure in hose and gun. 

Star Expansion Bolt Company, 
New York, N. Y., has placed on the 
market a new device known as the 
“Dryvin Anchor,” for making at- 
tachments to masonry or brickwork. 
This consists of a metal shield and 
lead sleeve which are inserted in a 
hole drilled in the brickwork. The 
shield is then expanded by driving a 
nail into it. This shield is made in 
several sizes ranging from JJ in. to 
1, in. diameter and it is claimed will 
develop ultimate holding loads from 
400 to 4,000 Ib., in good masonry. 
Other claims are that the expansion 
takes place below the surface of the 
masonry and that the pressure is 
distributed over a large area. 

A new line of gooseneck welding 
torches has been developed by The 
Bastian-Blessing Co., Chicago, III. 
It is claimed that these torches are 
an improvement over other torches 
of similar design in that the gases 
do not mix in or near the operator’s 
hand and that they contain all of 
the features patented by this com- 
pany for the elimination of backfire 
and production of maximum effi- 
ciency of gas mixture. 


At the left are shown two of the 
seven Venturafin unit heaters, 
made by American Blower Co., in- 
stalled in a large planing mill. 
Center, portable, single- inlet, H. S. 
fan for induced draft in brick kilns. 
Right, a No. 7 Man Cooling Fan 
on duty in a Southern steel mill. 
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Weiss Engineering Corporation, 
Newark, N. J., is introducing the 
Weiss universal] joint, of which it is 
claimed that the distinguishing 
feature is that it transmits uniform 
angular motion when driven at a 
uniform rate. Each end of the joint 
is formed with four jaws projecting 
in the direction of the shaft, which 
interlock with the corresponding 
jaws of the other member. Rolling 
contact is maintained between the 
two principal members by means of 
a series of balls, through which the 
driving torque is transmitted. These 
balls are held in specially-formed 
raceways so that each ball is sunk 
approximately half its diameter in 
the face of one jaw and an equal 
depth in the opposing face of the 
next jaw. 

The American Blower Company, 
Detroit, Mich., is now producing a 
Venturafin Heating Unit having 
about three times the heating 
capacity of the original Venturafin 
Unit Heater which was placed on 
the market last year. 

It is claimed that these heaters 
are unique in that they make use of 
a peculiar form of tubular construc- 
tion. The steam tubes are of thin 
copper, offering little resistance to 
the passage of heat. Still higher 
transmission efficiency is given by 
winding the tubes with a helical 
brass fin,“ which gives them about 
three times their ordinary heat- 
radiating surface. These tubes are 
assembled into units and forced eir- 
culation of air through the tubes is 
provided by a motor-driven fan. 

The small unit weighs 320 Ib. and 
has a capacity ranging from 125,000 
to 162,500 B.t.u. per hour, depend- 
ing on the initial and final tem- 
peratures. The larger unit delivers 


from 500,000 to 650,000 B.t.u. per 
hour and weighs 1,060 lbs. 
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Material Handling 
Devices That Pay 


(Continued from page 70) 
existing equipment or to incorporate 
new developments. Four of these 
new developments have been illus- 
trated on page 70. One of these has 
been added to the line of the Roeper 
Crane & Hoist Co., Inc., Reading, 
Pa., which was formerly known as 
the Reading Crane & Hoist Co. Some 
new developments have been added 
to the Lo-Hed electric hoist manu- 
factured by the American Engineer- 
irg Company, Philadelphia, Pa. This 
hoist is so constructed that the hook 
can be drawn up close to the rail, 
thus making the hoist available in 
places where the headroom is very 
low. Still another electric hoist, 
known as type CM was developed 
by the Chisholm-Moore Manufactur- 
ing Co., Cleveland, Ohio. This hoist 
contains a standard enclosed crane 
motor; a controller especially built 
for hoist service; two reductions in 
spur gear; a Weston load brake; a 
mechanically operated motor brake 
and other features. 

The Shepard Electric Crane & 
Hoist Co., Montour Falls, N. Y., has 
added the LiftAbout, Jr., which is 
built for handling 500-lb. loads, to 
its line. This is very similar to the 
LiftAbout, except that it is of less 
capacity, and is built for handling 
light loads quickly, such as rolls of 
cloth in textile mills, baskets of cans 
in canning factories, handling mate- 
rials for pickling, handling machine 
products for cleaning, dipping or 
painting operations, for serving 
lathes and other machines. 

The Sullivan Machinery Co., Chi- 
cago, IIl., has increased its line of air 
and steam hoists, by adding a 1-ton 
capacity electric hoist to its line. In 
addition, the Ingersoll-Rand Co., 
New York City, is now offering a 
new line of air motor hoists made in 
five different sizes with capacities 
ranging from 500 to 10,000 pounds. 

Two new types of cupola chargers 
were developed during the past year. 
The type developed by the Shepard 
Electric Crane & Hoist Co., Montour 
Falls, N. Y., is constructed in either 
cage or floor operated electric hoist 
types and carries the load on an ex- 
tension beyond the trolley with the 
cage acting as a balance to the load. 
The charge is handled in drop-bot- 
tom buckets, with magnets or in 
grab buckets. 

A cupola charging hoist for some- 
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what similar general operation was 
also brought out by The P. H. & F. 
M. Root Co., Connersville, Ind. In 
one installation of this cupola 
charger a crew of three men did the 
work formerly requiring six men. 
Here the cupola was charged with 
150 tons per day or 19 tons per hour. 
The complete cycle of operation of 
each charge from the scales to the 
cupola and return required six min- 
utes for each 10,000 pounds of 
charge so that the hoist was oper- 
ating about 50 per cent of the time. 

Several interesting features are 
incorporated in the 10-ton crawling 
crane brought out by the Industrial 
Works, Bay City, Mich., for general 
yard use for handling coal and mis- 
cellaneous purposes. An improved 
model of the 20-ton locomotive crane 
has been brought out by The Brown 
Hoisting Machinery Co., Cleveland, 
Ohio. 

Magnets are being applied as a 
part of practically all hoisting equip- 
ment handling iron or steel. Many 
unusual applications have been re- 
ported. In one case an Ohio magnet 
is used to dip rolls of wire in an 
acid bath. The magnet is protected 
by frequent coatings of asphaltum 
paint. 

Three conveyor developments have 
been reported by the Stephens- 
Adamson Mfg. Co., Aurora, III. One 
of these is a portable, high-speed, 
belt-conveyor, box-car loader for 
throwing material into the farth- 
est corner of the box car. This may 
also be used for unloading cars. The 
other developments consist in adopt- 
ing high pressure lubrication to the 
ball bearing unit carriers for belt 
conveyors and also for the conveyor 
chain. These two parts of the equip- 
ment have been extremely difficult to 
lubricate and are continually oper- 
ated under extremes. 

Users of conveyors are paying con- 
siderably more attention to specify- 
ing the use of ball bearings and bet- 
ter methods of lubrication for both 
gravity conveyors and also for the 
rolls supporting belts in other con- 
veyors. 

Conveyors are occupying an im- 
portant place in material handling, 
especially where an almost uniform 
and continuous supply of material is 
to be delivered over a fixed path. 
Belts and bucket conveyors also have 
well demonstrated their value in 
handling loose material. For ex- 
ample, one belt conveyor system, con- 
taining almost 412 miles of 48-in. 
conveyor belt, carries coal from a 
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mine to the loading station at the 
continuous rate of 1,200 tons per 
hr. This has taken the place of lo- 
comotives, cars, track and the dif- 
ficulty of unequal distribution of the 
deliveries of coal as well as a large 
force of men. Belts are also used 
for carrying supplies „that must be 
mixed in certain proportions such as 
the constituents of brass or rubber, 
to weighing scales and from there to 
the process. Another interesting 
conveyor installation reported by 
Weller Mfg. Co., Chicago, III., is a 
special conveyor used to store and 
reclaim beets at a Western beet su- 
gar factory. 

A number of interesting applica- 
tions of roller and slat or apron con- 
veyors have also been reported from 
practically all industries. Many con- 
cerns are finding that progressive as- 
sembly can be adapted to many indus- 
tries and processes, cheese making, 
ior example, and is not limited to 
straight mechanical assembly opera- 
tions as in the automobile industry. 
Practically all of the new sawmills, 
large planing mills and shook plants 
are handling much of the material 
by conveyor systems. Many plants 
are finding conveyors much more 
economical than the use of large 
gangs of men even though labor was 
not so difficult to obtain. The econ- 
omy feature, however, well repays 
the investment. 

Other miscellaneous new equip- 
ments reported are: A new type 
of trailer for tractor service, by 
Mercury Mfg. Co., Chicago, III.; ad- 
ditional pressed-steel boxes and plat- 
forms for hand- and _ power-lift 
trucks, by The Youngstown Pressed 
Steel Co., Warren, Ohio; improved 
models of hand and electric “Trans- 
veyors,” by Cowan Truck Co., Hol- 
yoke, Mass.; and a new Super Mul- 
tiple-Lift hand-lift truck by Stuebing 
Truck Co., Cincinnati, Ohio., by 
which one man can handle 5,000-lb. 
loads in four short lifts. 

With the increasing knowledge of 
the value and economy which may 
result from the use of material 
handling equipment, the coming year 
will no doubt show much greater 
utilization of this equipment. 

EDITOR’S NoTE: Special acknowledgment 
is made to the following companies for 
their assistance in furnishing information 
on material-handling equipment: American 
Engr. Co., Philadelphia, Pa.; The Baker 
R. & L. Co., Cleveland, Ohio; Barrett-Crav- 
ens Co., Chicago, III.; Bond Foundry & Ma- 
chine Co., Manheim, Lancaster Co., Pa.; 
The Brown Hoisting Machinery Co., Cleve- 
land, Ohio; Chisholm-Moore Mfg Co., Cleve- 
land, Ohio.; Cleveland Crane & Engr. Co.. 
Wickliffe, Ohio; The Crescent Truck Co.. 


Lebanon, Pa.; Cowan Truck Co., Holyoke, 
Mass.; The Dow Co., Louisville, Ky.; Econ- 
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omy Engr. Co., Chicago, Ill.; The Elwell- 
Parker Elec. Co., Cleveland, Ohio; Fault- 
less Caster Co., Evansville, Ind.; Harnisch- 
feger Corp., Milwaukee, Wis.; The Jeffrey 
Co., Columbus, Ohio: Industrial 

Bay City, Mich.; Ingersoll-Rand 
New York City; The Lamson Co., 
Syracuse, N. Y.; Lewis-Shepard Co., Bos- 
ton, Mass.; Link-Belt Co., Chicago, III.; 
Mercury Mfg. Co., Chicago, III.; New Jer- 
sey Foundry & Machine Co., New York 
City; Ohio Elect. & Controller Mfg. Co., 
Cleveland, Ohio; P. H. & F. M. Root Co., 
Connersville, Ind.; Roeper Crane & Hoist 
CC., Reading, Pa.; Service Caster & Truck 
Co., Albion, Mich.; Shepard Electric Crane 
& Hoist Co., Montour Falls, N. X.; Stan- 
dard Conveyor Co., North St. Paul, Minn. ; 


Stephens-Adamson Co., Aurora, III.: Stue- 
bing Truck Co., Cincinanti, Ohio; B. F. 
Sturtevant, Boston, Mass.; Sullivan Ma- 


chinery Co., Chicago, III.; Weller Mfg. Co., 
Chicago, III.; The Yale & Towne Mfg. Co., 
Stamford, Conn.; The Youngstown Pressed 
Steel Co., Warren, Ohio. 


Mechanical and 
Electrical Changes 


(Continued from page 54) 
of our motors from open-type sleeve 
bearings, to inclosed-type roller bear- 
ings in some of our dusty and dirty de- 
partments where there is a great deal 
of flying dust, sand and chips. 

We expect to make several changes 
in the machines in the machine shop, 
in order to avoid double handling, and 
to increase the number of pieces ma- 
chined per day. 

Several changes in the lighting condi- 
tions in several different departments 
have been started in order to get bet- 
ter light for the employees, and to have 
it where it is needed and can be used 
to the best advantage. 

It is expected that several changes 
will be made in belt-driven machines, 
changing them to chain drive and 
thereby increasing the power and doing 
away with belts and shafting. 

We have recently put into service 
two large portable electric drills with 
capacities up to 1% in., in order that 
heavy repairs can be made on the job 
without taking the work to the shop. 
One drill is a three-phase, 220-volt ma- 
chine and the other is a universal 220- 
volt, a.c. and d.c. machine. 
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Keene Richards, Industrial Engineer, 
Grennan Bakeries, Inc., Detroit, Mich. 
—For our lighting installation we have 
standardized white enameled steel re- 
flectors and the grouping of the light- 
ing switches on a panelboard in each 
department. This panelboard is so lo- 
cated that the fuses are locked up and 
accessible only to the electrician, while 
the switches are exposed and are op- 
erated by the department foremen. 

Many departments have not been 
changed over in this way, but we con- 
template making these changes within 
the next year. 

Lighting circuits have been so 
grouped that the parts of the room 
which get dark first are on a separate 
circuit. 

We are gradually changing over all 
switches on production machines which 
are started and stopped frequently. to 
remote control even though the motor 
may be only of one or two horse power. 
We find that this change-over costs us 
about $65 but soon pavs for itself 
in absence of fuse trouble. ete, 


As our machinery is used in the 
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manufacture of food products and re- 
quires daily washing, we found it prac- 
tically impossible to mount the ordi- 
nary type of switch on or near the 
machine and not get into trouble. We 
now mount a water-tight, control but- 
ton directly on the machine, with the 
remote control switch back on the wall 
or column. 

We have for some time used direct- 
connected motor drive on all motor 
equipment. This policy we are contin- 
uing. There are a few cases where 
group drive might be more efficient, but 
in a plant handling food products over- 
head shafting and belting cannot be 
tclerated. 

Elevator maintenance is a difficult 
and expensive item. In new plants and 
additions we are installing conveyors 
and not elevators, as we find that a 
properly-designed conveyor system is 
cheaper, easy to maintain, more effi- 
cient and more flexible. We have even 
gone so far as to install a conveyor for 
receiving material in order to relieve 


the load on elevators. 


I would like to place particular em- 
phasis on the use of remote control 
switches even for very small motors. 
The saving on fuses and maintenance 
on an installation costing $65 or $75, 
as against the ordinary protected 
switch costing $5 or $6 will very easily 
pay for itself in two years exclusive 
of the amount of time saved by keeping 
the machine in service. 

x xk X * 


W. T. Price, Works Manager, West- 
cott Valve Company, Inc., Seneca Falls, 
N. Y.—We have not made any changes 
during the past year, as we did not 
think any were necessary, for the rea- 
son that we have not had any trouble. 

All of our lines were installed with 
considerable forethought and have stood 
the test. All lines from which motors 
are drawing power were installed 50 
per cent heavier than was necessary. 
This has proven good judgment as we 
have been able to add motors to the 
line without lowering the efficiency of 
said line. 

All motors are kept clean and well 
oiled, and are looked after twice a 
week. All motors are installed with 
knife switch fuse box and protected by 
an overload device, with an automatic 
starter ahead of these. We have found 
that this was good judgment as it 
practically eliminated all motor 
troubles. 

We do not contemplate any changes 
in our present equipment, other than 
those occasioned by moving our plant 
to another city. 

If we had the necessary capital and 
could do so, we would have every ma- 
chine in the plant a direct-connected, 
electrically operated unit, excepting 
the real light machines. 

*x X X x 


L. A. Wynd, Chief Electrician, Key- 
stone Steel and Wire Company, Peoria, 
III.— The Keystone Steel & Wire Com- 
pany has made one important step in 
the application of power during the 
past year. Briefly, this step consists 
of using an 80-hp., mill-type motor as a 
booster on one of our main drives. 

Last July, mechanical changes in 
the rod mill increased the tonnage to 
the point where additional power was 
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necessary to drive the mill to its limits 
consistently. 

A spare General Electric Co. MD 107 
series motor was changed to compound 
by a replacement of the field coils and 
belted to the 1,300-hp. finishing mill 
main drive motor with the idea of 
slightly boosting the finishing mill 
power. As this motor is belted to the 
main motor it requires no starting re- 
sistance and is placed in operation 
automatically by first closing the shunt 
field circuit and then closing the ar- 
mature circuit through a magnetic con- 
tactor interlocked with the main motor 
control at the top-speed position. This 
experiment is working so well that 
plans are now under way to purchase 
two larger motors and belt them to the 
finishing and roughing mills to assist 
the main motors. 

The new booster motor on the finish- 
ing mill will be a 2, 300-volt, three- 
phase, 60-cycle, wound-rotor motor of 
250 hp., belted to the mill and arranged 
to be cut in on the line through an oil- 
immersed magnetic switch as soon 
as the Schebius-regulator- controlled 
1,300-hp. main motor reaches its high- 
est speed above synchronism. The fin- 
ishing mill part of the rod mill is 
worked at top speed about 98 per cent 
of the time and a more expensive con- 
trol for the booster is not justified. 
The installation of this motor presents 
a comparatively simple problem. 

A 300-hp., 230-volt, d.c., shunt inter- 
pole motor will be used to boost the 
power of the roughing mill and must 
work with the 2,300-hp. Scherbius-regu- 
lated main motor. This booster motor 
will be cut into service at point 15 
above synchronism and will work 
through the rest of the range to point 
24 above synchronism, which is top 
speed for the main motor. Its arma- 
ture current will be held close to 100 
per cent at all points through automatic 
field regulation. No starting resist- 
ance will be necessary. This applica- 
tion, while more complicated than the 
one on the finishing mill, is perfectly 
practical. 


* k * * 


A large paper mill reports that the 
only change of importance made during 
the past year was in changing the 
paper machine drive from steam engine 
to electric motor. Originally this ma- 
chine, which was of the electric drive 
type, was supplied from a d.c. gener- 
ator driven by a steam turbine. Trouble 
developed in the turbine, causing fluc- 
tuations which were annoying. Re- 
cently the turbine was taken out and 
a 350-kva. synchronous motor con- 
nected directly to the generator. As 
the average load on this motor is only 
180 hp. the remainder of the available 
capacity is utilized for power factor 
correction. 

Previously, a 400-kva. synchronous 
motor floating on the line was used for 
power factor correction only. After the 
installation of the 350-kva. motor it 
was found possible, by over-excitation 
of the latter, to dispense entirely with 
the larger motor. The costs of the 
steam and electric generator drives 
were found to be practically the same, 
while the paper machine operates much 
more satisfactorily with the constant- 
speed generator drive. 
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Practical Books 


For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 


Light and Work—By M. Luckiesh, Di- 
rector, Lighting Research Labora- 
tory, National Lamp Works of Gen- 
eral Electric Company. Published 
by D. Van Nostrand Company, 8 
Warren street, New York, N. Y., 290 
pages, 70 illustrations, price $4.00. 
This book presents a very practical 

discussion of the relation of quality 

and quantity of light to effective vision 
and efficient work. It presents ma- 
terial of use not only to the designer 
but also to all users of light and par- 
ticularly to men connected with the ap- 
plication of light to industrial plants. 

Artificial light has become a serious 

competitor of daylight on a cost basis 

and is far superior from the viewpoint 
of control. The author compares arti- 
ficial light with natural lighting on the 

basis of quality, quantity, and cost. A 

discussion is given on the best range 

of illumination intensity and also the 
best quality of light for effective work 
as influenced by efficient vision. Some 
rather surprising conclusions are 
reached pertaining to the economic 
value of adequate and proper lighting 
and to the amount of artificial light 
that we can afford to use at the pres- 
ent time. Chapters of particular in- 
terest to industrial men are those per- 
taining to light and production, the 
value of proper maintenance of light- 
ing svstems, the lighting value of paint, 
visibility and safety, and the most ef- 

fective and economical intensity of il- 

lumination. 

x * * „* 

App'icd E'ectricity for Practical Men 
—By Arthur J. Rowland. Published 
by the McGraw-Hill Book Company. 
Second edition, 431 pages, price $2.50. 
The first edition of this book was 

brought out in 1916. The revision in- 

cludes many changes and new material 
to bring developments in the applica- 
tion of electricity up to date. For the 
most part the book deals with funda- 
mental principles of interest to electri- 
cians who are engaged in construction 
and operating work on lighting and 
power svstems. It will also be found 
a useful text in vocational and trade 


schools. 
* x x * 


Principles of Electrop'ating and Elec- 
troforming—By William Blum, chem- 
ist, U. S. Bureau of Standards, and 
George B. Hogaboom, electroplating 
adviser, U. S. Bureau of Standards. 
Published by McGraw-Hill Book Co., 
370 Seventh Avenue, New York, N. Y. 
First edition, 356 pages, illustrated, 
price $4. 

The authors have for several years 
been engaged in the study of electro- 
plating and electroforming processes 
and this book has been prepared to 
assist those in the industry to apply the 
results that have been, or may be, se- 
cured in various research institutions. 

In keeping with the object, consid- 
erable space is devoted to an easily- 
readable exposition of the chemical 
laws and principles of electrochemistry 


concerned in the electrodeposition of 
metals from aqueous solutions. In the 
succeeding chapters such subjects as, 
factors governing character of de- 
posits, preparation for electroplating, 
preparation for electroforming, electri- 
cal equipment, tanks and their equip- 
ment, and the deposition of copper, 
nickel, zinc, lead, tin and other metals 
are discussed in detail. An appendix 
contains a number of very useful 
tables. 

In many respects this book is a note- 
worthy addition to the literature on this 
branch of the electrochemical processes 
and is deserving of a place in the 
library of everyone who is interested in 
the subject from any standpoint. 


* X X * 


Industrial Electricity — Direct Current 
Machines—By William H. Timbie, 
Professor, Electrical Engineering and 
Industrial Practice, Massachusetts In- 
stitute of Technology. Published by 
John Wiley & Son, Inc., New York 
City, 721 pages, 469 illustrations. 
Price $3.50. 

This book was written to meet the de- 
mand from technical schools and elec- 
trical workers for a text covering the 
important principles of electrical 
science as applied to modern industry. 
The purpose of the book is to explain 
how direet- current electricity is gener- 
ated, transmitted and used, and to af- 
ford an adequate foundation for further 
study of the application of alternating- 
current electricity to modern practices. 
The problems are based on the princi- 
ples of present day industrial practices. 
Over a thousand typical examples and 
practical problems, based on engineer- 
ing data, have been added to emphasize 
the principles and illustrate their uses. 
Explanations are made in a simple and 
practical way in a language which a 
student can easily understand and 
without the use of mathematics beyond 
simple algebra. 


x X X k 


Magnets—By Charles R. Underhill. 
Published by MeGraw-Hill Book Co., 
370 Seventh Ave., New York City, 
449 pages, price $4.00. 

This is a practical treatise on elec- 
tromagnetic devices, their circuits, and 
the specific forms and characteristics of 
electromagnets and permanent mag- 
nets. The author is a well-known con- 
sulting engineer and authority on this 
subject who has had a wide experience 
in the design of electromagnetic devices. 
While the book contains certain techni- 
cal information, the discussions are in- 
tensely practical and refer to the ap- 


plications of magnets in all equipment . 


that uses them. The information is not 
only of value to the designer but to the 
operator who must inspect and repair 
magnets. This book will be found to 
be a very complete and useful refer- 
ence. The subjects treated are as fol- 
lows: forms of electromagnets; me- 
chanical forces of electromagnets; time 
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and polarity characteristics; portative 
electromagnets; switching, control, and 
protective apparatus; relays; miscel- 
laneous electromagnetic devices; solen- 
oids; constant-current solenoids with 
plungers; test characteristics of solen- 
oids with plungers; general character- 
istics of solenoids with plungers; di- 
reet- current electromagnets; electric 
circuits and their phenomena; constant- 
impressed, direct-voltage, current-time 
characteristics; magnetic circuits and 
their phenomena; series and shunt mag- 
netic circuits; magnetic materials; air 
gaps and magnetic leakage; alternat- 
ing- current phenomena; series and par- 
allel alternating- current circuits; alter- 
nating-current solenoids; alternating 
current-electromagnets and mechan- 
isms; electromagnets in general; and 
permanent magnets. 
x * „ „ 


Handbook for Electrical Engineers By 
Harold Pender, editor-in- chief. Pub- 
lished by John Wiley & Sons, New 
York City. Revised edition, 2,196 
pages, price $6.00. 

This handbook was originally brought 
out in 1914. The necesary revisions to 
bring it up to date have been made 
throughout all sections. In addition, 
new material has been added on the fol- 
lowing subjects: frequency changers, 
electric ignition; phase converters and 
balancers; electric propulsion of ships; 
starting and lighting systems for auto- 
mobiles; and electric welding. Of the 
main articles 17 have been entirely re- 
written and considerable change has 
been made in 24 other articles. The 
general plan of the book remains the 
same, with an ‘encyclopedic arrange- 
ment of subjects, and a topical list of 
articles with page numbers supple- . 
mented by an elaborate index. 

In the revision of this book Harold 
Pender, the editor-in-chief, has been as- 
sisted by Wm. A. Del Mar, who is a 
well-known authority on electrical dis- 
tribution. Forty-two other associate 
editors who are authorities along par- 
ticular lines of electrical work have 
helped on the revising and rewriting of 
articles in this edition. This book is, 
therefore, a „ up- to- 
date handbook covering all phases of 
electrical work. 

x X X * 


Conduit Wiring— By Terrell Croft, con- 
sulting engineer. Published by Me- 
Graw-Hill Book Company, 370 Sev- 
enth Ave., New York, N. Y., 441 
pages, 700 illustrations, price $3.00. 
The author deals exclusively with the 

conduit method of interior wiring, as 

this method has become the most im- 

portant of all now in use. The book 

is written primarily for the man who 
installs or who directs the installation 
of the wiring; however, it is equally 
useful to the engineer, architect or su- 
perintendent who plans the installation. 
This book explains how to install 
conduit wiring for all types of build- 
ings, and for all types of work. It 
covers the conduit wiring job from 
start to finish, explaining each proced- 
ure, step by step, describing tools and 
materials and pointing out exactly 
what to do and how to do it. 
Specifically, the subjects treated in- 
clude conduit wiring materials and sup- 
plies, method of laying out a conduit 
job. conduit manipulation and tools, in- 
stalling concealed and exposed conduit, 
testing out, splicing and taping con- 
ductors, methods of grounding, and 
the application of conduit wiring in 
damp and otherwise hazardous places. 
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J. E. Rhodes and Sons, 35 North Sixth 
Street, Philadelphia, Pa.—A 65-page, 
pocket-size, “Belt User’s Book,” con- 
tains a number of useful rules, sug- 
gestions and information on the se- 


lection, installation and care of 
leather belts. 
Foamite - Childs Corporation, Utica, 


N. Y.—A booklet entitled, “Correct 
Protection Against Fire,” is a popu- 
lar treatise on fire protection for all 
sorts of risks, and is written in non- 
technical terms so that the suitabil- 
ity of any type of fire extinguisher 
for any particular risk may be deter- 
mined by the layman. One feature of 
particular interest is a large chart 
showing the effect of each of the vari- 
ous types of fire extinguishers upon 
different types of fires. 


Boston. Woven Hose and Rubber Com- 
any, Cambridge, Mass.—A 72-page 
klet entitled, “Standards of Prac- 
tice for Rubber Belting,” is written 
in plain, easily-understandable lan- 
guage and discusses rubber-covered 
and friction-surfaced belting, the con- 
struction and characteristics of these 
beltings, their application and care, 
and rules for belting practice. In ad- 
dition it contains charts and tables 
for making belting calculations. This 
is a book which will be of much value 
to those who use fabric-base belting. 


The Van Dorn Iron Works Company, 
Cleveland, Ohio—Catalog 1004 on, 
“Convertible Steel Shelving,” takes 
up the capacity and principles of con- 
struction and by means of illustra- 
tions describes a large number of ap- 
plications of Van Dorn steel shelving. 


General Electric Company, Schenectady, 
N. Y.—Bulletin Y-2057 entitled, “The 
Most Efficient Gears for Any Shop,” 
illustrates eight Fabroil gear instal- 
lations and describes how they solved 
difficult transmission problems. 


Lyon Metallic Manufacturing Company, 
Aurora, Ill.—Bulletin 105-A entitled, 
“Lyon Steel Tool Room Equipment,” 
shows by illustrations and diagrams 
typical shelving, racks and enclos- 
ures for toolroom purpose. 


Electric Tester Manufacturing and 
Sales Corporation, 74 East Sixth 
Street, Portland, Ore.—A folder de- 
scribes the Universal fuse and circuit 
tester which may be used on either 
alternating- or direct-current circuits 
carrying from 110 to 600 volts. This 
device eliminates the use of the ordi- 
nary test lamp. 


Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis.— Bulletin 4048 
describes the Allis-Chalmers-Timken 
roller shaft bearing, which is made 
in a housing interchangeable with 
most of the Allis-Chalmers adjust- 
able collar-oiling shaft bearings. as 
well as with a number of other 
makes. This bearing is built in stand- 
ard sizes for 1114¢-in. to 41543-in. 
shafts. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 
writing to the manufacturer whose name and address are mentioned. It 
is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 
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Palmer-Bee Company, 2778-2804 East 
Grand Boulevard, Detroit, Mich.— 
Bulletin B-45 entitled, “Speed Reduc- 
ers,“ gives a general description, with 
numerous photographs and drawings, 
of the construction, operation and the 
points of supericrity claimed for the 
Palmer-Bee mill-type, spur gear 
speed reducers which are made in 
capacities ranging from 14 to 500 hp., 
and in ratios from 1.48 to 1, up to 
4,000 to 1. This bulletin also con- 
tains instructions for ordering and 
how to select a speed reducer from a 
number of tables given. Worm gear 
and right-angle drive speed reducers 
are also described, as well as high- 
speed and mill-type Palmer-Bee flex- 
ible couplings. 

The Berger Manufacturing Company, 
Canton, Ohio—Catalog 20-B covers 
the line of Berloy steel bins and 
shelving, indicates their method of 
construction and erection and also 
shows a large number of installa- 
tions. 


The Cleveland Twist Drill Company, 
Cleveland, Ohio—A 32-page booklet 
entitled, “Tools for Tuning Up,” lists 
some of the drills, reamers and screw 
extractors which are most commonly 
used in repair shops. A folder en- 
titled. “The Best Way Out,” describes 
the Ezy-Out screw extractor in sets 
for removing broken cap or setscrews 
or bolts. 


Audubon Wire Cloth Company, Inc., 
Audubon, N. J.—A folder entitled, 
“A Partition Between,’ shows some 
of the various uses of wire mesh for 
partitions, windows and machine 
guards. Detailed illustrations show 
the construction of the joints and of 
the floor flanges for mounting. 


Century Electric Company. St. Louis, 
Mo. -A folder entitled, “How Century 
Polyphase Motors Are Built,“ shows 
by illustrations the construction of 
the various important parts. 

The Hisev-Wolf Company, Cincinnati, 
Ohio—Bulletin 3018-S describes the 
Hisey electric slate and marble drill 
with a universal, ball-bearing motor 
which operates the drill at 110 r.p.m. 
and has sufficient power for drilling 
holes up to 14 in. diameter in slate 
and marble. This drill is also adapted 
for some glass drilling operations. 


David Lupton Son’s Company. Alle- 
gheny Avenue and Agate Streets, 
Philadelphia, Pa.—Catalog B on Lup- 
ton steel factory equipment covers 
the line of steel shelving with bolted 
adjustment, steel bins and racks, 
utility cabinets, bench legs and draw- 
ers, steel cabinets, stands and boxes, 
tool cabinets and stands, tote boxes, 
foremen’s desks and waste bins. 


Crcuse-Hinds Company, Syracuse. N. Y. 
— Folder 15 and Bulletin 2058 de— 
scribe the “Wedgtite” pipe hanger 
for supporting pipe or conduits from 
I-beams. 
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The Bartlett-Hayward Company, Scott 
and McHenry Streets, Baltimore, Md. 
—Booklet entitled, Fast's Flexible 
Couplings,” shows by drawings the 
construction and by sectional cutaway 
illustrations the method of lubrication 
of the Fast coupling which is an all- 
metal coupling consisting of two gen- 
erated spur gears, one at each end of 
the shaft, which are continuously and 
completely meshed with the gener- 
ated internal gears of a floating 
sleeve. Considerable space is given 
to the principle of lubrication, how to 
order, how to install and factors to 
consider in various types of drives. 
This booklet also devotes space to 
special couplings, such as telescopic 
couplings, cut-out couplings, coup- 
lings for excessive misalignment and 
those for large turbo-alternators. 


The Mills Company, 5320 St. Clair Ave- 
nue, Cleveland, Ohio—A series of 
folders describe the construction and 
installation of partitions for factor- 
ies and offices, for shelving and for 
standard toilet enclosures. 


Monitor Controller Company, Balti- 
more, Md.—Bulletin 67 describes the 
Monitor edge-wound resistor, which 
is designed for heavy-duty service. 
This resistor is claimed to possess a 
number of advantages compared with 
other grids, which are fully explained 
and discussed. A table gives ratings 
and approximate dimensions. 


Chicago Fuse Manufacturing Company, 
Chicago, Ill—An 86-page catalog 
shows illustrations of Union renew- 
able and non-renewable fuses, Gem 
enclosed fuses and mica top block 
fuses, Union links, fuse wire and 
strip, Union cutout boxes, and a var- 
iety of other fittings. This catalog 
also gives sizes, prices and other in- 
formation for users. 

The Cutler-Hammer Manufacturing 
Company, Milwaukee, Wis.—A circu- 
lar entitled “Two Feet of Electrical 
Heat” illustrates and describes sev- 
eral rather unusual installations of 
electric strip heaters. 


Belden Manufacturing Company, 2300 
South Western Avenue, Chicago, III. 
—Recent catalogs and price lists have 
been issued on various Belden wire, 
cord and other specialties. 


The Sanymetal Products Company, 980 
East Sixty-fourth Street, Cleveland, 
Ohio—Catalog 4 illustrates the con- 
struction and installation of standard 
metal partitions for factory, offices 
and toilets. 

Gits Brothers Manufacturing Company, 
1940 South Kilbourn Avenue, Chi- 
cago, Ill—A catalog describes the 
Gits oil hole covers, oil cups and wick 
oilers, for oiling industrial equip- 
ment. 

Diehl Manufacturing Company, Eliza- 
beth, N. J.—Bulletin 1650 covers the 
Diehl line of a.c. and d.c. motor- 
driven exhaust fans. These fans are 
built with totally-enclosed motors. 

Gilby Wire Company, Newark, N. J.— 
A 20-page catalog lists, describes and 
gives the capacity, sizes and other in- 
formation as well as price on the line 
of resistance and other alloy wires 
manufactured by this company. 

Associated Manufacturers of Electrical 
Supplies, 30 East Forty-second Street, 
New York City—This organization 
has recently issued a new handbook 
which contains: Part One—list of of- 
ficers, committees and representatives 
on outside organizations; Part Two— 
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the list of member companies with 
their executive and associate repre- 
sentatives; Part Three—the first pub- 
lished standards of the Association. 


International Chemical Company, Phila- 
delphia, Pa.—A series of folders 
describe the various cleaning com- 
pounds manufactured by this com- 
pany. For example, compound 2B is 
used in repair shops and other simi- 
lar places for cleaning parts that 
have heavy coatings of grease, muck, 
paint and caked-on dirt; compound 
No. 22 is used to prevent rusting; 
cleaner No. 5 is used for cleaning 
floors. Other compounds are used for 
cleaning before plating or japanning, 
for removing oil after machining and 


for many other similar cleaning pur- 


poses. 

Tindall and White, Inc., 329 East Twen- 
ty-second Street, New York City—A 
special folder describes the Perfec- 
tion reflector which is designed for 
the purpose of diffusing part of the 
light and directing part on the work- 
ing surface. This is especially in- 
tended for individual lighting or for 
localized general lighting. 


Green Equipment Corporation, Mon- 
adnock Block, Chicago, III. -A cata- 
log describing Acme commutator 
smoothing stones gives a thorough 
discussion of the different types and 
grades of stones and gives sugges- 
tions as to their use. Other catalogs 
describe the Aurand commutator slot- 
ter which is a portable, hand-oper- 
ated, power-driven tool for under- 
cutting mica without removing the 
armature and, in most cases, without 
even removing the protecting shields 
or brackets. 


H. Kleinhans Company, Pittsburgh, Pa. 
—Folders describe the Mann arc 
welder which is made in both motor- 
generator sets and also for gasoline 
engine drive. One of the features 
claimed for this generator is that it 
maintains a fixed current value. By 
the use of a small field rheostat in 
the shunt field circuit, the current 
value may be changed as desired in a 
large range of steps from 60 to 200 
amp. Another bulletin entitled“ Pre- 
cision Welding” describes the use of 
this equipment in welding machinery 
such as crankshafts, which must be 
united with a specific tolerance of 
misalignment. 


The Texas Company, 17 Battery Place, 
New York City—The December, 1924, 
issue of “Lubrication,” which is a 
technical publication distributed by 
this company and devoted to the se- 
lection and use of lubricants, takes 
up the 2-cycle oil engine—its lubri- 
cation and operation. 


Columbian Rope Company, Auburn, 
N. Y.—A 54-page book entitled, Co- 
lumbian transmission rope is made, 
discusses rope drive systems, some 
advantages of rope drives, grooves 
and sheaves, the proper rope, how Co- 
lumbian transmission rope is made, 
splicing Columbian transmission rope 
(illustrated with 13 photographs and 
considerable explanatory text) and 
other useful information. 


The Pyle-National Company, 1334-1358 
North Kostner Ave., Chicago, III. 
Various catalogs describe the line 
of Pyle-National electric headlights, 
steam turbo- generators for head- 
lights, Pyle-O-Lytes for floodlighting 
and “Nonglare” glass reflectors. 
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The American Injector Company, De- 
troit, Mich.—“ The Engineer’s Red 
Book, is not only a catalog on 
American injectors and oilers but 
also contains a large number of pages 
of interesting data as well as ques- 
tions and answers for the engineer. 


The Hill Clutch Machine and Foundry 
Company, Cleveland, Ohio.—Bulletin 
T-220 describes the totally-enclosed 
industrial-type, spur-gear speed 
transformer with an oil splash sys- 
tem of lubrication. Customary ratios 
are from 5 to 1 to 125 to 1 for any 
size of reducer. 

Rollway Bearing Company, Inc., Syra- 
cuse, N. Y.—A folder describes the 
application of Rollway bearings for 
general-purpose electric motors. This 
bearing consists of short, heavy 
rollers. 


McCord Radiator and Manufacturing 
Company, Detroit, Mich.—A booklet 
entitled, Economy of Better Lubri- 
cation,” illustrates and describes with 
numerous sectional diagrams the ad- 
vantages, economies and operation of 
McCord force-feed lubricators. 


W. R. Ostrander and Compeny, 371 
Broadway, New York City--A 32- 
page catalog describes the various 
types of electrical apparatus, such as 
annunciators, tell-tale floats, bells and 
buzzers, relays, push buttons, door 
openers, sockets and other devices. 
Other catalogs describe fire alarm 
systems and other alarm and sig- 
nalling apparatus. 


Chase Metal Works, Waterbury, Conn. 
—A 38-page booklet entitled, “How 
to Order Brass,” points out what 
properties in brass are desirable for 
certain typical uses and tells how to 
order such material so that the man- 
ufacturer will understand exactly 
what is wanted. This booklet also 
takes up the different physical and 
mechanical properties of brass and 
shows the effect of various alloys 
and of the different methods of 
manufacturing. The different tests 
and what they mean are also ex- 
plained. A table gives the different 
common types of brasses and other 
alloys and their typical uses. 


General Electric Company, Schenec- 
tady, N. Y.—Bulletin 48,721 entitled, 
“Direct Heat Electric Furnaces in 
General Electric Factories,” shows the 
use of a large number of furnaces in 
various operations such as annealing 
of castings and wire, calorizing, sher- 
ardizing and other processes requir- 
ing electric furnaces, in different 
plants of that company. 


Harry M. Perry, 2816 North Main 
Street, Los Angeles, Calif.—A circu- 
lar describes the „slack belt idler 
which is fitted with a special attach- 
ment so that it may be mounted on 
any motor. This consists of a coun- 
terweighted pulley and a special at- 
tachment for the motor. 


Standard Pressed Steel Company, Jen- 
kinstown, Pa.—This folder describes 
the Gast loose pulley bushing which 
is a special oiling device that comes 
into play only when the loose pulley 
is in operation. 


Tide Water Oil Sales Corporation, 11 
Broadway, N. Y.—This 60-page book 
discusses the principles of lubrica- 
tion, as applied to prime movers, aux- 
iliary equipment and machinery in 
the power field. The discussion in- 
cludes the lubrication of transmission 
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elements, motors and various other 
kinds of equipment, with diagrams 
and charts to make clear the appli- 
cation. 

Miller Rubber Company of New York, 
Akron, Ohio—This folder describes 
the special composition Miller mal- 
let (not made of rubber) which is of 
laminated construction moulded in 
one piece. The striking qualities are 
similar to wooden mallets and will 
not damage, batter up nor bruise. 


General Electric Company, Schenec- 
tady, Y.—Circular 67495. de- 
scribes the Type FH oil circuit 
breaker for controlling high capac- 
ity from 7,500 to 35,000 volts, 500 to 
4,000 amp. 

The Standard Electric Tool Company, 
Cincinnati, Ohio—Circular describes 
the Standard improved special %-in. 
drill which is equipped with universal 
motor and ball bearings. 


Link-Belt Company, Chicago, III. Book 
650 shows applications of Link-Belt 
portable loaders for handling coal, 
sand, gravel, lime, fertilizer and 
many other loose materials which 
have to be loaded from the pile in in- 
dustrial plants. These vary from 
small portable belt loaders, gas-en- 
gine or motor driven, to large bucket 
loaders of several hundred tons ca- 
pacity a day. 

Western Electro Mechanical Company, 
Oakland, Calif—A 26-page catalog 
describes the load testing devices for 
alternating and direct current cir- 
cuits. These include indicating and 
graphic alternating current line cur- 
rent test sets, direct current load 
testing equipment, phantom loads 
and automatic substation equipment. 


Leeds and Northrup Company, 4901 
Stenton Avenue, Philadelphia, Pa.— 
Bulletin 680, reprint, describes the 
Macbeth illuminometer and gives di- 
rections for its. operation. This port- 
able equipment is calibrated to read 
in foot candles. 


Mercury Manufacturing Co., 4118 South 
Halsted Street, Chicago, III.—A group 
of bulletins describes the Mercury 
tractors and trailers. 


The Cutler-Hammer Manufacturing 
Company, Milwaukee, Wis.—Publica- 
tion 3082, entitled, “Cutler-Hammer 
Electric Elevator Control Equip- 
ment,” devotes 48 pages to a descrip- 
tion of control equipment of various 
types and gives standard installa- 
tions as well as wiring diagrams. 
Several pages are devoted to a dis- 
cussion of motors for elevator serv- 
Ice, motor fuse and wire rating. 


Morse Chain Company, Ithaca, N. Y.— 
A 48-page booklet entitled “A Chain 
of Testimonials” contains twenty-two 
testimonials from that many differ- 
ent concerns which show the experi- 
ence of users in twenty-six industries 


for driving twenty-five different 
types of equipment. . 
The Truscon Laboratories, Detroit, 


Mich.—Folders describe Stuccotex, a 
dry powder, which, when mixed with 
water, is used for painting cement, 
stucco and masonry even though the 
surface is damp and ordinary cover- 
ings cannot be used. 

Gibb Instrument Company, Bay City, 
Mich.—A folder entitled, The Heat- 
ing Machine,” describes some of the 
electrical heating equipment for 
welding or brazing. 
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Six Days and Five Nights Each Week For 
Seven Years, Record of Red Band Motors 


F. Snider, Shop Supt., at the Yards Plant Mather Stock Car Co., Chicago, says: In 
this plant two 7-year-old Howell Red Band Electric Motors are running 6 days and 
5 nights a week, 20 hours out of 24, and never giving trouble. Howells in our other 
plant are just as satisfactory.” 


Howell Red Band Motors are made in all types and sizes from ½ H. P. to 100 H. P. 
Sales and Service blankets the nation. Catalog on request. 


Howell Electric Motors Company 
Howell, Michigan (56) 
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— Make Good On The Hard Jobs — 
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ALLIS-CHALM 


Distribution 
Transformers 
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PRODUCTS: 
e Electrical Machi 
These transformers are built in sizes “Gas Engines 
. å l igh Steam Engines 
up to 25 KV-A, for voltages as hig 5 
as 13,800 volts. Condensers 
Oil Engines 
Larger sizes built in other styles. Hydraulic Turbines 
Pumping Engines 
: . ; Centrifugal Pumps 
Transformers have form-w ound Mining Machine 
coils carefully made and well insu- Metallurgical Machinery 


lated, mounted on built-up cores of 


Crushing Machinery 
Cement Machinery 


‘ 1 Flour Mill Machinery 
non- aging Silicon steel. Saw Mill Machinery 


; f Air Compressors 
Core and coils securely blocked in Air Brakes 

o? Steam and Electric Hoists 
welded steel tank with pressed steel 55 
cover. Power Transmission Machinery 


Send for Bulletin No. 1109 


LLIS-CHALMERS MANUFACTURING 


MILWAUKEE, WIS. U. S. A. 
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Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


Chicago, March, 1925 


Will Cure More Troubles 
Than Expert Knowledge 
Will When It Is Care- 
lessly or Indifferently 
Applied to a Job 


OST folks take pride in doing 
a good job and setting stand- 
ards of workmanship that command 
both respect and admiration. This 
trait of human nature associated 
with an active mind and healthy 
body can be found in presidents of 
big corporations and downward 
through their organizations to the 
janitor who has places for every- 
thing and uses them, keeps his own 
yard clean and worries not about 
that of his neighbor. Evidences of 
this kind of pride in work done and 
responsibility carried show up in 
many ways. Likewise evidences of 
a lack of it come to light in equally 
as many unexpected ways, and al- 
ways reflect unfavorably on the man 
whose negligence, carelessness, or in- 
difference allows damaging evidences 
of poor management or poor work- 
manship to pile up around him. 
Excuses for poor work, sloppy in 
character or a makeshift even in 
temporary repairs, never quite com- 
pensate for good intentions, and 
when such work is discovered by 
others called in to make corrections, 
the damages to the party guilty of 
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the negligence are almost beyond re— 
pair. Many a good position has been 
lost without the opportunity to make 
amends through the lesson learned. 

Just a little while ago I received 
the following letter and the accom- 
panying photograph which illus- 
trates all of the points I am trying 
to bring out. That letter reads as 
follows: 


I am sending you herewith exhibits 
from A to Z on, “How it should not 
be done.” These specimens were cut 
out of a two-wire line within a distance 
of 9 ft. 6 in. in a building used for five 
or six suites of living quarters over a 
block of stores. The wires are weather- 
proof and were used to carry the en- 
tire lighting of the upper floor. 

We were asked to investigate the 
cause of a very high bill by the land- 
lord’s agent and our attention was 
drawn to a very noticeable hum in a 
certain location, which seemed to indi- 
cate the use of a heater, contrary to 
the rules of the building. After failing 
to locate the heater, we cut off the 
wires and pulled them out. What we 
found is shown in the photograph and 
was the cause of the hum. This is the 
first time in my experience that I 
have found a hum from such a source, 
and I could not believe that a human 
being with normal intelligence would 
do such a job. 


It is hardly believable that any 
wireman would willfully install wir- 
ing in this manner. The party who 
did the job is not present to justify 
his case, but it is difficult to imagine 
what he could say in defense of his 
standards or workmanship. This 
picture is mute evidence of gross 
negligence for which there can be no 
satisfactory excuses. But the man 
who supervised this workman is 
partly to blame. Punishment will 
not cure such trouble, but pride in 
workmanship would. It’s your job 
as the boss to develop this in your 
men and a kind word about a good 
job as well as criticism of poor work- 
manship will go a long way. 


Coira CAT 
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Some Practices 
That Are 
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things out. 


Reducing Breakdowns and 
Lost-Time Accidents 


In a Large Food Products Plant Through Protection 
to Operators and Machines That Includes Inspection 


and Safety Precautions 


By R. R. THOMSON 


General Superintendent The Postum Ce- 
real Co., Battle Creek, Mich. 


trial plant has two purposes: 

(1) To protect the operator or 
others who may come near and (2) 
To protect the machinery, as an ac- 
cident to an operator or others, such 
as may result from premature start- 
ing, may often also be disastrous to 
the machine. The same safeguard, 
thus, often serves a double purpose. 
Because, as has often been stated, 
“The best safeguard is a careful 
man,” much work must be done to- 


S AFEGUARDING in the indus- 


ward educating the men to be care- 
ful by repeating the safety lesson 
so frequently that none can forget it. 

The new Post Toastie plant is 
not only provided with carefully 
planned safeguards but has the ad- 
vantage of a plant safety organ- 
ization that functions. While all of 
the machinery in other buildings in 
the works is well guarded, the new 
building has the guards designed and 
installed as a unit instead of piece- 
meal or as an afterthought, as is so 
often the case. Practically all the 
machines were built in our own shop 
and the guards constructed as a part 
of them. This not only makes bet- 


SAFETY WORK in industrial plants, while prim- 
| arily instituted for preventing accidents to work- 
ers, has had another valuable result. 
safeguards which prevent hands or arms from 
getting into the machinery also keep many other 
A loose pieee of metal in gears, for 
example, may do as much damage, in money value, 
as the compensation for an injured finger. This 
article brings out some of the methods for pro- 
tecting men and equipment at the Postum plant. 
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The same 


Method of guarding flaking mill in 
the new Post Toastie building. 


In this department the cooked and 
tempered grain, called grits, passes 
through heavy rolls which roll it out 


into flakes. The grain is served 
through chutes from above and 
passes on down to the floor below 
where it is toasted and then boxed. 
Each mill is individually driven by 
35-hp. motor, through a silent 
chain. All the equipment is raised 
from the floor so that it can be more 
easily cleaned underneath. The top 
of the guards are of solid metal, 
while in some cases the sides are 
open. Any of these guards may be 
easily removed by loosening a few 
bolts and they are made substantial 
enough so that they will fit back 
into place easily. Small doors are 
provided where it is necessary to get 
inside the guards for lubrication. 
The panel board controlling these 
motors is shown in an accompanying 
illustration. 
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ter-designed guards but also better- 
appearing guards. Appearance is 
especially desirable here as many vis- 
itors come to the plant annually to 
see the process of making Post 
Toasties. -All the machines and 
guards are painted with a heavy 
coating of gray enamel to match the 
machines, which are also enameled. 
These safeguards are generally 
made out of Steelcrete expanded 
metal, 22 gage, with diamond-shaped 
slits about ½ in. x 1 in. This comes 
in sheets 36 in. x 120 in. and is cut 
to shape and fastened with stove 
bolts to a framework of 1-in. x 1-in. 
x 14-in. angle-iron, on heavy sheet 
metal cut and formed to shape. 
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In some places, as around mov- 
ing belts, light sheet iron is used 
for part of the guards to retain any 
particles of dust which might be 
thrown out or stirred up by the rapid 
motion of the belt or chain. Also 
this solid top on the guard makes it 
easier to dust and clean and less 
liable to catch dirt than if it were 
perforated on top. Cleanliness is 
an important factor in a food-prod- 
ucts plant. 

These machine guards are made 
in the sheet metal shop which has 
facilities for cutting the expanded 
and sheet metal, for shaping it and 
also for bending the angle-iron 
frames. Expanded metal and angle 
iron of various weights and gages 
are kept in stock so that additional 
guards may be obtained as required 
on new equipment or when it is nec- 
essary to move or rebuild any ma- 
chine. In addition, each guard is 
made so that it can be removed and 
is substantial enough so that when 
taken off it will hold its shape and 
can be easily replaced without forc- 
ing. This is a point too often neg- 
lected in the making of guards but 
it takes very little more time to 
make a good guard than a poor one. 
The legs of the guard which rest 
on the floor fit into sockets fas- 
tened to the floor. This facilitates 
the removal of any guard as it is 
only necessary to loosen a few 
screws. Small doors or openings 
are provided in all guards where it 
is necessary to oil or adjust parts 
on the inside. This makes it unneces- 
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One of the permanent ladders for 
overhead lubrication. 


In practically all places where con- 
tinual lubrication is required over- 
head ladders such as this are built in 
permanently. In addition to making 
it easier to oil this elevator drive 
a special guard prevents the oiler 
from coming accidentally in contact 
with the drive. 
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the risk and the insurance premium. 

Practically all the machinery in 
this plant is driven by individual 
motors, connected by belt or silent 
chain to the machines. Individual 
drives are used because they make 
á better looking room and also stir 
up less dust than the belt drives. 
Both of these are important consid- 
erations in a food factory. Other 
reasons for individual drives are 
greater ease in controlling individ- 
ual machines and also the better dis- 
tribution of power. 

Special attention is given to safe- 
guards for oilers and others whose 
duty carries them regularly into 
dangerous locations, as well as for 
millwright inspectors and other re- 
pairmen who must on occasion also 
be exposed to an out-of-the-way haz- 
ard. Permanent platforms are used 


Two other steps in the process of 
making Post Toasties. 


The illustration at the left shows a 
row of the rotary cookers in which 
the corn grits are cooked. Notice 
here 1 the opening in the 
guard for oiling and also the special 


sary to remove the entire guard ex- 
cept when making extensive repairs 
or adjustments of the machinery. 
Sufficient space is left within the 
guard to prevent it from rubbing on 
the belt, gearing or any other mov- 
ing parts. All safeguards on ma- 
chinery are built according to the 
standards approved by the liability 
insurance companies so that we get 
a high rating by the inspector which 
in turn affects the insurance cost 
because approved guards decrease 
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“helmet” over the motor to protect 
it from dripping hot water. A sim- 
ple strap iron guard protects the 
wiring connections of the motor. 
Here, a permanent ladder is set in 
between each group of machines for 
the use of the operator or for in- 
spection. The illustration at the 
right shows another view of the 
rotary cooker and the drive for the 
collectin belt underneath upon 
which the cooked corn is dumped. 
In this case, in addition to leaving a 
door in the guard, grease cup and oil 
pipe connections are extended up 
through the guard so that it is un- 
necessary for the oiler to endanger 
himself or go to the trouble of 
opening the guard. Here, two sets 
of hangers are inverted to form a 
8 stand and support a short 
shaft. 
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Four Bulletins Which Teach Safety Lessons 


ed passageway, the wonder is 
that more injuries were not ca 


and that those who did stumble were 


not more serio hurt. 


It Happened Just This Way 


When someone leaned the six-foot piece of pipe 
against the sliding gate, he didn’t think what the 
result might be. The gate was pushed back just as 
a man was passing, and he barely escaped being 
struck by the falling pipe. 


There have been several injuries in the Postum plant 
on account of brushes, shovels, crow-bars, boards, and 
other objects which were so placed that sliding doors, 
etc, made them fall. 

Think accident prevention and satisfy yourself that 
you are not causing the man who follows ygú to get 
burt. 


Bad Business 


Tools and material carelessly left on 
airway may cause someone serious in- 
jury 


ering, and loss of time and money 


We must be mindful of the safety of 
others as well as ourselves. Thoughtful- 
ness will prevent a large proportion of our 
injuries. 
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whenever possible, as may be seen 
from some of the illustrations. These 
make it almost unnecessary to use 
ladders for oiling or to build plat- 
forms or scaffolds for inspection or 
repair of overhead motors. When- 
ever possible, motors are placed on 
or near the floor so that only a few 
ladders or platforms are necessary. 

In many plants it is the policy to 
do no more toward providing safe- 
guards for oilers or maintenance 
workers than may be required by the 
state code or by the insurance in- 
spectors. The management of some 
companies relies upon the type of 
men engaged in this work, realizing 
that they are operating under some- 
what more hazardous conditions than 
ordinary and so taking greater pre- 
cautions. The experience and sta- 
tistics of the accident insurance com- 
panies have shown that this is not 
the case and that even the most iso- 
lated hazards may cause a serious 
accident the first time it becomes 
necessary for a man to go close to 
the hazard. Unusual precautions to 
prevent accidents are taken in our 
plants. 

In one case, for example, as shown 
by one of the illustrations, the grease 
cup is extended through the mesh of 
the guard to the outside so that there 
is seldom any necessity of going in- 
side the guard. In other cases, simi- 
lar provision is made for oiling from 
the outside and so there is less op- 
portunity for the oilers to be in- 
jured. 

Another function of the safe- 
guards, and one which is too often 
overlooked, is their value in protect- 
ing machinery. A guard around the 
silent chain, for example, is of al- 
most as much value in preventing 
foreign objects, such as wrenches, 
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The entrance to the plant of the 
Postum Cereal Company and an in- 
terior view of the yard. 


The building in the foreground is an 
entrance to the bridge which takes 
the employees and visitors over the 
railroa track when entering the 
plant. The view at the right is taken 
underneath this bridge facing to- 
ward the entrance. Before a worker 
can step out upon the switch track, 
he must first lift the gate which is 
so balanced that it will swing back 
into position automatically. 


bolts or nuts, from getting between 


the chain and sprockets as in keep- 
ing hands and arms out. 

All electrical equipment is like- 
wise thoroughly protected. In the 
flaking room where each flaking roll 
is driven by a 35-hp. motor, the mo- 
tors are controlled in groups of four 
with a separate panel box for each 
group, as shown. Here, because 
only one motor of a group is started 


Guards and cross-overs on a con- 
veyor belt. 
When this belt was installed with- 


out guards, some of the workers 
would step on the belt when crossing 
over. This easily-constructed pipe 
guard fixes definite cross-over open- 
ings. In addition steps are built on 
a level with the belt and make 
stepping on the belt unnecessary. A 
section of a worn-out conveyor belt 
is tacked onto the steps to eliminate 
any slipping hazard. 
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at a time, a single G. E. CR 1034 
Type NR compensator is connected 
into the lines for each two groups 
of motors and their panel boards. 
The actual starting is handled by a 
G. E. barrel switch with the com- 
pensator coils removed and overload 
relays mounted in their place. This 
arrangement made possible a con- 
siderable saving in the installation 
cost. Each piece of starting equip- 
ment is identified conspicuously as 
is also the switch in the panel box, 
as may be seen from the illustration 
of an installation. 

Motors of 5 hp. or under are 
started with G. E. CR 1038 safety 
switches, except that thermaloads 
are added when used in case of re- 
mote control. 

All panel boards are made in the 
electrical department to fit the par- 
ticular operating requirements. When 
mounted the board shows the location 
of each motor connected in to it and 
the size of fuse to be used. This 
is checked frequently to see that 
the wrong size of fuse does not get 
into the panel board. These boards 
are kept locked and only an author- 
ized person has access to them. 

Power is purchased at 5,000 volts, 
60 cycles, three-phase and stepped 
down to 440 volts for power and 110 
volts for lighting service. Altogether 
about 625 motors ranging from ½ 
hp. to 250 hp. are installed in the 
plant. All motors are placed and 
removed by the mechanical depart- 
ment, but all connections or discon- 
nections as well as inspections, oil- 
ing and servicing are handled by the 
electrical department. 

All motors are inspected once, and 
some twice, a day. On his trip, the 
oiler feels the bearings, inspects 
belts, looks over all the grounded 


122 


These packing machines are ap- 
proximately 100 ft. long and all 
moving parts are carefully guarded. 


Here, as in other parts of the plant, 
all the machinery is set up from the 
floor so that it can be more easily 
eleaned underneath. Also, guards 
with sheet metal tops and expanded 
metal sides are used. These ma- 
chines fill the cartons with Post 
Toasties, close the box and seal it. 
As the boxes are discharged, they 
are packed into a large container 
which is carried on to the shipping 
room on the belt conveyor shown in an- 
other illustration. 


static connections, and listens for 


rubbing rotors. If he hears any 
sound, he immediately shuts down 
the motor and inserts a feeler be- 
tween the stator and rotor and if 
necessary the bearing is changed at 
the first opportunity. Also the oiler 
carries a flash light and looks into 
the bearings to see that the oil ring 
is turning. We have found that the 
ordinary oiler has a tendency to use 
too much oil rather than too little. 
We have also found that it pays to 
employ a higher grade man for oil- 
ing than is ordinarily found in an 
industrial plant. 

Once a year the whole plant 1s 
shut down and feelers inserted in all 
motors. Any that show evidence of 
wear have their bearings changed, 
as we do not want to risk a shutdown 
in the middle of the year while the 
plant is busy and operating 24 hr. 
per day. During this annual shut- 
down, the insulation on half of the 
motors is varnished each year. In 
that way, all the motors are gone 
over every two years. 

This careful inspection and annual 
overhauling has resulted in reduc- 
ing motor failures to such an extent 
that only fourteen motors required 
rewinding in a period of about three 
years. 
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These rewinds were due to: 
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This last failure was due to a piece 
of metal getting in between a rotor 
and stator. As a result of this an- 
alysis, motors driving cookers and 
other equipment where steam and 
water pipes are placed overhead are 
now provided with a helmet or shield, 
as shown in one of the accompany- 
ing illustrations. This will turn the 
water enough to protect the motor 
from any leaky connections. 

It will be noticed that none of 
these failures was due to bearing 
trouble. However, due to the careful 
inspection and our policy of remov- 
ing a bearing before it has an op- 
portunity to do damage, a possible 
forty-nine failures were prevented 
by removing that many worn bear- 
ings. An analysis of the cause of 


worn bearings shows that forty-one 
were due to natural wear, two to 
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tight belts and six to unknown 
causes. Due to the care taken of 
the motors and the inspections we 
have found it possible to get along 
with a comparatively small number 
of substitute motors. In no case 
have we more than one extra motor 
of any size or type. 

While these precautions are not 
ordinarily looked upon as safety 
practices, nevertheless, the security 
of continuous operation depends 
upon them. Without this care, it 
would be difficult to operate continu- 
ously. Interruptions in some parts 
of the process would result in a to- 
tal loss of the product. 


EDUCATIONAL ADVANTAGES OF THE 
PLANT SAFETY DEPARTMENT 


Even though all new work is care- 
fully guarded as best we know how, 
experience and time show up new 
hazards which had not been thought 
of. One good example of this was a 
hot return pipe line near a stairway. 
This was left unguarded as it was 
not where one would ordinarily 
touch it, although it was within 
reach from the stairway. How- 
ever, one day a man lost his bal- 
ance on this stairway, grasped the 
pipe and burned his hand. The pipe, 

(Please turn to page 160) 


Ladders and maintenance platform 
at the cooling screens and storage 
hoppers. 


The belt conveyors which receive the 
toasted corn flakes from the ovens 
on the floor above discharge them 
upon these cooling screens and stor- 
age hoppers. The storage hoppers 
fill the important function of secur- 
ing “balance,” the big problem in 
connection with any progressive 
manufacturing. Magnets over the 
conveyor belt remove any chance 
metallic purticles. In addition, many 
other magnets are installed, particu- 
larly ahead of the flaking process, so 
that there is no opportunity for 
metal to get into the rolls. Also, 
here are two of the many examples 
in the plant of permanent plat- 
forms and fixed ladders for protec- 
tion of millwrights and oilers. These 
are used here not only because of 
the saving effected in the time of 
skilled men but also from a safety 
standpoint. The flakes go from 
here to the packing machine on the 
floor below, shown in another illus- 
tration. 
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SAFETY SWITCHES occupy an important place 
among the devices which are employed in safeguard- 
ing the use of electrical energy in industrial plants. 
These switches are intended to perform certain func- 
tions and in so doing, to offer certain advantages 
over the use of open switches. The degree in which 
a safety switch meets these requirements depends on 
the care and skill with which it has been designed. 
In this article Mr. Housley enumerates ten essential 
features which a safety switch should possess and 
gives some valuable suggestions on mounting switches 


and other control equipment. 
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Practical Viewpoints 
on the 


Essential Requirements 


of Safety Switches 


With the Reasons Therefore and Suggestions on 
Mounting Them for Safety and Ease in Making 


Replacements 


By J. ELMER HOUSLEY 


Electrical Engineer, Aluminum Company 
of America, Alcoa, Tenn. 


ITH the rapid and wide- 
\ \ spread increase in the use of 

electrical energy in indus- 
trial plants, there have also been 
many advances in safeguarding the 
use of this energy in the industries 
coming under the writer’s observa- 
tion during the past fifteem years. 
Until about 1912 the motor switch 
and the other knife switches were 
usually exposed and all wiring was 
run open. Between 1912 and 1915 
some conduit was used and it would 
ordinarily be found encasing the ver- 


© 


tical leads running from the building 
feeder, mounted on the roof trusses 
or elsewhere overhead, down to the 
motor switch. During this period 
the open knife switch was encased 
within a wooden box which was made 
of generous size and lined with sheet 
asbestos paper. One of these wooden 
boxes is shown in Fig. 1. A mea- 
sure of protection was thus provided 
for the wiring most susceptible to 
damage and the: box was protected 
against the dangerous exposed 
switch. Injuries resulting from ob- 
jects carried by workmen striking 
the live parts of the switch and giv- 
ing the men a shock as well as short- 
ing the switch, and accidental closure 


Pump room compensator rack consisting 
of eight 50-hp. and two 15-hp. safety- 
switch and compensator units. Eight of 
the switches are 100 amp. rating and two 
are 30 amp., 500 volt rating. All switches 
are quick-make-and-break type. A tempo- 
rary feed line is shown entering main 
junction box. The permanent conduit 
lines enter the box at the back. The 
junction boxes above the switches, are for 
pulling and splicing wires and are ar- 
ranged to permit removal of any switch 
as a unit. One end of the conduit leading 
to the motor is bolted to the rack along - 
side the compensator. 


of the switch, had demonstrated the 
need of some protection. As the most 
commonly used building material 
was wood, the switchbox was made 
of wood. It represented a distinct 
advance in the art at that time and 
helped to reduce accidents and loss. 


WOODEN SWITCHBOXES WERE FIRE 
AND ACCIDENT HAZARDS 


Consider, however, for a moment 
just what happened during the pe- 
riod the wooden switchbox was in 
use. It provided a convenient place 
for the storage of lunches, waste, oil 
cans, and similar material possibly 
because the more timorous persons 
would not investigate the switch 
boxes. In time the oil cans would 
be pushed too far into the box and 
a short circuit across all leads would 
result; the workman was invariably 
seriously burned. Hot contacts would 
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set the waste and lunch papers on 
fire, and the box and the adjacent 
wiring would often be damaged be- 
fore the blaze was extinguished. 
Sometimes a very serious fire re- 
sulted. Occasionally in reaching into 
the box to operate the switch the 
workmen would grip the live switch 
blade instead of the handle, with un- 
pleasant if not always serious re- 
sults. Also, when operating the 
knife switches, if the men did not al- 
ways take care to see that the com- 
pensator was tripped off when the 
switch was opened or closed a flash- 
over between phases usually oc- 
curred, if the motor was large, due to 
the heavy arc across the contacts of 
the switch creating a metallic-vapor 
path for the current. With a large 
generating station furnishing the 
power a serious condition was cre- 
ated. This was not due to the use 
of wood boxes because the situation 
was worse when all switches were 
exposed, but the summary of condi- 
tions given above indicated the need 
for further safeguards. 

Early in 1916 several externally- 
operated, enclosed switches with steel 
boxes were installed and_ these 
switches eliminated about 75 per cent 
of the accidents mentioned above. 
The improved box in use today will 
go far toward reducing the remain- 
ing 25 per cent of accidents, where 
education and proper instruction of 
the operating men is given. All 
wood switchboxes then in service 
were replaced with the new switch 
and a great reduction in operating 
delays was noticed. Conduit wiring 
was used throughout with the steel 
switchboxes, with all metal parts of 
the system thoroughly grounded. The 
rapid deterioration of the open wir- 
ing and wooden boxes, together with 
the low scrap value when the equip- 
ment had to be moved and reinstalled, 
was eliminated by the use of a more 
metallic construction. 


PIPE FRAMEWORK REPLACED WOODEN 
PANEL AND SWITCH SUPPORTS 


This wiring had, up to 1918, been 
mounted on the same type of wood 
board which supported the previous 
layout of wood switchbox and com- 
pensator. We did not eliminate 
flashovers and short-circuits within 
the steel switch box, but the number 
and serious extent of burns suffered 
by the workmen were minimized. 
Occasionally the wood supporting 
board or panel would catch on fire 
from these short-circuits. A fur— 
ther improvement, therefore, sug— 
gested itself and beginning early in 
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1918 all compensators as well as 
starting switch panels were con- 
structed of 1%44-in. wrought-iron 
pipe. A very simple rack was de- 
veloped using three standard switch- 
board pipe fittings; the floor flange, 
pipe cross and single panel support. 
General views of this construction 
are shown in the headpiece at the 
beginning of this article and in Fig. 
4. Fora single or double switch and 
compensator rack, two vertical stan- 
dards, four cross pieces and two hori- 
zontal wall braces are regularly used. 
The bill of material for a single rack 
is as follows: 

2 pieces 1. -in. pipe, 7 ft. long. 

4 pieces 1½-in. pipe, 3 ft., 6 in. long. 

2 pieces,114-in. pipe, 1 ft., 6 in. long. 

4 No. 5171 “Three E“ floor flanges. 
10 No. 5186 “Three E“ pipe crosses. 


8 No. 1618 “Three E” single panel sup- 
ports. 


The pipe and fittings are carried 


as regular stock in the storeroom. 


Fig. 1—The old and the new types 
of safety switches, and the method 
of mounting them. 


The illustration at the left shows a 
wooden box enclosing an ordinary knife 
switch. The switchbox and compen- 
sator are mounted on boards nailed to 
4-in. by 4-in. wooden posts. Note the 
overhanging roof above the switch- 
box, to protect it from drip. At the 
right is shown a modern safety switch 
with compensator mounted below it. This 
switch is rated at 30 amp., 500 volts 
and controls a 15-hp. motor driving a 
rotating drying kiln. The conduits 
are arranged so that either switch 
or compensator may be removed and 
replaced in a few minutes, in order to 
cut production delays to a minimum in 
case of breakdown. The construction 
of the supporting pipe framework is 
clearly shown in this and some of the 
other illustrations. 
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Each rack has some slight variations 
in it and the exact dimensions are 
determined in the field to fit the loca- 
tion. Practically all of the vertical 
uprights are 7 ft. long. It is a simple 
matter to slide the cross members up 
or down to fit any size of switch or 
compensator. The height of switch 
and compensator is made convenient 
for the operator to reach. In groups, 
sufficient room is allowed between 
compensators to permit the installa- 
tion of a large compensator if it 
should become necessary. We have 
standardized on a certain make of 
compensator and use these with all 
makes of motors. We cannot use 
overload relays because of corrosion 
from chemicals. 

In the past five years the fireproof- 
ing of electrical supports and wiring 
material has proved its worth in pre- 
venting delays due to fire hazards. 
Building construction has likewise 
been changed to steel, brick and con- 
crete, giving maximum protection. 


DESIRABLE OPERATING FEATURES OF 
ENCLOSED KNIFE SWITCHES 


Returning to switch construction, 
at the period beginning in 1918 con- 
siderable attention was given to rem- 
edying the defects which were pres- 
ent in the prevailing types of 
switches. It was desired to make it 


necessary to close the switchbox door 
before closing the switch, and like- 
wise to open the switch before open- 
A type of 


ing the switchbox door. 
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Fig. 2—Details of distribution 
panel designed for ease in meter- 
ing and making extensions. 


Standard enclosed safety switches of 
400-amp. or 00-amp. capacity are 
mounted on panels supported on 
a strong, simple pipe framework. The 
busbars are supported on pipe- 
mounted bus insulators at the top of 
the framework. When desired a panel 
for one or more watt-hour meters 
may easily be attached to the frame- 
work. witchboard-type current 
transformers may be mounted in the 
leads between the bus and the 
switches, or a bus-type transformer 
may be inserted at the end of the 
bus in order to meter the entire dis- 
tribution center. The circuits are 
Givided, (1) according to the meter- 
ing necessary and, (2) so that no cir- 
cuit will be loaded beyond the capac- 
ity of a 600-amp. switch. When- 
ever the load on a circuit exceeds 
this value a section of bus is put in 
and a new circuit is run to take care 
of the additional load. 


door and latch was desired which 
would resist the explosive action of a 
short-circuit in the switch and not 
blow open, exposing the operator to 
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the hot escaping gases. A quick- 
make-and-break attachment was con- 
sidered necessary to prevent arc- 
overs when the switch was thrown 
in with a compensator left in the 
running position, and to prevent an 
operator from jogging a small motor 
with the knife switches. Several de- 
vices were developed in the field for 
attachment to the existing switches 
in order to keep the door shut when 
the switch was in and to prevent 
closing the switch while the door was 
open. This was done during the 
years 1918 to 1921. By the latter 
year the manufacturers of safety 
switches, having realized the need 
of the industries for greater safety 
in operation, had provided safety 
switches embodying in varying de- 
grees the protection desired. 

The writer has always used a com- 
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pensator type of fused switch with 
compensators, 60 amp. being the 
smallest switch used for this purpose. 
Before reviewing the protection de- 
sirable in a safety switch the condi- 


Fig. 3—Distribution panels like 
these combine simplicity and 
strength with ease of making ad- 
ditions and replacements. 


The buses at the top are supported on 
pipe-mounted bus insulators. The il- 
lustration at the left shows a small 
panel consisting of three 500-volt, 600- 
amp., enclosed safety switches. The 
two switches at the left supply 16-40 hp. 
individual motor drives on grinding 
mills. The switch on the right is for 
disconnecting the overhead bus from 
one source of energy. The bus can 
also be fed from an emergency source 
controlled elsewhere. Bo lines feed 
through the same current transformers 
located back of the right-hand switch. 
The illustration at the right shows five 
of six switches arranged as a distribu- 
tion panel. The switches are rated at 
500 volts, 600 amp. and supply six de- 
partment or group feeders. A feeder 
from the power house supplies the 
overhead bus. 
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tions to be met in the industry must 
be analyzed. Where processes must 
be continuous and where shutdowns 
without warning involve serious loss, 
as in the chemical and allied indus- 
tries, provision must be made for 
protecting material in process rather 


than have frequent stopping of mo- 


tors due to a close margin of over- 
load protection. Pumps and other 
equipment handling solids suspended 
in liquids should not be stopped in- 
stantly except in cases of short-cir- 
cuits in the motor or wiring which 
might cause an interruption to the 
building circuit or where an over- 
load indicates that the production 
machinery would be damaged seri- 
ously. Where overloads are due to 
bearing trouble and mechanical fric- 
tion or disarrangement of the drive 
the motors must be operated under 
heavy overloads until that immedi- 
ate part of the system can be cleared 
of material and the drive shut down. 

With this requirement in mind, 
fuse protection is used at the motor, 
owing to the fact that corrosion un- 
der some conditions renders overload 
relays inoperative and because of the 
dangers attending a “double ground” 
between the middle wires of two dif- 
ferent drives when on different 
phases, whereby the main building 
fuses will be blown. Building or de- 
partment circuits are subdivided at 
the load-center distribution trans- 
former banks, so that the maximum 
load on any one circuit will be within 
the capacity of a 600-amp. fused 
switch. These fuses protect the wir- 
ing between the distribution point 
and the motor fuses. The trans- 
formers and feeder cables are pro- 
tected at the power station bus by 
automatic oil switches controlled by 
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Westinghouse CO time-limit relays. 

The operating conditions in indus- 
trial plants are of necessity reflected 
in the design of all electrical equip- 
ment. Where chemicals in the form 
of liquids, vapor and solids are 
handled a certain quantity will get 
into the switches and equipment. 
Where steam is present high 
humidity results and during cold 
weather all metal and insulating 
parts are saturated with water and 
conducting chemicals. In such cases 
the selection of switches must involve 
due consideration and tests in the 
field as to what will happen under op- 
erating conditions. The writer has 
found that under severe conditions a 
long leakage path from live switch 
parts to ground is necessary on 440- 
volt, and desirable on 220-volt, serv- 
ice. The leakage current to ground 
is able to evaporate the conducting 
fluids, dry off the insulation and 
thereby stop the flow of current. The 
insulation must be such that it will 
not be affected by the local heat and 
will not char or carbonize, leaving 
á low-resistance path. The operat- 
ing mechanism of the switch should 
be able to resist corrosion to a cer- 
tain extent and be arranged so that 
the moving parts will not have large 
moving surfaces against stationary 
surfaces where corrosion could cause 


a locking action. The general wiring 


Fig. 4—These switches and com- 
pensators control motors which 
drive induced draft fans for the 
drying kilns. 

The switches are rated at 60 f. 500 
volts and the compensators at 25 hp. 
In order to save time for the operator 
in going from one motor to another 
when starting up or stopping, the 
switches are grouped and located so 


that all of the motors are in sight. 
The construction of the 
framework is shown clearly 
illustration. 


supporting 
la this 
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arrangement should be such that any 
one switch in a group may be re- 
moved and replaced without disturb- 
ing other switches. 


TEN ESSENTIAL REQUIREMENTS FOR 
SAFETY SWITCHES 


After installing and operating 
about 2,000 safety switches of vari- 
ous types the writer would suggest 
the following ten requirements which 
safety switches for use under severe 
operating conditions should possess: 

(1) The enclosing box should be 
of heavy gage sheet and should be 
capable of remaining in alignment 
over a long period of time. 

(2) Latching devices, hinges and 
operating devices should be strong 
and rugged. Many switches on the 
market could well be of more sub- 
stantial construction. 

(8) Theoperatin g mechanism 
should be designed so that corrosion 
cannot cause binding and failure to 
operate for that reason. Broad metal 
surfaces rubbing against each other 
should be avoided in the design. 

(4) A quick-make-and-break mech- 
anism is essential. Operation of the 
switch should be possible even with 
all spring parts broken. The switch 
should be capable of being forced 
closed in case pitted or dirty con- 
tacts prevent the quick-make spring 
from throwing the blades in full con- 
tact. 

(5) The method of insulating the 
crossbar of the operating mechanism 
and the type of insulation used 
should be of the highest order. The 
crossbar should be substantially fas- 
tened to the switch blades. The 
clearance between live switch parts 
and exposed metal in the switchbox 
should be as large as possible. 

(6) The door latch device should 
be especially strong to resist the ex- 
plosive action of short-circuits in the 
switchbox. The volume of the box 
should be such as to allow expansion 
of gases developed, and the box 
should not be sealed sufficiently 
tightly to prevent easy escape of 
the gases. 

(7) A slate switch base should be 
used, affording a relatively long leak- 
age path from live parts to ground. 
If the distance is short an arc is de- 
veloped where excessive moisture or 
chemicals are present; a long leak- 
age path allows the current to dry off 
the slate base. 

(8) The entire switch element 
with base should be removable from 
the front of the box without dis- 
mantling the enclosing box. 

(Please turn to page 161) 
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Changes That Have 
Taken Place in Bearings 
Beginning With the Primitive Devices Used by the 


Ancients and Including the Developments in Sleeve, 
Ball, and Roller Bearings Up to the Present Day 


By L. A. HILLMAN 


Research Engineer, Strom Ball Bearing 
Mfg. Company, Chicago, III. 


briefly the early stages of 

civilization, we find recorded 
as early as 3,500 B. C. a simple form 
of plain bearing in a wheel, the lat- 
ter probably being a slice of a tree 
trunk with a hole in the center. 
Later the design was brought more 
nearly to our present standard by 
the introduction of spokes, so that 
in 2,000 B. C. we find war chariots 
equipped with wheels having a hub, 
spokes and outer rim. 

In all probability both members 
of these early bearings were made 
of wood. The next step, although 
the definite date is not available, was 
undoubtedly the use of iron for at 
least one, and possibly both members 
of the bearing. 

With the advent of steel, iron 
boxes and steel shafts came into 
common use and for years no at- 
tempt was made to improve on this 
combination, which served admirably 
for the operating conditions in those 
early days. 

In 1839 Babbitt patented a bear- 
ing metal, which still bears his 
name, made of copper, tin and anti- 
mony. The development of plain 
bearings from then on is more or 
less familiar to all of you; so we 
can pass to the next in order of 
adoption; namely, roller bearings. 

Before leaving the subject I want 
to touch briefly on one recent depar- 
ture from the old school in connec- 
tion with plain bearings, which I 
feel is a very decided step in the 
right direction. I refer to the rap- 
idly growing tendency to provide 
perfectly fitted bearing surfaces 
having the correct clearance at the 
start through the medium of lapped 
shafts and burnished bearings, both 
finished to a high degree. This is a 
decided contrast to the old method 
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of scraping the bearing to the shaft, 
fitting it tight at the start and de- 
pending on the wearing down of the 
high spots to provide the proper fit 
and clearance. 

In the early ages masses that 
were too heavy to carry were trans- 
ported on sledges or runners—a 
method we still find in use today 
among primitive tribes. An ancient 
Egyptian painting on the rocks of 
El Bersheh (about 1,900 B. C.) 
shows this method of transporting 
a large stone statue. In this picture 
a man is shown pouring out lubri- 
cant in front of the sledge. The an- 
cients not only realized the necessity 
of lubrication but depicted it in their 


Fig. 1—Cup-and-cone bearings rep- 
resent an early stage in the devel- 
opment of ball bearings. 


At A is shown the type used in bi- 
cycles, about 1890. At B is shown the 
type first used in the front wheels of 
automobiles. For 19 the balls were 
placed loosely in the races as shown at 
the right of B, but later the retainer 
shown at C was develo to space the 
balls equally. This quieted the opera- 
tion of the bearing. 
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BEARINGS ARE SO com- 
monplace in our everyday 
life that it is very easy to 
overlook their importance 
and not appreciate just how 
much we are dependent on 
them. From the time we 
arise in the morning until we 
retire at night, we are con- 
tinuously dependent on 
them, not only in our busi- 
ness activities but our per- 
sonal ones as well. Taken in 
the order of their adoption, 
bearings are usually divided 
into three classes or groups: 
namely, sleeve, roller and 
ball. This article, which is 
an abstract of an address de- 
livered by Mr. Hillman be- 
fore a joint meeting of the 
Chicago section of the Ameri- 
can Society of Mechanical 
Engineers and the Western 
Society of Engineers, pre- 
sents the evolution of each of 
the three types of bearings. 
At this meeting there were 
also two other articles pre- 
sented on roller and sleeve 
bearings. These articles to- 
gether with the discussion 
developed at the meeting 
were reported in the January 
issue of INDUSTRIAL ENGINEER. 


carvings for the benefit of those who 
were to follow. A great many users 
of bearings today would do well to 
take a tip from the ancients and give 
more attention to proper lubrication. 

It is easy for us to conceive the 
next step: namely, interposing roll- 
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ers, probably made of tree trunks or 
limbs, between the ground and the 
skids. A carving found on rocks in 
Assyria (875 B. C.) shows how the 
ancients moved a large statue by us- 
ing rollers. A large number of roll- 
ers were used, showing that the ad- 
vantages of distributing the load 
over the greatest area was appre- 
ciated even in those early days. 
Roman battering-rams were moved 
on rollers in 50 B. C. It is interest- 
ing to note that the ancients appre- 
ciated the necessity of maintaining 
a space between the rollers and hold- 
ing them in alignment—something 
the later makers of ball and roller 
bearings were forced to learn over 
again. 

You are all familiar with the roll- 
ing device used on sliding doors 
where a roller runs along a track 
equal in length to the width of the 
door, while a pin at the center of the 
roller travels a track possibly a foot 
or so in length. This same device 
was used as a speed reducing device 
made in 1500 A. D. 

As in the case of the plain bear- 
ings, although the principles of roll- 
ers were understood and their ad- 
vantages appreciated, they were used 
only in crude ways until the latter 
part of the 19th century when de- 
mand brought about their further 
refinement and development. 

We find no reference to ball bear- 
ings in the early ages of civilization. 
Even though their advantages may 
have been appreciated, the early 
workmen were probably confronted 
with the same problem which per- 
plexed the experimenters in the 18th 
and 19th centuries: namely, that of 
making steel balls. Not until Hoff- 
man developed a process during the 
last few years of the 19th century 
for making steel balls to remarkably 
close limits of size, did the ball bear- 
ing really get its start. 

The oldest reference to ball bear- 
ings which the writer has been able 
to find is a patent for a ball-bearing 
wagon axle taken out in England in 
1794. This is especially interesting 
and was undoubtedly far ahead of 
its time. It is in many respects the 
Same as bearings designed as ideal 
100 years later. 

Another early application of ball 
bearings is the use of balls in a 
caster, to facilitate the turning of 
the caster roller around a vertical 
axis. A patent was taken out on this 
in England in 1820. It is interest- 
ing to note that the advantage of 
keeping the balls separated by means 
of a retainer was appreciated then. 


INDUSTRIAL ENGINEER 


Fig. 2—Full-type, spring-type, and 
Conrad-type bearings. 

At A is shown a full-type ball bearing. 
Only a very small clearance was left 
between the balls to prevent them from 
crowding and locking the bearing. The 
balls were assembled in the race 
through the filling slot shown at the 
top of the bearing. Details of the fill- 
ing slot are shown at B. At C is shown 
a ball bearing having a spring-type 
separator. D, E. and F, show the type 
of separator used in the Conrad type 
of ball bearing. At E is shown the 
method of putting the balls in the 
raceway. 


The next step in the development 
of ball bearings came soon after the 
invention of the bicycle and was in 
the form of cup-and-cone bearings. 
This type is still in use today, not 
only in bicycles and motorcycles but 
also in applications where the loads 
are not severe and where cost is a 
factor. In the early days of the au- 
tomobile many cars used them as 
front wheel bearings. For years the 
balls were placed loosely in the races, 
but later retainers were developed to 
space the balls equally and maintain 
their relative position to each other. 
These retainers served both to quiet 
the bearing in its operation and to 
facilitate the assembly and disas- 
sembly of the balls in the bearing. 

These two types are illustrated in 
Fig. 1. At A is shown the type used 
in bicycles; at B is shown the type 
use in front wheels of automobiles. 
The retainer with balls inserted and 
which is mentioned as a later devel- 
opment is shown at C. 
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Properly designed, installed and 
cared for, they served their purpose 
admirably. The one outstanding 
disadvantage is the fact that they 
are adjustable. Because of this their 
reputation suffered at the hands of 
those who did not understand their 
proper adjustment. 

Difficulty was also encountered 
because of the fact that proper steel 
from which to make the bearings 
was not available in the early days 
and it was also necessary to keep 
their costs down in order to compete 
with plain bearings. 

The first use of ball bearings in 
bicycles was in the early 90’s and as 
heretofore stated, these bearings 
were of the cup-and-cone type. The 
bearings were amply large for the 
service imposed and the results ob- 
tained contrasted so favorably with 
those experienced with plain bear- 
ings that immediately attempts were 
made to apply the same design to 
other and heavier forms of service, 
such as the wheels of heavy trucks, 
drays, and the like. Results were 
far from encouraging—some appli- 
cations worked fairly well; some 
were utter failures. 

Fortunately, the failures were an- 
alyzed as being due to improper ma- 
terials and design, and not to the 
basic principles involved; so that in- 
stead of dropping the problem as 
hopeless, those of vision set about 
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correcting the faults and attaining 
success. 

Hoffman went to England where 
he interested capital in the manufac- 
ture of balls and it was evident from 
the results obtained that balls of 
good quality and a high degree of 
accuracy could be made. 

In 1896 the German Small Arms 
& Ammunition Co. employed Pro- 
fessor Striebeck to investigate the 
subject of ball bearings, as they had 
decided to go into the manufacture 
of balls and ball bearings. 

Professor Striebeck’s work really 
marks the start of ball bearings as 
we know them today and much of 
their success is due to the fact that 
he did the task assigned to him with 
characteristic thoroughness. Many 
of his deductions have proven to be 
sound and still hold good today. 

The first bearings were of the full 
type, so called because the races were 
entirely filled with balls, a small 
clearance being left as shown at A 
of Fig. 2, so as to prevent the balls 
from crowding and locking the bear- 
ing. The balls were assembled be- 
tween the races by means of a filling 
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slot shown at the top of the race. 
This slot was ground not quite to the 
center of the ball track se that the 
slight shoulder over which the balls 
had to be forced served to prevent 
them from coming out when the 
bearing was in operation, or if the 
bearing should be mounted on a ver- 
tical shaft with the slot opening 
downward. 

This type of bearing was manu- 
factured by several companies for 
years and gave reasonably satisfac- 
tory service. Some bearings were 
made with a piece of steel inlaid in 
the filling slot and held in by means 
of a screw, for it was found that 
after the bearings wore in service 
there was a tendency for the balls 


Fig. 3—Angular-contact ty pe of 
bearing and types of bearings 
having patented features. 


At A, B, and C are shown angular- 
contact type, ball bearings. D is a 
self-aligning t which permits of a 
considerable degree of misalignment 
of the shaft. F is a single-row bear- 
ing with a 2-piece outer race re- 
tained by a soft steel shell spun in 
place. E is a double-row bearing in 
which the outer race is made in two 
sections and held in place with a soft 
steel shell spun down on the sides. The 
bearings shown at E and F have 
3-point contact of the balls and races. 
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to drop out of the filling slot. This 
scheme was soon discarded, however. 

The full-type bearings, aside from 
the filling slot objection, had several 
other disadvantages. Since there 
was a slight space between the balls 
the bearing was noisy in opera- 
tion for the same reason as was 
the cup-and-cone bearing, as has 
been previously explained. This was 
particularly true if the lubricant 
was of a thin grade. Since the balls 
were traveling in opposite directions 
at the points where they came in 
contact with each other, flats or 
equators were worn around their 
circumference after which they were 
unfit for satisfactory operation. 

Although it was appreciated that 
to provide a means to prevent the 
balls from coming in contact with 
each other, meant a few less balls 
and therefore a sacrifice of some 
capacity, the demand for a silent and 
more satisfactory type of bearing 
prevailed and various means were 
adopted to space or separate the 
balls equally around the race. 

It would be out of the question to 
cover all the types and kinds of sep- 
arators developed and it is probably 
unnecessary to discuss them as only 
a few have survived. 

One of the earlier types was the 
spring type shown at C of Fig. 2. 
This was finally discarded because 
after the tension of the springs 
weakened there was a tendency for 
them to drop out of the bearing and 


‘either allow the bearing to collapse, 


or else the springs lodged in some 
of the other parts of the mechanism, 
such as gears, and caused damage. 

Finally, cast bronze or sheet metal 
retainers were developed which were 
of unit construction and which, in 
addition to spacing the balls, had 
the added advantage of preventing 
the balls from dropping out of the 
filling slot. 

The Conrad type of bearing pat- 
ented in 1906 and 1907 is worthy of 
consideration because it is the best 
all-purpose radial bearing as yet de- 
veloped. The patent covered a bear- 
ing in which the inner and outer 
races were uninterrupted in any way 
and were of the same cross section 
throughout. It also covered the 
method of assembling the bearing. 
This bearing is shown at D, E and 
F of Fig. 2. The quantity of balls 
used was just enough to fill half of 
the raceway when the balls were 
placed in the raceway in contact with 
each other. 

To assemble the bearing the outer 
and inner races were placed in the 
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position shown at E of Fig. 2 and the 
balls put in through the opening at 
the bottom. The inner race was then 
placed concentric with the outer and 
the balls equally spaced. The re- 
tainer was then assembled the same 
as in any other type. 

Although it appears that the car- 
rying capacity of this bearing will 
be greatly lessened by the consider- 
able decrease in the number of balls, 
as compared with the filling-slot 
type, this decrease in capacity is 
not exactly in direct proportion be- 
cause the uninterrupted raceways 
of the Conrad type add decidedly to 
its ability to carry loads. Thrust 
loads in addition to radial are often 
carried on radial bearings and in the 
type with the filling slot, this causes 
ball interference with the edges of 
the filling slots, resulting in noisy 
operation and failure. These diffi- 
culties are not encountered in the 
Conrad type because of the uninter- 
rupted races that are provided for 
the balls to travel in. 

So today we have as survivors of 
the development of radial ball bear- 
ings, the cup-and-cone type, the full 
type, the notched type with retainer 
and the Conrad type, all of which 
have been explained. In addition we 
have the angular-contact type shown 
at A, B and C of Fig. 3, which is 
nothing more than a modification of 
the cup and cone—some designs are 
made so they are readily disassem- 
bled; others are held together by 
means of a slight shoulder. Practi- 
cally all of these are made in double 
row as well as single row types. 

There are a few types with pat- 
ented features. The first is a self- 
aligning type shown at D of Fig. 3, 
which permits of a considerable de- 
gree of misalignment of the shaft 
with the frame supporting the outer 
race of the bearing. 

At F, Fig. 3, is a type of single row 
bearing with a 2-piece outer race 
held in place by a soft steel shell 
spun in place. This type has 3-point 
contact of the balls and races, one on 
the inner and two on the outer race. 

At E, Fig. 3, is shown another type 
made only in the double row, in 
which the outer race is made in two 
sections and held in place with a soft 
steel shell that is spun down on the 
sides of the races. 

Early ball thrust bearings were 
made of two hardened steel plates 
with surfaces ground flat. The balls 
were held in proper position by 
means of a retainer. This type is 
still in use today where the loads are 
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light and where an inexpensive bear- 
ing is required. 

The first retainers were SO de- 
signed that the balls tracked in one 
single path. As this threw all the 
load on a very small area of the 
races, retainers as shown at A, B, 
and D of Fig. 4 were resorted to in 
order to distribute the area of con- 
tact as much as possible over the 
face of the race. 

It soon became evident that even 
with the new retainer, designs of the 
flat-disc type were not satisfactory 
for carrying heavy loads, especially 
at the higher speeds. So the next 
step was the grooved type. Many 
different kinds and types of retainers 
have been devised for use with this 


a 


Fig. 4—The ball retainers for thrust 
bearings were first designed so 
that the balls tracked in a single 
path. 


As this threw the load on a very small 
area of the race, the retainers shown 
at A, B and D were designed to dis- 
tribute the area of contact as much as 
possible. At C is shown the flat disc 
races first used with thrust bearings. 
These were replaced with grooved 
races as shown at E. is a pressed- 
steel type of retainer. G is a self- 
aligning thrust bearing that is also 
equipped with grooved races. 
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type of thrust bearing, but a 
pressed-steel type of the design 
shown at E of Fig. 4 seems to have 
proven the most satisfactory. 

Another source of difficulty with 
the early thrust bearings was traced 
to misalignment of the parts in 
which the bearings were mounted. 
One can readily see that in order to 
have the load equally distributed on 
all the balls at all times in a bearing 
such as shown, not only must the 
two outer surfaces of the bearing be 
parallel but the parts in contact 
with them as well. 

In order to overcome this trouble- 
some feature, the outer surface of 
one race of the bearing was made 
spherical as shown at G in Fig. 4. 
In most cases the manufacturer sup- 
plied an extra ring or seat which 
eliminated the necessity of the user 
turning a spherical seat in the part 
where the bearing was to be 
mounted. 

There is very little further to be 
said in regard to the development 
of thrust bearings. Some of the 
more intricate types are merely 


combinations of the simpler ones. 
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Things the equipment inspector for a manufacturer 
looks for and some of those that he finds 

Assured that he is going on a still hunt for trouble, 
where and how will he find it? 

His advice from the Boss is—Remem ber that 90 per 
cent of electrical trouble is mechanical—Beware of 
simplicity in looking for trouble—Be an engineer 


first, but a diplomat always 


Reminiscences of a 


Trouble Shooter for a 


Machinery Builder 


HAVE a friend, who is an erect- 
1 ing engineer with a large ma- 

chinery builder, whose knowl- 
edge I respect and whose experience 
I truly envy. He just knows what 
he knows and the best of it is that 
he is anything but tight with his in- 
formation. Furthermore, he knows 
how to impart it in a way that is 
easy to understand. To listen to him 
relate his tales of woe today and of 
bygone years places you in that 
frame of mind where you can picture 
some fast stepping around just 
where that action is required and a 
scowl and that “mind your own busi- 
ness” look when the inquisitive guy 
butts in with foolish questions at 
the wrong time, which time is usu- 
ally a period of deep thought and 
apparent concentration over a blue- 
print that is all wrong. 

Recently I got hold of this fellow 
whom we will call “Ed” for short and 
got him started on some memorable 
experiences and we sat, as many of 
you have done when you meet a real 
trouble shooter, and just ‘‘chewed 
the rag” over the worst jobs we ever 
tackled, and the things that were 
bumped into without intention, also 
sometimes with intentions and some 

doubts and guesses that were care- 
fully concealed. 

What Ed told me was so good in 
spots and places that I am going to 
set it down here as best I can from 
the notes that were taken as he went 
along from one thing to another. 


Sketches from an interview by 

In the beginning, as a starter I 
said, “Ed, tell me some of the things 
you look for when performing in the 
role of inspector, and some of the 
things you have found.” 

“Well,” said Ed, it has been my 
pleasure to have been on both the in- 
spector and inspected ends of such a 
detail. Before becoming an in- 
spector and being confined strictly to 
the inspected end, I often wondered 
what information these men looked 
for. Now I know. For the benefit 
of those who may be in the wonder- 
ing state of mind still, I will be glad 
to relate a few experiences of my 
own as an inspector for a manufac- 
turer. 

“For instance, I recently came in 
from an inspection job which had to 
do with the change-over from direct 
current to alternating current and 
the consequent sale of the direct- 
current apparatus, including switch- 
boards, buses, generators, and all 
the necessary apparatus that was in- 
stalled in a substantial, direct-cur- 
rent generating station. This appa- 
ratus had been in service for nearly 
12 years. The purchase price I do 
not know. Whether it was a small 
fraction of the original cost or the 
present-day cost, was immaterial to 
me from an inspection point of view, 


WHEN MAKING REPAIRS or re- 
placements R is often necessary to 
have some apparatus, part of a ma- 

ine or even a whole plant, in- 
spected by a competent engineer 
from the manufacturer’s engineer- 
ing department. The fellow who 
is assigned to such work has no 
easy job, for he must be a good 
engineer, first, a man with prac- 
tical experience, second, and a 
good-natured diplomat all the 
time. He must listen and say 
nothing sometimes and say noth- 
ing and be deaf at others. But 
never can he give up on a job and 
say he’s stuck. He may go back to 
his works for additional blueprints 
or special instruments but his self- 
respect and his confidence to do 
the job must never permit him to 
leave a job until it is operating 
free from the troubles he was 
called to investigate. The things 
that I have related in this article 
are no fairy tales; they have actu- 
ally happened just as set down 
and been handled by a real trouble 
man who meets all the qualifica- 
tions above enumerated. To those 
who have a perfectly good reason 
to want it, I shall be glad to fur- 
nish the address of this trouble- 
man, but for the time being he is 
just my good friend who has told 
me these things in confidence and 
for the benefit of those who are in 


a position to profit by the infor- 


mation. If it bores anyone else 
they don’t have to read it. More- 
over, if it steps on the toes of any 
one, they don’t have to holler nor 
tell who they are. 


but I did know that about 1,500 miles 
away was a buyer who knew that this 
apparatus had been in active service 
for nearly 12 years and if he was in 
any sense of the word a practical 
man, he could build all kinds of illu; 
sions as to the condition his purchase 
might be in. 

“An inspector must keep many 
things in mind on such a trip. In 
this particular place the firm selling 
the material was our customer. The 
purchaser had no connection with us. 
A biased report favorable to our cus- 
tomer would make us responsible for 
defective machinery and also lose 
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the possibility of securing the second 
party as a customer in the future. 
On the other hand, should the ma- 
chinery be in such condition that an 
unfavorable report would be neces- 
sary, the inspecting engineer would 
have to be very tactful lest the actual 
customer and the prospective cus- 
tomer be lost. In all events, it is 
better that the inspecting engineer 
be as ignorant as possible of the 
monetary considerations and confine 
himself to engineering only—unless 
diplomacy can be considered within 
the scope of our profession.” 

“I have never been on the inspect- 
ing end,” I told him, “but always on 
the inspected end, as you call it, and 
I know that you people who have 
something to sell sometimes run up 
against some tough customers. Tell 
me something about the kind of re- 
ception you get when you arrive on 
the job.” 

Then with a twinkle in his bright 

eyes, Ed started in: “You know, that 
old quotation of school days occurs to 
me now and if my memory serves me 
eorrectly, it goes as follows: ‘Me- 
thinks the gentleman explains too 
much’—leastwise that is the applica- 
tion I mean it to imply. And how 
well it applies to contact with people 
who have something to sell, espe- 
cially those who are particularly de- 
sirous of making a sale and more 
especially to those who would like to 
get the better of the bargain. 
„One type of customer friend 
meets us at the train, takes us to the 
hotel, then to his office and from that 
time until we leave he or his lieu- 
tenants are right with us to explain 
this or explain that, or as the case 
may be, to condemn this or that as 
the occasion demands. It is mostly 
praise and take it from me, they do 
it to perfection, but the engineer 
makes his report notwithstanding. 
Then we meet another type of cus- 
tomer friend who extends a friendly 
greeting, chats a bit and then goes 
about his business, either to show us 
the apparatus in question or turns us 
over to his lieutenants with instruc- 
tions to assist us all they can or with 
no word to them at all, if he believes 
them capable of assuming their re- 
sponsibilities. 

“From this you may assume that 
there are two kinds of persons and 
they are the ones that I have listed 
above. In the first case the person 
may turn out to be a real, good, like- 
able chap who has a misconceived no- 
tion as to helping in lending a hand, 
while the second may assume his 
rather distinguished business air 
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and then have a nicely prearranged 
schedule to get something on the in- 
spector to cause his report to be er- 
roneous. 

“Now, an engineer is human and 
is likely to err, but not to my knowl- 
edge have I met, or do I know, a 
competent engineer who would make 
a biased report. In the first place, 
a good engineer would place his engi- 
neering ability above anything that 
would at some future date be of 
hindrance to his ambition and, be- 
sides, I think all of us possess that 
little spark of celestial fire called 
‘Conscience’. But errors are still 
liable to creep in and my purpose in 
mentioning this is to point out that 
if an error is made, it can in all 
probability be charged to an over- 
sight in the great majority of cases; 
to lack of engineering ability in the 
second place; and last, but not the 
least, to misleading items that have 
caused a poor report. The last can 
be charged to the engineer. Gener- 
ally speaking, engineers representing 
a manufacturer are men with good, 
practical engineering ability, capable 
and self-reliant. They have a good 
understanding of human nature and 
are four-square.“ 

“Besides the operating conditions 
and facts you find, what else do you 
think an inspector should include in 
his report?” I asked. 

“I am glad you mentioned that,“ 
Ed replied, and I can best answer 
the question by again referring to 
the things I ran into on the particu- 
lar job already mentioned. When I 
was called in to make that inspection 
I was greeted as one gentleman 
would greet another, given a pass to 
go anywhere in the works, told from 
whom I might obtain particular in- 
formation and where I might find 
these persons. To make errors less 
liable the names were written on the 
pass and I was further instructed 
to get about the huge plant without 
getting in all the dirt. 

“The master mechanic was found 
in the building I was directed to 
and after giving introductions to a 
part of his immediate force, he lo- 
cated the chief electrician and in 
the unobtrusive company of these 
two gentlemen, a complete inspec- 
tion was made. 

„As stated before, these units were 
in active service nearly 12 years; 
sometimes (as explained by the 
chief) as long as four months with- 
out a shutdown, and the condition I 
found them in was just as they had 
been shut down about six months 
previously when the plant was 
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changed to alternating current. The 
equipment was dirty in many re- 
spects—a dirt that could easily have 
been cleaned off since the units were 
last shut down—but underneath 
were signs that indicated that the 
exterior where operating cleaning 
was possible, was not a sham. In 
other words, it showed all care and 
consideration that could possibly be 
given a continuously-operating piece 
of machinery. 

“The commutators were in excel- 
lent condition, turned twice, brushes 
accurately fitted and showing signs 
of good service, bearings had 0.010 
in. clearance on the original set, with 
a good, clear oil coming from them, 
foundation good, all bases and ped- 
estals securely bolted and shimmed, 
switchpoints, busbars and other mov- 
able contacts not burned, in clean 
condition, ete. 

“The above indicates that a fur- 
ther account of this would be monot- 
onous, for other equipment and 
parts were as indicated in the fore- 
going, just as the units were shut 
down and no attempt made in word 
or work to make the machinery ap- 
pear to be anything other than it 
was: namely, good machinery that 
had given good service, the kind of 
service the engineers did not like to 
part with. 

“Let us now look behind the 
scenes, as the inspector always does. 
Here was the master mechanic in 
his place; the chief electrician about 
his business, but easily called. Both 
of them were confident and capable- 
appearing men. A talk with their 
operators disclosed the fact that 
they had been in their positions for 
a number of years. A trip about 
the works showed that everything 
seemed to be in its place, machinery 
operating satisfactorily with mini- 
mum noise and apparently repairs 
were well made by understanding 
workmen. Harmony and satisfac- 
tion seemed to be the predominant 
factor in men and machines and this 
was borne out by the mute testi- 
mony of the apparatus that they had 
for sale. Could one believe the ma- 
chine’s appearance if anything but 
harmony was apparent? And is not 
this information worth just as much 
in an inspection report as cold engi- 
neering data and conditions as 
found?“ 

“But all the plants you inspect 
are far from that condition, I im- 
agine from what I have seen, I in- 
terjected. 

“You are dead right,” said Ed. 

(Please turn to page 161) 
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PROTECTION AGAINST DUST, safety and 
lubrication are the three principal reasons for 
using a casing around a silent-chain transmis- 
sion. Safety includes not only protection for 
the hands of the workers, by excluding them 
from between the chain and sprockets, but 
also the prevention of possible damage to the 
equipment by keeping wrenches and other 
metal objects out. Construction of some of the 
various types of casings and methods of lubri- 


cation are taken up in this article. 


Practical Methods of 


Enclosing and Lubricating 
Silent Chain Drives 


To Obtain Long Life and Continuous Operation 
With a Minimum of Attention When Installed in 
Industrial Plants for Connecting Motors to 


Machines or Lineshafts 


By PAUL WHEELER 
Engineer, Link-Belt Co., Cleveland, Ohio 


HEN considering the instal- 
\ Ñ lation of a new power trans- 
mission system or the re- 
placement of an existing one, silent- 
chain drives possess qualities that 
merit consideration. Silent-chain 
drives were originally designed for 
power transmission where neither 
belts nor meshed gears were prac- 
ticable. However, they have com- 
pletely outgrown this limitation in 
industrial usage and are today em- 
ployed in many plants for power 
transmission service. 
During the period of development, 
however, silent-chain drives were not 


installed where excessively abrasive 
atmospheric conditions were en- 
countered, such as in clay-working 
plants, cement mills and other simi- 
lar industries, until the universal ap- 
plication of the drives had been 
proven. The result was the slow 
recognition of the necessity of dust- 
proof, oil-tight casings for the drives 
when used under such conditions. 
However, the necessity for such a 
casing is frequently underestimated 
by users who have in many cases 
failed to enclose the drive in a casing 
when the installation was to be 
made in a grain elevator, cement 
mill, brick plant or other unusually 
dusty place. 

There are three underlying rea- 


The casing is built up here by welding the 
corners with the oxyacetylene flame torch. 
It is not necessary to use angle iron to 
strengthen the casing, if it is properly 
welded. 


sons why users of silent-chain drives 
should insist on proper casings for 
this type of power transmission 
equipment. These reasons are: (1) 
To keep out dust; (2) to retain oil; 
(3) to increase safety. 

The reason why it is necessary to 
keep out dust is obvious. Under 
many industrial conditions, the air is 
filled with hard, gritty and abrasive 
dust. Its action might be likened to 
an abrasive compound mixed with a 
little oil. This dust proves very de- 
structive to the chain and causes cut- 
ting into the joints, side cutting of 
the links and occasionally causes the 
pin to protrude. This latter occur- 
rence is often spoken of as the 
“lengthening of the pin“ by users 
who are not familiar with the cause. 

The necessity of using a casing to 
retain the lubricant is equally obvi- 
ous, and equally important. Silent- 
chain transmission requires lubrica- 
tion. This can be accomplished by 
either periodic applications with a 
brush, or by the use of an oil bath 
into which the chain dips at all 
times. The latter is by far the bet- 
ter method and is a_ safeguard 
against neglect. If properly made 
of substantial material and with 
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welded corners, the dustproof casing 
is oil tight as well. It is this dual 
combination that is most effective 
and efficient. As a very successful 
Ohio manufacturer puts it: “I 
would no more think of putting a 
silent-chain drive in my plant with- 
out a real casing than I would at- 
tempt to wear my Waltham watch 
without the casing provided for its 
works.“ 

The third factor, which is equally 
as important as the other factors, is 
that of safety. Open transmission 
units of any kind need adequate 
guarding to prevent injury to hands 
or other parts of the body. Oilers 
in particular need protection be- 
cause they frequently work from lad- 
ders or in places difficult of access, 
where a slip might be serious or even 
fatal. Also, there is the possibility 
of a chain or belt breaking and caus- 
ing damage or injury. Adequate and 
proper safeguards prevent accidents 
by making them impossible. Also, it 
must be remembered that guards 
which will keep fingers out, will also 
prevent wrenches, oil cans, bolts, 
nuts or other loose pieces of metal, 
which might cause serious damage, 
from getting in between the chain 
und toothed wheels. Many state and 
industrial insurance company codes 
,equire such safeguarding. In such 
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cases it is but little more effort to 
build an enclosing safeguard which 
will also exclude dust and facilitate 
lubrication. Properly-guarded silent 
chains are as safe as other means of 
power transmission. 

Some mechanical engineers hold 
that a silent-chain drive can be op- 
erated without oil. Salesmen are 
frequently asked: Can your silent 
chains operate without oil?” Cer- 
tainly; but it is a principle of prac- 
tical mechanics that any chain or 
other moving part will run better, 
last longer and require less atten- 


Four steps in the manufacture of a 
casing for a silent-chain drive in 
the Link-Belt Company shops. 


The first step is obviously to lay out 
the casing according to its size and 
shape. This is determined by the dis- 
tance between the center line of the 
driving and driven shafts, by the 
diameter of the sprockets plus the 
thickness of the chain installed plus the 
additional amount of clearance required 
as given in the text. The machine at 
the upper left shows a method of trim- 
ming pieces of sheet steel to a curved 
line. In case a shop does not have a 
machine of this kind, the gage of metal 
used is not so heavy but that it can be 
trimmed in other ways. Practically 
every industrial pg doing any metal 
work whatever has bending rolls simi- 
lar to those shown in the illustration in 
the upper right. Here the operator is 
curving the center half of a casing. 
The lower right illustration shows how 
the inlet or inspection flange is soldered 
on by hand. The view in the lower 
right is of a general arrangement of 
the shop and shows the construction of 
a number of large and medium-sized 
chain casings. 
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tion, if it is operated with a proper 
supply of oil, in a dustproof, oil-re- 
taining casing, than if it operates ex- 
posed and with little or no oil. All 
air contains some suspended dust, 
particles of which eventually settle 
on a chain, particularly if the chain is 
oily. 

Silent chains, regardless of make, 
are composed of links and joints and 
usually operate at high speeds. Si- 
lent-chain drives are lubricated most 
satisfactorily when equipped with 
an oil-retaining and dust-tight cas- 
ing, as assurance that such lubrica- 
tion will be available at all times. 
Some of these casings and their 
method of construction are shown in 
the accompanying illustrations. 

Ordinarily we recommend the use 
of Gargoyle drive-case oil for prac- 
tically all types of installations. This 
is equivalent to 600-W oil. This 
grade of oil we have found satisfac- 
tory under practically any operating 
oonditions of temperature or humid- 
ity. Dust-tight casings are relied 
upon to exclude moisture in damp 
surroundings and also abrasive mate- 
rial in dusty surroundings. 

Where dustproof casings, made by 
the manufacturer of silent chains, 
are used the lubricant generally 
needs to be changed only about once 
a year. Under exceptional conditions 
OF ee 
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it may be necessary to change the oil 
more frequently. Since the repair 
shop or sheet-metal shop of the av- 
erage industrial plant does not have 
the equipment or the facilities for 
making casings as dustproof as does 
the manufacturer it is better to 
change the oil as frequently as every 
three months when home-made cas- 
ings are installed. This is easily ac- 
`. complished by draining off the old 
oil through the bottom drip plug and 
replenishing with new oil through 
the inspection slide or cap at the top. 
It is seldom necessary to use a light 
oil, such as gasoline, to wash out the 
casing. If it should be used it is not 
advisable to pour it on the chain as 
the light oil washes the lubricant 
out. Also, any light oil remaining in 
the casing dilutes the lubricant and 
so decreases its value. 

The usual methods of lubrication 
are either by the splash system, in 
which the chain sprockets and chain 
are slightly submerged in oil, or by 
the use of a disc or sling, which 
throws the oil to the top of the cas- 
ing from which it drips onto the 
chain. The former is usually used, 
but when the motor shaft is consid- 
erably lower than the driven shaft, 
the oil will pocket in the small end 
of the casing. In such cases, the 
disc type, as shown at the bottom of 
the page is used. It will be noted in 
this illustration that the disc auto- 
matically dips into the oil reservoir 
and throws the oil against a V-splash 
plate on the inside of the top. The 
oil drips down onto the chain and 
so provides a constantly uniform lu- 
brication for as long time as the 
drive is in operation. 
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Two types of casings for use with 
silent-chains. 


The general idea of how casings may 
be built up is shown from these two 
drawings and the cross-section view 
reproduced at the bottom of the page. 
By means of the adjustable oil seals, 
it is possible to take care of any slight 
vibration during operation. The method 
of lubrication by means of a sling disc 
is shown in the illustration at the bot- 
tom of the page. In other cases the 
chain dips into the lubricant during 
operation. os 


4 


Casings, broadly speaking, are 
spoken of as either rigid or flex- 
ible according to the type of seal at 
the shaft openings. Those of the 
rigid type, as illustrated at the bot- 
tom of the page, are used mainly on 
fans, or where the load is smooth and 
there is little vibration. Casings of 
the flexible type, as shown at the top 


An example of the rigid type of casing and 
one method of lubrication. 


Rigid-type casings are commonly used on fans 
and where the drive operates with little vibration. 
This casing is provided with an eccentric óil 
seal on the motor or driving end which permits 
adjustment or motor take-up without inter- 


fering with the casing-support, or without losing 
the sealing feature at the shaft. The illustration 
at the left shows the construction of a casing. 
In this disc or sling type of lubrication the disc 
dips into the oil and throws it onto the cone- 
shaped section in the top of the casing from 
which the ofl drips down on to the chain. 


rolled steel) 
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of the page, are more generally ap- 
plied where there is a noticeable vi- 
bration. In either case these casings 
are equipped with an eccentric oil 
seal on the motor or driving ends, 
which permits of adjustment or mo- 
tor take-up, without interfering with 
the casing supports, or losing its 
sealing feature around the driving 
or driven shafts. 

These casings are of substantial 
material (about 12- or 14-gage, hot- 
with welded corners. 
It requires a rugged construction of 
this kind to successfully withstand 
the vibration and rough usage, and 
to prevent bulging and warping. 
There should be a greater insistance 
on the part of silent-chain users de- 
siring casings, for those coverings 
which are ruggedly constructed. 
Only in case of necessity is it advis- 
able to allow a local tinsmith or 
blacksmith to construct the casing, 
as he seldom has the ability, experi- 
ence, or equipment to do the work 
properly. Also, it is difficult to get 
him to appreciate the importance of 
a good job. Poor casings have actu- 
ally ruined an otherwise good chain 
drive installation. 

However,,the practices used by the 
Link-Belt Company in the construc- | 
tion of casings may be of value to an 
industrial plant which prefers to 
make its own. Ordinarily, we rec- 
ommend 14-in. clearance in width on 
each side of the sprockets and from 
3-in. to 7-in. clearance at the ends 
of the sprockets with chains at- 
tached. This varies according to the 
size of the casing constructed. The 
casings are constructed by breaking 
and bending the sheets and welding 
the corners, edges and drip-plug at 
the bottom and the inspection open- 
ing on the top. Angle iron is not 
necessary to form substantial cor- 
ners; good welding will make the 
corners strong enough. Casings are 
made split so that they may be in- 
stalled or removed easily. This 
makes their construction easier as 
they can be welded on the inside as 
well as on the outside of the seams 
at the corners. 

Recognition of silent-chain drives 
in power transmission in industrial 
plants has come strictly on merit. 
However, such recognition would be 
all the more definite and well defined 
if the users of silent chain will prop- 
erly enclose and lubricate their in- 
stallations. This simple expedient 
will enable this type of transmis- 
sion to give the maximum in service 
with the minimum in required atten- 
tion and expense. 
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Windings That Have 
One Bar Per Slot 


Including the Manner of Making the End Con- 
nections and the Use of Long and Short Bars To- 


gether With Typical Winding Layouts 


By A. C. ROE 


Renewal Parts Engineering Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 

N THE first article in this series 
on “Windings Having One Coil 
Per Slot,” which appeared in 

the January, 1925, issue, it was 
pointed out that such windings are 
given that name because they have 
only one coil side in each slot. It was 
also developed that such a winding 
would of necessity be single-layer in 
the slot section, inasmuch as the slot 
can contain only one layer of coils. 
The coil ends, however, can be ar- 


WINDINGS having only one 


bar per slot are used princi- 
pally in machines where 
large current-carrying capa- 
city is required, such as the 
rotors of large induction mo- 
tors and the stators of turbo- 


generators. This article, 
which is the second of a 
series of articles, discusses 
the uses of these windings in 
induction motors. A succeed- 
ing article will discuss their 
use in turbo-generators. 
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Fig. 1—This is a wave-wound, one- 
bar-per-slot winding used on the 
rotor of a large induction motor. 
Long and short bars are used alter- 
nately so as to secure two ranges for 
making the involute end connections. 
A close-up view of this winding is 
shown in Fig. 4. 


ranged in two or more layers. These 
windings are used principally on the 
older types of high-voltage motors 
and generators. 

The previous article pointed out 
the various forms that one-coil-per- 
slot windings may take, such as the 
concentric chain, basket, diamond, 
and involute types of windings. The 
windings described, although having 
only one coil side per slot, had more 
than one conductor in each coil; that 
is, each coil consisted of more than 
one turn. We will now take up one- 
coil-per-slot windings in which a coil 
side consists of only one conductor; 
that is, a coil side would consist of 
one bar, and, therefore, each slot 
would contain only one bar. These 
windings are used principally in ma- 


chines where heavy current-carrying 


capacity is required, such as the 
rotors of large induction motors and 
also in turbo-generators. 

Windings having one bar per slot 
use long and short bars in the slot 
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section and use the involute type of 
end connectors to form lap or wave 
windings, as required. Fig. 2 shows 
a machine having a one-bar-per-slot 
winding in both the stator and the 
rotor. In both cases, as can be seen 
by inspection of the illustration, in- 
volute-type end connections are used. 
Both the stator and the rotor of this 
machine are lap-wound. 

In the preceding paragraph it was 
said that the bars in the slot section 
are of two lengths, a long bar and a 
short bar. This can be seen in Fig. 1. 
A close-up view of this same winding 
is shown in Fig. 4. Notice the use 
of the extra long bar for the con- 
nectors. Sometimes, instead of using 
the long and short bars, so as to ob- 
tain the space required for making 
the involute end connection, the bars 
are staggered, as shown in Fig. 3. 
In this case, the bars are of the same 
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Fig. 2—Lap-wound, one-bar-per- 
slot windings are used on both the 
stator and rotor of this induction 
motor. 


The end connections on both windings 
are of the involute type. 


length, alternate bars being pushed 
to the right or to the left. Fig. 3 
shows a wave winding. | 
A two-pole, two-phase motor hav- 
ing a one-bar-per-slot winding and 
using involute end connectors is 
shown in Fig. 10. In this winding 


Figs. 3 and 4—Two ways of obtain- 
ing two ranges on one-bar-per-slot 
windings. 


In Fig. 3 the bars are of the same 
length. As can be seen, the bars are 
staggered so that in one slot the bar 
extends farther on the right-hand side 
and in the next slot the bar extends 
farther to the left. This machine is 
wave-wound. In Fig. 4 two ranges are 
secured by using long and short bars 
alternately. Fig. 4 is a close-up view 
of the winding shown in Fig. 1. 
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the bars are all of the same length. 
The end connections are made in 
two ranges, being out on one side 
and in on the other. The winding 
diagram is shown in Fig. 11. It will 
be noticed that each phase is split 
into two concentric groups of coils. 
The winding diagram shows the com- 
plete connection for the A phase 
only. This winding has 120 slots, 60 
slots per pole, and 30 slots per pole 
per phase, inasmuch as it is a two- 
pole, two-phase motor. The A phase 
is started at A4, and connects to the 
front end of the bar in slot 1. The 
winding then continues across the 
rear to slot 32, across the front to the 
slot adjacent to slot 1, that is, slot 
120, and so on through the coils of 
the concentric group. The concentric 
group ends in slot 46. This group is 
connected to the second group by 
means of the jumper XY. The sec- 
ond concentric group starts at the 
front of slot 106, then goes across 
the back to slot 47, thence across the 
front to slot 105, and so on thréugh 
the group ending in slot 61, which 
is the A: lead. 

The starting lead for the B phase 
falls in slot 91, and the finishing lead 
of the B phase falls in slot 31. 

In four articles on “Laying Out 
Wave Windings” in the September, 
October, November and December, 
1924, issues of INDUSTRIAL ENGI- 
NEER, a number of rules were devel- 
oped for use in laying out wave 
windings. These rules also apply to 
wave-wound, one-bar-per-slot wind- 
ings. 

Let us consider a few layouts of 
windings having one bar per slot. In 
Fig. 5 is shown a three-phase, series- 
star winding having four poles and 
three sections instead of the usual 
six sections. 

In accordance with the rules re- 
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Figs. 5 to 9—Here are 
typical wave-winding lay- 
outs for one-bar-per-slot 
windings. 

In Fig. 5 is shown a three- 
phase winding having four 
poles, 24 slots, and three sec- 
tions. Each section has four 
coils. This type of winding 
groups the end connections 
and has a minimum number 
of leads, inasmuch as no re- 
versing jumpers are required. 
Fig. 6 shows the first phase 
of a three-phase, six-pole 
winding, having 54 slots and 
27 coils. Each phase has two 
sections, the first section 
having six coils and the sec- 
ond section three coils. The 
complete diagram with the 
phases connected series-star 
is shown in Fig. 7. Fig. 8 
shows the same winding ar- 
ranged in three sections, or 


one section per phase, each 
section having nine coils. 
The start and finish of the 
phases are shown and also it 
can be seen that the phases 
start with long bars and fin- 
ish on short bars. It will be 
noticed that the bars are 
grouped in sets of three, that 
is, three long bars are fol- 
lowed by three short bars 
and so on. This layout has 
fewer connections than the 
one shown in Fig. 7 as it 
eliminates the reversing 
jumpers. In Fig. 9 is shown 
the layout for a two-phase 
winding having 12 poles, 48 
slots, and 24 coils. The bars 
are grouped in sets of four, 
each set being staggered 
somewhat in the manner 
shown in Fig. 3. There is 
only one section in each 
phase; consequently each 
section contains two series 
of six coils each. 
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ferred to in the preceding paragraph 
the phases are started in slots 1, 9 
and 17. Let us start the A phase in 
slot 1. 

The bar in slot 1 is connected 
across the back to the bar in slot 7, 
and this bar is connected across the 
front to the bar in slot 13, which in 
turn is connected across the back to 
the bar in slot 19. The front end of 
the bar in slot 19 is connected to the 
front end of a bar in a slot which is a 
distance equal to a short pitch away, 
that is, in slot 24. The winding then 
continues through the second series 
of coils in this section; it continues 
through slots 24, 6,12 and 18. The 
front end of the bar in slot 18 is con- 
nected to the star point. 

It will be noticed that two lengths 
of bars are used in this winding. 
The winding starts on a long bar, 
then goes through a short bar, and 
continues alternately through a long 
bar and a short bar. This is done 
so as to provide two ranges in which 
the involute end connections may be 
made. The involute connectors over- 
lap each other so that the top half of 
the connector is connected to the long 
bar and the bottom half of the con- 
nector is connected to the end of the 
short bar. 

The overlapping of the involute end 
connectors can be seen in Fig. 3. In 
the diagram the top halves of the 
connectors are shown in full lines 
and the bottom half of the connectors 
is shown in dotted lines. 

This style of winding groups the 
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end connectors and has a minimum 
number of leads. 
A three-phase, one-bar-per-slot, 
wave winding having six poles, 54 
slots and 27 coils is shown in Fig. 6. 
Since there are 27 coils and three 
phases, there will be nine coils per 
phase. In this winding, there are 
two sections per phase; hence six 
coils are put in one section and three 
coils in the other. In Fig. 7 the first 
section is shown complete. As can 
be seen, the phase starts in slot 1 
and continues through the first series 
of coils to slot 46, where it is con- 
nected by a short pitch to the second 
series of coils starting in slot 53. It 
continues through this series of 
three coils to slot 44. This is the end 
of the first section of this phase. By 
means of a reversing jumper the 
front end of the bar in slot 44 is con- 
nected to the start of the second sec- 
tion; that is, the front end of the bar 
in slot 36. The winding continues 
through the second section of three 
coils and ends in the bar in slot 45, 
the front end of which is connected 
to the star point. 
Long and short bars are used al- 


ternately in this winding in order to 


Figs. 10 and 11— This is a lap- 
wound stator using bar conductors 
arranged in four concentric groups. 


This machine is rated at 125 kva., 480 
volts, 3,600 r.p.m., 60 eg two-phase 
and is made by the Burke Electric Co., 
of Erie, Pa. It has 120 slots, each of 
which contains only one bar. There are 
60 slots per pole and 30 slots per pole 
per phase. In the wiring diagram 
shown in Fig. 11 is given the connec- 
tion scheme of the winding. 
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secure two ranges for making the 
end connections between bars. 

Fig. 7 shows the completed dia- 
gram for this winding. In connect- 
ing the phases a series-star connec- 
tion has been used. 

In Fig. 8, this same winding has 
been arranged with three sections 
instead of six, each section of which 
has nine coils. In this diagram 
the start and finish of the phases are 
shown, also it can be seen that the 
phases start with long bars and fin- 
ish on short bars. Also it will be 
noticed that the bars are grouped in 
sets of three; that is, three long bars 
are followed by three short bars and 
so on. With this arrangement of 
this winding, no reversing jumpers 
are required. 

A two-phase winding, using bars 
all of the same length, is shown in 
Fig. 9. This winding has 12 poles, 
48 slots and 24 coils. It is wound in 
two sections. The bars are grouped 
in sets of four, each set being stag- 
gered somewhat in the manner that 
the bars are staggered in the ma- 
chine shown in Fig. 3. As has been 
said, there are only two sections in 
this winding; that is, each phase is 
complete in one section. Each section 
of coils has two series, each series 
contains six coils. 

In a succeeding issue the final ar- 
ticle of this series on, “Windings 
Having One Coil Per Slot,” will be 
given. The final article will treat of 
one-bar-per-slot windings as used in 
turbo-generators. 
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N ITEM in a recent is- 
sue of the Studebaker 
Employees’ Magazine car- 
ries a thought on prevent- 
able plant leaks and wastes 
that we want to pass on 
to our readers. It read as follows: 

Whether you waste water, oil, gas, air, or electricity 
by failing to shut off these supplies promptly when their 
use is unnecessary; whether you waste a pin, or a bar of 
steel, or an hour’s time—you pay for it. Everything which 
Studebaker buys is charged into the prices of Studebaker 
cars. All costs, and therefore all losses and waste, must 
be absorbed in the selling prices of the cars. 

Studebaker must continue to build a better car at a 
lower cost than other manufacturers if it is to compete 
successfully in the automobile business, employ men and 
pay wages. And, of course, the more Studebaker cars that 
are sold, the more continuous will be the employment of 
Studebaker men. Further, a concern which has less waste 
and loss to consider in its costs, can afford to pay better 
wages. 

There is nothing new in these statements of fact. 
The wastes in the production and upkeep of every plant 
are included in the price of the product. But the idea 
inferred and expressed, that the employees of a factory 
pay for the wastes they create, in the long run, is worth 
thinking about. After all, the consuming public is 
made up of all of us, and most of us are workers mak- 
ing, selling, or in some other way identified with some 
product or service associated with that product, and we 
receive a wage or a salary based upon the money made 
through the efforts of all concerned. If, then, each and 
every one of us would realize that through failures to 
participate in the savings we could make, because we do 
not make them, a waste of our own time or the facili- 
ties furnished for doing our work comes out of our 
own pockets, we would watch these things more care- 
fully. And, too, whenever we see a fellow worker un- 
necessarily wasteful or careless in such a way as to 
create preventable wastes, we would clearly see our 
duty to point out to him that not only our company but 
he himself is the loser. If he and all of us could get 
this idea and put it into practice, the millions of dollars 
annually wasted through carelessness and indifference 
would come back to us by eliminating the need for 
higher prices and help to reduce the existing costs of 
things we wear, eat and buy for comfort and pleasure. 


Who Pays for 
the Things 
You Waste? 
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In the final analysis, it is true that all of us pay for 
the wastes that we collectively create. Think this over 
and tell your men about it. It’s a good thing to start 
an argument over at least, for it’s an economic problem 
close to the heart and pocketbook of all of us who 
work for a living and want the highest return for our 


services. 
— — 


HAT the majority of 

brush troubles are due 
to poor pigtail connections, 
was the opinion expressed 
by the field engineer of a 
large brush manufacturer. 
Brush troubles manifest themselves in many different 
ways and the usual conclusion is that something other 
than loose pigtails is causing the trouble. 

One reason for pigtail trouble can be traced to the 
surprising amount of home-made brushes that are in 
use. Most reputable brush manufacturers have meth- 
ods of making pigtail connections in such manner that 
they. will not come loose. The average small repair shop 
does not. 

Large users of carbon brushes state that there is no 
one grade of brush that can be universally applied to 
all of the plant equipment. For each type of equip- 
ment, there is a grade that will give maximum life with 
satisfactory performance. The average small repair 
shop is not in a position to experiment with the differ- 
ent grades of carbon to determine which will give the 
best results. In a plant where several grades of brushes 
are required, the plant repair shop cannot buy carbon in 
quantities or quality that will result in lasting economy 
so that for this reason alone the plant repair shop is not 
the place to start a brush factory. Although the price 
of carbon slabs is much less than the cost of finished 
brushes as supplied by reputable brush manufacturers, 
the cost of brushes should be measured in years of sat- 
isfactory life rather than in the first cost per brush. 

In the last analysis, a repair shop is a place to repair 
broken equipment, and not to manufacture repair parts. 


The Repair Shop 


Is Not a Renewal- 


Parts Factory 
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HE State Department 

of Labor and Indus- 
tries of Massachusetts has 
recently adopted the code 
for lighting factories, mills 
and other work places ap- 
proved by the American Engineering Standards Com- 
mittee. This code follows the recommendations of the 
Illuminating Engineering Society and deals with the 
lighting of exits, and standards of minimum light 
intensity for workrooms, yards and storage spaces, to 
make working in these places safe and to reduce eye 
strain on close work. General requirements for shad- 
ing light sources to reduce glare are also included. 

It should not be necessary for state authorities to 
police common-sense lighting requirements in industrial 
works, for good lighting is just as effective a tool in 
the economical production of a product as any machine 
or device that is bought and used because it can be em- 
ployed at a profit. The same application of common 
sense that causes efficient machinery to take the place 
of obsolete and inefficient types should be expected on 
the part of plant executives, without the necessity of 
pressure and police power applied by state legislation 


Only a Few Can 
See the Forest 
for the Trees 
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or inspections. Some time this fact will be realized, but 
as yet the credit for the economies in production qual- 
ity and quantity resulting from lighting adequate for 
different working conditions cannot be claimed as an 
accomplishment of plant management or operation. It 
is and will continue to be a horrible example of not 
being able to see the forest for the trees, unless plant 
operators wake up and raise their lighting installations 
to the same standard of operation that they insist upon 
for other production methods, machines and tools. 
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DVANCE sheets of the 
first 175 pages of a 
report soon to be issued by 
the Giant Power Survey 
Board of the State of 
Pennsylvania give some 
very illuminating facts on production and utilization of 
power, which in that state exceeds 13 billion kilowatt- 
hours per year. That is more than is required by any 
two other states of this country. 

It is pointed out in this report that 75 per cent of 
every dollar of wealth produced in Pennsylvania is from 
manufacturing and that it has twice the volume of in- 
stalled horsepower in industry of any other state. In 
1904 the energy used was 4,200 kw.-hr. per worker. 
Today it is more than 8,500 kw.-hr. per worker, an in- 
crease of more than 100 per cent, with a 41 per cent 
increase in the number of workers during the past 20 
years. If the use of power continues at the present 
rate, the Board predicts that by 1950 the industries of 
Pennsylvania will require double the installed horse- 
power that exists today, or more than 13,000,000 hp. 

These figures are a good index to the growth of 
manufacturing in this country and the extent to which 
electrical drives and other equipment that depends 
upon electrical energy for its operation are being in- 
stalled. Motor applications and the mechanical de- 
vices that are employed in this connection offer a wider 
field for specialized attention than ever before, because 
the range of drives is greater and the variety of oper- 
ating requirements is continually increasing as indus- 
trial processes are improved and changed to bring about 
greater production economies. 

If Horace Greeley were alive his advice most prob- 
ably would be, “Young man specialize in electrical and 
mechanical drive engineering.” 


Industrial 
Demands for 


Power 
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RIGINALLY indus- 
trial safety devices 
were installed to reduce the 
appalling number of seri- 
ous injuries, maimings and 
deaths which were consid- 
ered by some as inseparably linked with production. 
The result was more than expected. Savings of life and 
of limb and of cost of compensation have exceeded the 
cost of protection. Safety work has paid for itself. 
There is still another class of industrial safety work 
which also pays for itself. This deals with the protec- 
tion of machinery, motors and other production equip- 
ment. Incidentally both types of safety work are closely 
related. A guard on a chain drive, for example, which 
keeps fingers or hands out also prevents wrenches, bolts, 
nuts, oil cans or practically any other metal parts from 


How Safety 


Helps Machinery 
As Well As Men 


INDUSTRIAL ENGINEER 


141 


getting in and damaging the chains or teeth in the 
sprockets. Similarly, where oil or grease cups are lo- 
cated in points difficult or dangerous of access, the oiler 
can hardly be blamed for “overlooking” them occasion- 
ally. Grease cups or pipes extending out through a 
guard leave no excuse for neglect—also no likelihood 
of injury. Here the protection to the man is incident- 
ally good protection to the machine because neglect in 
lubrication is one of the common causes of mechanical 
breakdowns. 

Other advantages from the standpoint of mechanical 
safety as applied at the Battle Creek, Mich., plant of 
the Postum Cereal Co., are taken up in the article be- 
ginning on page 118 in this issue. Here the plant is in 
continuous operation and breakdowns or interruptions 
would be serious. When a machine fails and goes to 
the repair shop “hospital,” production stops and in some 
departments the product is a total loss. For this reason 
every precaution possible is taken to see that no break- 
downs occur and that injuries to workmen are avoided. 
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OST of us who drive 

automobiles have an 
opportunity to learn a lot 
about storage batteries that 
will be useful in obtaining 
the maximum service from 
them when used in plant work. One thing that cuts 
down the useful life of battery plates in any service is 
regular overcharging or charging at too high a rate. 
Excessive overcharging will tend to buckle the plates 
in the same way as violent discharging, and will be 
indicated by the battery plates and connections heat- 
ing up. Excessive heat causes unequal expansion of 
the active material and will bend the grids out of shape 
and start trouble that can only be remedied by exten- 
sive repairs through replacement of the damaged plates. 


Over feeding 
and Starving 
Storage Batteries 


Excessive heat also hastens the chemical decomposition 


of separators which results in short-circuits. 

In the majority of cases when short life of batter- 
ies is experienced in electric industrial trucks the trou- 
ble can be traced to careless handling of the battery 
charging and to abuse while in operation through allow- 
ing the batteries to stand in a discharged condition or 
failure to keep the plates covered with water, producing 
a condition of sulphation that requires expert treatment 
when the battery is placed on charge. Plates that are 
partially sulphated can be saved in many cases by sim- 
ply charging at a low rate for three or four days and 
not allowing the temperature of the battery to exceed 
100 deg. F. But if such a battery is placed on charge 
at a high rate, the plates will get hot because only 
those parts not covered by lead sulphate carry the cur- 
rent, and besides the cells will begin to gas excessively 
and cause shedding of the active material. The battery 
will then be quickly ruined. 

The lead storage battery as now constructed is 
about the sturdiest piece of electrical apparatus made, 
when given a chance to work under favorable condi- 
tions. When unusual trouble is experienced and bat- 
teries wear out quickly the causes can usually be found 
and removed by regular inspections by an experienced 
battery man and a little more care and attention when 
they are charged. Charging a battery is like feeding 
a horse—if you overfeed him he founders and if you 
starve him he dies. 
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Who Can Answer 
These? 


Thickness of Mica Required for Slot In- 
sulation—W#ill some reader please 
tell me what thickness of mica 
should be used to replace one layer 
of 0.007- or 0.010-in. varnished cam- 
bric and one layer of 0.007- or 0.010- 
in. fishpaper for slot insulation? 

St. Louis, Mo. L. C. R. 


8 s 8 e 


Trouble With Rewound Automobile Gen- 
erators- -I have been rewinding some 
automobile generators, but in spite of 
the fact that I always check up the 
old winding and make the new one as 
nearly like it as possible I sometimes 
have trouble in getting the proper am- 
perage out of the generator. The 
voltage will be up to normal, six volts. 
but the charging rate is too low. I 
wish some reader who has had experi- 
ence in such work would give me some 
suggestions as to where the trouble 


may be. 
Bathurst, N. B., Can. H. J. M. 


0 0 s s 


Connecting Three-Phase Power Factor 
Meter—I should like to obtain the fol- 
lowing information from some of the 
readers of INDUSTRIAL ENGINEER. (1) 
How may a three-phase power factor 
meter of General Electric make, be 
connected up for correct operation on 
either leading or lagging current when 
all of the polarity marks have been 
obliterated? (2) How may the circuits 
of the above meter be tested for con- 
tinuity and zero setting of the pointer 
when it has been moved on the revolv- 
ing shaft which supports it? (3) What 
would cause a shunt generator driven 
by an induction motor to build up 
slowly at the commutator and develop 
destructive arcing at the brushes after 
the load has been removed? What 
would be the remedy for such a con- 
dition? The armature is a single, par- 
allel winding. 
Saskatoon, Sask., Can. F.N. G. 


e s s 2 


Arrangement of Motor Testing Panel— 
We have recently fitted out an elec- 
trical repair shop in our mill and have 
all of the necessary equipment excepta 
testing panel for motors. Voltages of 
110, 220, 440 and 2,200, three-phase, are 
available and I have a blank panel 
measuring 2 ft. by 3 ft. which I should 
like to use, if possible. I shall appre- 
ciate it if some reader will tell me how 
to lay this out in the most convenient 
fashion for testing a.c. and d.c. motors 
before and after rewinding, including 
high-voltage tests between coils and 
between coils and ground, and running 


tests. 
Cloquet, Minn. E. S. B. 


e s s 3 


Using Vacuum Pump as Alr Com- 
pressor—I have a Wahl vacuum pump. 
size 4 in. by 2% in., with %-in. inlet 
and outlet, which I wish to use as an 
air compressor. The pressure in the 
air tank need not go over 125 lb. per 
sq. in. Will someone please tell me, 
(1) What size motor would be required 
to drive this pump at 275 r. p. m. (2) 
Will it be necessary to make provision 
for cooling this pump artificially, by 
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means of air fins or water, in order 
to keep the temperature down to a 
safe limit? (3) How do you figure the 
cubic inches of air compressed per 


stroke? 
Dallas, Tex. 


e e s e 


How Long Will It Take to Erect These 
Towers ?—I shall appreciate it very 
much if some of the readers of INDUS- 
TRIAL ENGINEER can give me the amount 
of time in man-hours required to erect 
five steel transmission towers, 9 ft. 
by 15 ft. at the base and 60 ft. high. 
I should also like to know the time 
required to string three No. 3/0 
stranded copper cables and one over- 
head ground wire a distance of 
2,000 ft. 
Appleton, Wis. M. P. 


8989 % 9 Ọ 


R. E. L. 


How to Use Megger for Testing Insula- 
tion of Motors—I wish some reader 
would give me a few suggestions on 
the proper method of using a megger 
for test ng the insulation resistance of 
motors. should also like to know 
what is considered a satisfactory read- 
ing when testing 110/550 volt, a. c. 


and d. c. motors ranging from 65 hp. 
to 50 hp. 
Latrobe, Pa. J. K. W. 


s s s s 
will These Watt-hour Meters Read 
Aliket—The diagram shows a pro- 
posed method of connecting watt-hour 
meters on the primary and secondary 
sides of a bank of transformers con- 
nected delta-star. As shown, the meter 


measuring the high-tension power re- 


13,200 Volt Supply 


AWH Meter Na J- 8 


M Polarity Marks 


ceives its current from current trans- 
formers in the lines supplying the 
delta-connected primary, while the 
otential supplied is the low-tension 
ine voltage. The low-tension watt- 
hour meter is connected in the usual 
manner. I should like to know if this 
connection for Nọ. 1 meter will work 
satisfactorily. Also, if we disregard 
the copper and iron losses in the trans- 
formers will there be any difference 
in the records of the two meters at 
unity power factor, and at 85 per cent, 
70 per cent and 45 per cent lagging 
power factor, assuming that the load 
is always balanced? 

Longview, Wash. J. C. R. C. 


Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex 
perience. 
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Answers Received 
To Questions Asked 


Commutator Trouble with Inte le Mo- 
tor—I have a 15-kw., six-pole, com- 
pound-wound, interpole exciter, for a 
synchronous motor, that has three 
black and somewhat flat spots at equal 
intervals around the commutator. This 
machine has a lap winding and the 
mica is not undercut. There is always 
some sparking at the brushes. If I 
shift the brushes, the black spots move 
in the direction the brushes are 
shifted. I lifted the leads from their 
risers at each spot and tested for open 
circuits with a test lamp, but every- 
thing seemed to be O. Will some 
reader please suggest a cause and the 
remedy for this trouble? 

St. Croix Falls, Wis. K. A. 
In reply to the question by K. A: in 
the November issue, I would suggest 
that he carefully test the armature for 
high- resistance connections or open cir- 
cuits, as the symptoms he describes 
point to this form of trouble. It might 
also be that there is a high-resistance 
brush contact at the particular bars 
that seem to blacken. It would thus be 
well for him to see that the brushes 
make good contact with the bars. Prob- 
ably it would be advisable to undercut 
the mica very slightly. I would suggest, 
as a further precaution, that he check 
up the clearance between the armature 
and pole faces, to see that the clearance 

is equal at all poles. 


Muncie, Ind. GEORGE CROPPER. 


* W W * 


Referring to the question by K. A. in 
the November issue, I would say that, 
if these blackened flats occurred af - 
ter the generator had been operating 
successfully for some time, the symp- 
toms described would indicate trouble 
in the equalizer connection. Appar- 
ently K. A. has made sure the trouble is 
not due to defective soldering of the 
armature leads to the commutator bars. 
His next move should be to examine 
carefully the taps from the armature 
winding to the equalizer rings. I take 
it for granted that this exciter is equal- 
ized with cross-connectors, as this is 
standard practice with lap-wound, 
multi-polar machines such as he de- 
scribes. If such is the case, and the 
machine has behaved this way since it 
was first put in operation, the trouble 
is probably due to the use of too few 
equalizers. These equalizing rings are 
mounted either at the commutator end 
or at the rear end of the armature; in 
one case they are tapped to the risers 
of the commutator bars, and in the 
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other case to the armature conductors 
themselves. There should be as many 
equalizers as there can be made room 
for; at least, one for each armature 
slot. These equalizers connect together 
all points in the armature winding 
which are at the same potential, thus 
preventing a heavy flow of current 
through the various armature paths. 
When there are not enough equalizers, 
or when their resistance is increased 
by defective joints, the heavy currents 
flowing internally produce just about 
the same effect as K. A. describes. 
Honesdale, Pa. J. M. WALSH. 


* * k * 


In the November issue of INDUSTRIAL 
ENGINEER, K. A. reports three black 
spots on his exciter commutator and 
has tested for open circuits and found 
none. Black spots as described are 
caused by short-circuited coils as well 


as by open-circuited coils. Possibly 
this is the trouble in the present case. 
Rocer F. EMERSON. 


Industrial Engineering Dept., 
General Electric Co., 
Schenectady, N. Y. 


* X X * 


In answer to K. A’s. question in the 
November issue, I believe the poor com- 
mutation on his 15-kw. at? e exciter 
is due to one of several faults, or a 
combination of them. 

He states that the commutator is not 
undercut; therefore, the first cause may 
be high mica. A flat is often started by 
one high mica segment lifting the 
brushes from the commutator bars un- 
der one brush arm, thereby overload- 
ing the other two brush arms of like 
polarity and burning the commutator 
segments at these points also. In this 
way, three flats are started 120 deg. 
apart and the blackened areas gradu- 
ally grow wider. 

The remedy for this is to turn the 
commutator in a lathe, taking pains to 
see the flats are removed and then un- 
dercut the mica about ys in. 

Another cause would be one or more 
high-resistance connections at the ris- 
ers. A high-resistance contact can be 
located by testing the armature from 
bar to bar by the drop-of-potential 
method. When located, resoldering will 
correct this trouble. | 

Again, the brushes may not be prop- 
erly spaced and may not be set on the 
neutral point. To correct the spacing, 
count the bars between brushes and 
shift individual brush arms until there 
are the same number of commutator 
bars between the brushes, counting 
from toe to toe of all brushes. - 

- To check the neutral, the kick meth- 
od is very accurate, if properly used. 
It should be carried out as follows: 
Lift all brushes from the commutator 
and insert two brushes (one in a posi- 
tive and one in a negative brush arm). 
These brushes should be sanded down 
so as to bridge only one mica segment 
in the center of the brush holder. Now 
separately excite the shunt field with 
approximately 50 per cent of the ex- 
citer’s rated voltage, with a test switch 
between the exciter and the source. 
Connect a low-reading d. c. voltmeter, 
say 0 to 2 volts, across the two special 
brushes and close the test switch; then 
slowly open it again while watching 
the voltmeter. If a deflection of the 
voltmeter pointer is noticed, the 
brushes should be shifted until the least 
deflection is obtained. The brushes are 
then set on neutral, which should be 
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correct for a machine with interpoles. 

Another condition which would tend 
to cause poor commutation is worn 
bearings. This would allow the arma- 
ture to vibrate, causing sparking at the 
peace New bearings would correct 
this. 

The armature may be out of bal- 
ance. This will also cause sparking and 
wear in the bearings. Re-balance the 
armature in this case. 

K. A’s. trouble may be due to one or 
more of the foregoing conditions, and 
I hope this information will be of some 


benefit to him. 
Columbus, Ohio. G. B. H. 


k W X * 


Referring to K. A. 's question in the 
November issue, about a year ago I had 
a similar experience with a 100-kw., 
1200-r.p.m., 6-pole, compound-wound, 
interpole, motor-driven generator used 
for exciting purposes in one of our gen- 
erating plants. Carbon brushes some- 
what abrasive in character had been 
used on the commutator of this exciter, 
with the result that it was badly worn 
in ridges. In an endeavor to smooth 
down the commutator, a commutator 
stone was used, but because of un- 
skilled handling a flat spot was made 
and the commutator was ground 
slightly out of round, or eccentric. 

When placed in service considerable 
sparking was immediately noticed and 
when shut down after a short run, three 
black spots were in evidence at three 
equidistant points on the commutator. 
One of the black spots was on the flat 
spot previously noted. As the machine 
was urgently needed it was run in this 
condition for some time, but as the 
sparking gradually grew worse, the ar- 
mature was finally removed and the 
commutator turned down with lathe 
tools. 

A suitable non-abrasive brush had 
meanwhile been recommended for this 
unit by a reliable brush manufacturer 
and when a set of these were mounted 
after turning down the commutator, the 
results were excellent. The unit has 
now been operating for over a year 
without the slightest sign of sparking 
and with that healthy commutator color 
that indicates good condition of brushes 
and commutator. FREDERICK KRUG. 
San Juan, Porto Rico. 

E * * * 


Referring to K. A.’s question in the 
November issue, I would suggest that 
you tap the bars lightly all around the 
commutator’ and note whether they 
move or have a tendency to vibrate 
when struck. If the commutator shows 
any signs of being loose, take the arma- 
ture out, heat the commutator thor- 
oughly with a blow torch and try to 
tighten the retaining nut at the end. 
After the commutator has cooled off 
tap it again with hammer and see if it 
is now tight. If it is not, take off the 
retaining nut, remove the front V-ring 
and put on 0.010 in. or 0.020 in. of mold- 
ing mica. Now put the V-ring back in 
the commutator and tighten it as much 
as you can with the retaining nut. Then 
heat the commutator again as above 
and try to tighten it while it is hot, and 
again after it has cooled off. Then if 
it sounds solid, put it in a lathe and 
turn it down smooth. 

I would also advise you to undercut 
this commutator about 1/32 in., not 
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more, for if it is undercut too deeply 
carbon and copper dust will accumu- 
late between the bars and sooner or 
later cause a short-circuit. 

It is also possible that the brush 
holders are now set at a different angle 
or in a different position than they were 
originally. To check up the neutral 
point connect a millivoltmeter, or a low- 
reading voltmeter, across any two 
adjacent brush holders with the arma- 
ture circuit open and pass direct cur- 
rent through the field. It is advisable 
to place the d. c. switch close to the 
motor so that you can open or close 
the switch quickly. As you make and 
break the circuit through the field there 
will be a deflection on the meter. Now, 
moving the brushes back and forth you 
will find a point where there is no de- 
flection; this is the neutral point, on 
which the brushes should be set. i 

It is also possible that equalizers 
should be put in this armature, as these 
will prevent circulating current caused 
by unequal air gaps, worn bearings, or 
by one field pole being weaker than 
another. If you decide to put in equal- 
izers you will probably find sufficient 
room back of the commutator, on an 
armature of this size. Take a small 
chisel and cut slots in all of the risers 
on which you want to put equalizer 
connections. The wire used for the 
equalizers should be not less than one- 
half the circ. mil area of the wire in 
the armature. On page 599 of the De- 
cember, 1924, issue of INDUSTRIAL ENGI- 
NEER, A. C. Roe explained in detail how 
to calculate the number and position 
of the equalizer connections. 


NIcHOLAS J. WEISS. 
West New York, N. J. 


* X k * 


Motor- Generator Set for Testing Small 
Single-Phase and Three- Phase Motors 
—Will some reader please tell me 
what capacity motor-generator set 
(d.c. motor—a.c. generator), method of 
drive and style of generator I could 
use for testing single-phase and three- 
phase, 60-cycle, 220-volt motors up to 
1 hp. rating? Is it possible to change 
over from 25 cycles to 60 cycles, from 
110 to 220 volts and from single phase 
to three phase, or the reverse, just by 
means of throwover switches? What 
changes would have to be made in the 
motor and generator in order to secure 
25-cycle current? What capacity would 
be obtained from a 60-cycle set deliv- 
ering 25-cycle current? EJ 


Chicago, III. 

Referring to the question by E. J. in 
the November issue, the simplest kind 
of set to operate, if all testing is done 
at 60 cycles, 220 volts, would be one 
having a single-phase rating, for the 
a. c. generator, of 1 hp. per phase or 3 
hp. on three-phase. This would have 
a rating of about 2.25 kva. at 100 per 
cent power factor, as a three-phase ma- 
chine, and would be of sufficient ca- 
pacity unless testing is carried on con- 
tinuously, in which case a machine of 
3 kva. would have ample capacity. . - 

To test 25- and 60-cycle motors, it 
would be best to have either two sep- 
arate motor-generator sets, one for 
each frequency, or one motor driving 
two generators. If it is desired to test 
a 25-cycle motor on a 60-cycle genera- 
tor it would be necessary to reduce the 
generator speed to 25/60 of the 60- 
cycle speed and increase the field ex- 
citation to keep up the voltage. This 
could probably not be done with a 
commercial generator. On the other 
hand, if the generator operates nor- 
mally at 25 cycles, the speed would 
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have to be increased to 60/25 of the 
25-cycle speed and the excitation de- 
creased to give the correct voltage. It 


would probably not be possible to ob- 
tain a commercial machine which 
would operate through this speed 


range. 

Generators can be purchased with a 
single stator and two separate revolv- 
ing fields, one for 25 cycles and one for 
60 cycles. Machines of this type are 
in use in laboratories where the delay 
involved in changing the fields is not of 
serious moment. 

It should be remembered that only 
certain speed-and-pole combinations 
can be used in sets for a combination 
of 25- and 60-cycle operation. The 
most usual combination is a speed 
of 300 r. p. m., which would 
require a ten-pole machine for the 25- 
gal unit, and a twenty-four-pole ma- 
chine for the 60-cycle unit. With ma- 
chines of such low capacity it would 
probably not be possible to obtain these 
combinations and it would therefore 
seem best to purchase separate sets 
having commercial speeds, rather than 
to combine all of these features in one 
machine or set. 

A change of voltage from 110 to 220 
volts can readily be made with a 
throwover switch, but from the fore- 
going it may be noted that a change 
in frequency is not so easily obtained. 

A 60-cycle machine operated at 25 
cycles would, providing the voltage is 


kept up by an increase of field excita- 


tion, have the same capacity. But the 
field would have to be especially de- 
signed for such service. For a commer- 
cial machine it would be necessary to 
limit the field current to a definite 
maximum. This would, of course, give 
a lower voltage at the reduced speed 
and reduced capacity in proportion to 
the reduced voltage, the exact value be- 
ing dependent upon the design of the 
machine. In addition, it would prob- 
ably be necessary to provide transform- 
ers to raise the voltage to 220 volts 
if required. : : 

Summing up the whole matter, I be. 
lieve it would be best to purchase sep- 
arate sets to operate at commercial 
speeds and not attempt to obtain a very 
special outfit which would of necessity 
be higher in cost. 

C. OTTO VON DANNENBERG. 

The J. G. White Engineering Corp., 
New York, N. Y. 


* * XM * 


_ Referring to the question by E. J. 
in the November issue, the simplest 
outfit, and no doubt the cheapest, 
would be a motor-generator set driven 
by a variable-speed d. c. motor. This 
set should be 5-kva. capacity, or there- 
abouts. 

The generator should be direct con- 
nected to a d. c. motor of suitable volt- 
age. The speed of the motor should 
be 1,200 r. p. m. or 1,800 r. p. m. at 
full speed; 1,200 r. p. m. will give 60- 
cycle current with a six-pole generator 
and 1,800 r. p. m. will give 60-cycle 
with a four-pole generator. The gener- 
ator should be of the stationary-field 
type, rated at 220 volts, 60 cycle, three 

hase. Now, 110 volts can be obtained 

y weakening the field of the genera- 
tor through a properly designed rheo- 
stat. Single-phase current can be ob- 
tained from any two leads from the 
generator. 

For 25 cycles the generator speed 
will have to be reduced to 500 or 750 
r. p. m., depending on whether it is a 
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four-pole or six-pole machine. Through 
the use of a suitable speed regulating 
rheostat on the drive motor, this speed 
can be obtained. By regulating the 
field strength of the generator, either 
110 or 220 volts, single phase or three 
phase, can be obtained at 25 or 60 
cycles. 

I would advise the use of a 5-kva. 
generator direct connected to a 5-hp. 
d. c. motor so that the outfit will have 
sufficient capacity at 25 cycles, as the 
capacity at 60 cycles will be 240 per 
cent greater than at 25 cycles. he 
only switches necessary will be a three- 
pole switch for the three-phase cur- 
rent. A two-pole switch for the single- 
phase current would be convenient if 
E. J. desires to test a single-phase and 
a three-phase motor at the same time. 
Donnacona, Que., Can. Lee F. DANN. 


* X * * 


Design of a Growler for Testing Arma- 
tures—I wish some of the readers of 
INDUSTRIAL ENGINEER would tell me how 
many turns and what size wire to put 
on a laminated core in order to make a 
growler for testing armatures up to 50 
hp. in size. This core is 8% in. x 4 in. 
x 4 In., and has a 1%%-Iin. slot cut into it. 
If necessary I could make the core 

current of 110 or 


longer. Alternatin 


220 volts is available for operating the 


growler. 
Canton, Ohio. R. M. 


In answer to the inquiry of R. M. in 
a recent issue for information on 
the construction of a growler, I wish to 
submit the accompanying diagram and 
information: The smaller growler will 
take small electric drill or fan motor 
armatures from 1% in. in diameter up 
to about 4 in. in diameter. As will be 
seen from the drawing, it is built up of 
laminations stacked to a thickness of 
31% in. and riveted to 4 pieces of angle 
iron by means of which the laminated 
core is attached to the wood base. For 
use on 110-volt alternating current the 
coil is wound with 150 turns of No. 13 
B. & S. gauge d. c. c. wire. The push 
switch shown at the right serves for 
turning the current on or off. 

The larger growler is 5% in. high, 
8 in. thick and has a radius of about 
9 in. For 110 volts the coil is wound 
with 45 turns of No. 5 B. & S. gauge 
d. c. c. wire. This growler has given 
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The growler at the left is designed 
for testing armatures up to about 
4 in. in diameter. The growler at 
the right will take armatures up to 
30 in. in diameter. 


>> 
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satisfactory results on armatures up to 
30 in. in diameter. 

These two growlers cover a wide 
range of armature diameters and will 
usually be found sufficient for most re- 
quirements. Care should be taken not 
to apply the current until the armature 
to be tested is in place on the growler 
and not to remove the armature be- 
fore the current is turned off, so as to 
prevent an increase of current through 
the growler winding, which might 
cause it to burn out. 

To wind these growlers for use on 
220-volt alternating current, double the 
number of turns and use wire of half 
the size employed when the growlers 
are used on 110 volts. 
Cleveland, Ohio. 


* W k & 
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Starting Trouble with Motor-Generator 
Set—In starting a synchronous motor- 
generator set the motor field is first 
short-circuited b the double-pole, 
double - throw, quick - break sw itch, 
which is provided with a short-circuit- 
ing resistance contact that closes just 
before the switch is opened from one 
direction and opens just before the 
switch is closed in the other position. 
The motor is started and comes up to 
speed on 2,000 volts; the field switch is 
then thrown to obtain excitation from 
the 250-volt bus. The running voltage 
of 6,600 volts is then applied. When 
the field switch is thrown from start- 
ing to running positions there is a bad 
flash between the hinge clips and the 
short-circuiting resistance jaw. What is 
the cause of this flash and how may it 
be avoided? : 
Pittsburgh, D. W. B. 
In answer to D. W. B.’s question in 

the November issue, I believe he will 
find that his trouble is due to the short- 
circuiting resistance being removed 
from the field circuit before the field 
excitation is applied. I do not quite un- 
derstand the statement in which he 
seys, “the double-pole, double-throw, 
quick-break switch . is provided 
with a short-circuiting resistance con- 
tact that closes just before the switch is 
opened from one direction (presumably 
when the field is opened) and opens just 
before the switch is closed in the other 
position.” 

It looks from this as though the 
switch should make contact with the 
250-volt clips before the short-circuit- 
ing resistance 18 disconnected from the 
field winding. 

The first point to check would be the 
positive closing of the switch when the 
field is excited, for if the switch were 
stalled momentarily and the circuit re- 
opened for a moment, the self-induc- 
tance of the field would undoubtedly 
cause an arc at the clips. Eventually 
this might cause the field insulation to 
become punctured. 

Suppose that the switch closes prop- 
erly, but that the short-circuiting re- 
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sistance is removed from across the 
field before the field is excited from 
the 250-volt bus, as was stated in the 
question. The motor is supposed to be 
up to speed, or practically up to 
speed, at 2,000 volts. If the motor is 
actually up to synchronous speed at this 
voltage, there would be no flashing, dis- 
regarding the fact that the application 
of the exciting voltage might produce a 
flash as stated above. In starting a 
synchronous motor, the field winding 
acts as the secondary of a transformer 
and at the beginning of the starting 
period, when the slip is greatest, a very 
high voltage would be generated in the 
field, depending upon the frequency with 
which the magnetic field cuts the motor 
field turns, and also upon the ratio of 
the number of field turns to the number 
of armature turns. This voltage de- 
creases as the speed increases, the slip 
decreases and the frequency of the 
m.m.f. acting upon the field turns de- 
creases. Some idea of the voltage gen- 
erated during this period may be had 
from the fact that A. I. E. E. standards 
require an insulation test of 2,500 volts 
to ground on the field of the machine in 
question. Now suppose that the ma- 
chine were not up to speed. It is evi- 
dent that current will be flowing in the 
field windings, the amount depending 
upon the speed of the machine and the 
value to which it is limited by the 
short-circuiting resistance. If under 
this condition the short-circuiting re- 
sistance were removed from across the 
field before the field circuit was closed 
to the 250-volt bus, a bad flash would 
result. If flashing is caused from this 
source it may puncture the field wind- 
ings, as the voltage at the time the cir- 
cuit is opened will likely be much 
higher than the voltage caused by the 
transformer action due to the self- 
inductance of the field. Fields of ma- 
chines designed to start without short- 
circuiting resistance are required to 
stand a test to ground of 5,000 volts. 

Therefore, I believe that if D. W. B. 
will adjust his field switch so that the 
short-circuiting resistance remains 
across the field until it is excited, look 
to see if the resistance can possibly be 
opened due to a jar when closing the 
switch, and check the mechanical oper- 
ation of the switch, he should remove 
his trouble. He might also check up on 
his rheostat setting and try cutting in 
more resistance in the field circuit for 
starting than he uses at present, ad- 
justing the field so that the motor will 
operate at unity power factor after the 
running switch of the motor has been 
closed. 


Toronto, Ohio. HERBERT KING. 


*x X X * 


In reply to D. W. B. in the November 
issue, he does not state the size of 
his motor- generator set, but gives the 
correct method of starting sets of the 
usual size. However, it is often the 
practice with large sets to short circuit 
the field through resistance, close the 
starting switch until the highest at- 
tainable speed on that tap has been 
reached, and then close the running 
switch, at which time the motor should 
be very near synchronism. The last 
operation would be closing of the field 
switch and making the necessary rheo- 
stat adjustment. Closing the field 
switch at this time causes the motor to 
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pull immediately into step with the 
system. f 
It is possible that the flash mentioned 
is the result of the frequency of the 
induced field current caused by the 
rotor not being as near synchronism 
as D. W. B. thinks it is. This current 
is extremely high at first contact and 
decreases as the speed of the rotor, 
with its corresponding frequency, ap- 
proaches the frequency of the system. 
D. W. B. will obtain a high-grade 
indicating tachometer and correctly 
note the speed before throwing in the 
field switch he can obtain a good idea 
as to whether or not the above condi- 
tion exists. 
West Allis, Wis. 
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E. J. MORRISSEY. 


In answer to D. W. B. in the Novem- 
ber issue, the trouble you are experi- 
encing is due, if I understand correctly 
your description of the switch, to burrs 
in the hinge mechanism. Possibly 
these are behind the spring washers 
where they are not noticeable. Such 
burrs are usually of high resistance 
and would cause the short-circuiting 
resistance to be partly opened. 

Most of these types of switches have 
extension fingers with high-resistance 
carbon contacts. If the switch in 

uestion has such contacts it is possible 
that they are not making contact first 
when the switch is closed and last when 
it is opened. 

It is also possible that there is some 
trouble, such as a short circuit or other 
defect in the short-circuiting resistance 
which permits the passage of more cur- 
rent or a higher voltage than the switch 
is designed for. l 

I hope that these suggestions will be 
of some help to D. W. B. 

NIcHOLAS J. WEISS. 
West New York, N. J. 
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Answering D. W. B.'s question in the 
November issue, his description of the 
trouble would seem to indicate that the 
motor is not up to full synchronous 
speed when the field switch is thrown 
into the running position. An ammeter 
in the stator circuit will show definitely 
when synchronism is reached by 
falling back to practically zero, with no 
load on the set. The fact that there 
is a flash when the switch is thrown 
from the _ short-circuiting position 
would indicate that potential is being 
induced in the field; this would not be 
the case if the machine were running 
at synchronism. The description of 
the trouble is too limited to make a 
definite recommendation, but I suggest 
that the speed of the set be checked at 
its starting voltage to make sure that 
it is up to synchronism. If this is 
found to be the case a slightly higher 
starting voltage may solve the diffi- 
culty, or the amount of field resistance 
in circuit on starting may be adjusted. 
It may be that the resistance in the 
field circuit during starting is not cor- 
rect and a few tests would readily show 
whether this is the case. It is assumed 
that the machine is wired correctly. 

C. OTTO VON DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. T. 
* * „ * 


Trouble with Collector Rings ef Turbo- 
Generator—We have a 2,300-volt, 60- 
cycle, 750-kva. three-phase, 3.600-r.p.m. 
generator driven by a steam turbine. We 
are experiencing trouble with one of the 
collector rings carrying direct current for 
excitation. This ring develops flat spots 
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and what appear to be burned places all 
around it. The other ring has a fine 
polish without these spots and flat 
places. We changed the leads from 
one ring to the other and the spotted 
ring was trued up and polished. Then 
the ring that was first in good shape 
developed spots and flat places in the 
first two days after the leads were 
changed. The brush tension and 
brushes have been checked and we do 
not believe that the trouble is due to 
the brushes, as we are using the man- 
ufacturer’s brushes. The proper excit- 
ing current is maintained and the 
rings seem to be true, although two 
years ago one of the rings became 
very hot and had to be reground as it 
was a little out of true. These rings 
are subject to much coal dust and oil 
vapor, but as the different rings spot 
up and have flat places all around 
them at about the same distance apart 
with the changing of the leads. I do 
not believe it is due to dirt. I should 
like very much to hear from others 
who have overcome trouble of this 


sort. 
Zeigler, III. E. P. 
As a possible suggestion of the cause 


of E. P.’s troubles as cited in a recent 
issue, I might relate our own ex- 


perience with a 937-kva. turbo-gener- 


ator with direct-connected exciter. 

We had similar trouble and remedied 
it by turning the rings down true, pur- 
chasing an extra hard brush and in- 
creasing the pressure slightly on the 
new brushes. 

The theory that I advance for this 
trouble is this: The ring on the nega- 
tive side would always be the one af- 
fected. This brush would leave a slight 
deposit on the ring with every revolu- 
tian and turning at 3,600 r.p.m. it 
would not take more than a few sec- 
onds to cause the brush to actually 
break contact with the ring, which 
causes the ring to burn and flatten out. 
In the event that the rings have to be 
turned true this should be done with 
the unit running at its rated speed: 
otherwise the centrifugal force on a 
ring of large size will tend to flatten it 
when turning at high speed. 

We made the change to Electro-Nite 
Carbon Co. brushes on April 17, 1924, 
and since that time there has not been 
the sign of a spark on our rings and 
the unit runs at 25 per cent overload 
almost continuously. 

The fact that one ring is light and 
the other dark in color is due to the 
negative brush eating away, leaving a 
dust deposit on the ring. 


Rock Island, III. W. J. PARK. 
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Replying to E. P. I had a similar 
experience with a smaller machine. It 
was a motor-driven generator that 
supplied the energy for repulsion-induc- 
tion motors driving a large print shop. 
In this case both rings would become 
spotted and flat ənd, in a few days, the 
flashing would become so bad that the 
rotor would have to be removed and 
the rings turned in a lathe. Repeated 
turnings did no permanent good, al- 
though on each occasion there was tem- 
porary relief. The metal of the rings 
appeared to be flawless and checking of 
the balance of the rotor indicated it to 
be perfect. The outfit had not yet been 
accepted by the customer, who was be- 
ginning to get restless and expressed 
justifiable apprehension as to how 
many turnings the rings would stand. 

On the next, and final, removal of 
the rotor to have its rings trued, it was 
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returned to the manufacturer who 
tested the rotor on the ways and found 
the static balance of the rotor to be 
good. Upon removing the rings and 
testing the rotor balance without them, 
however, the balance was found to be 
off; and a check of the rings showed 
that their balance was considerably off. 
Accordingly, a new collector ring unit 
was obtained and carefully balanced by 
itself on an arbor. Then the balance of 
the rotor without the collector ring was 
perfected. Finally the balanced ring 
was installed on the balanced rotor and 
turned after a check of the balance of 
the complete rotor indicated it to be 
perfect. After installing this rotor, no 
further complaint was made. 

Brooklyn, N. Y. J. A. HORTON. 
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In a recent issue E. P. recites 
some troubles with the rings of the ro- 
tating field of an alternator. From 
his description it is evidently either the 
positive and not the negative, or the 
negative and not the positive, brush 
that continually burns. 

Several brushes placed round the ring 
would probably help. These brushes 
should be in parallel, so that the cur- 
rent enters or leaves at several points 
of contact. It is also possible that a 
ring of different composition would give 
better results. 

It seems to me that the manufacturer 
should be held responsible for this 
trouble. It is a question of design and 
should be remedied without charge by 
the manufacturer of the machine. 
Boston, Mass. EDWARD A. GIBBS. 
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In a recent issue E. P. describes 
trouble with the collector rings of a 
turbo-alternator. I suggest that his 
trouble is due to vibration, aggravated 
by the effects of polarity. Even if the 
rings are first turned and polished and 
_ the brushes fitted as accurately as pos- 
sible, small sparks will be formed, nev- 
ertheless, between the brushes and 
rings, owing to vibration and lack of 
sufficient flexibility in the brush rigging 
to compensate for this. Even when 
great care is taken in fitting brushes, 
the fit is far from perfect and under 
high ring speed sparks are certain to 
form between all the brushes and the 
rings. 

Many years ago I had charge, along 
with several other makes of gener- 
ators, of a Thomson-Houston A6 
alternator which had in its arma- 
ture, in addition to the regular 
1,110-volt, a.c. winding, a low-volt- 
age winding for excitation purposes. 
The current from this winding was 
quite heavy and was carried by two 
wires through a lengthwise hole in the 
center of the shaft to a rectifying com- 
utator on the end of the shaft, outside 
of the bearing. As the shaft was 
slightly sprung the brushes vibrated ex- 
cessively with attendant sparking. The 
commutator blackened and burned flat 
only under the positive brushes, and 
suffered more than the brushes. Under 
the negative brushes, the commutator 
had a good polish, but the brushes suf- 
fered. 

I had already observed that when 
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throwing a d.c. switch under load, burn- 
ing, due to the sparks formed, is al- 
ways worse on the positive side. I con- 
cluded that this action explained the 
trouble with the commutator brushes on 
the alternator. From these observa- 
tions, I am inclined to believe that the 
sparks formed in E. P.'s case soon de- 
velop into arcs which burn the positive 
ring flat as described and also have a 
more or less detrimental effect on the 
negative brushes. The fact that the 
burning was shifted to the other ring, 
which ordinarily does not give trouble, 
when he changed the leads and conse- 
quently the polarities, seems to bear out 
this idea. I surmise that his rings are 
of either cast steel or else a fine grade 
of chilled cast iron. I would suggest 
that he grind the rings true in the 
running position with a portable 
grinder and carefully refit the brushes; 
then at intervals of a week or so re- 
verse the leads and he will find that his 
trouble is considerably reduced. Of 
course, the cause of vibration should 
be located and removed, even if the use 
of a modern balancing machine is re- 
quired. 

We have a turbo outfit which be- 
haves about like his does and if we had 
to use it much we would have it bal- 
anced, but as it is we manage to get 
along with it. This machine has steel 
rings and multiple brushes which give 
good flexibility but not enough to elim- 
inate trouble entirely. We also have 
an alternator which is direct connected 
to a 200-r.p.m. engine. This has a re- 
volving field fed through multiple 
brushes on steel rings. The peripheral 
velocity of the rings is low, compared 
to that of our turbo rings, and I can 
honestly say that since this machine 
was started August 1, 1908, not a thing 
has been done to either the rings or 
brushes at any time. The original 
brushes are still in use and giving ex- 
cellent service and the rings still pre- 
serve their original polish. This can 
be ascribed to the low peripheral speed, 
absence of vibration and great flexibil- 
ity in the brush rigging. 

We also have another turbo outfit 

which was started in the Fall of 1914, 
and beyond wearing down, the rings on 
this machine are in good condition for 
the above reasons. There is an entire 
absence of vibration, although the speed 
is quite high, and another favorable 
condition is that the rings are of cop- 
per, designed for the purpose. 
E. P.’s rings were made of copper, his 
troubles would be less, all other condi- 
tions remaining the same. Even if one 
of his rings were made of copper, and 
always kept positive in polarity, his 
troubles would be less. This is reason- 
able when one considers the remarkable 
service given by the copper electrodes 
in the magnetite arc. I think that col- 
lector rings should always be made of 
copper or a copper alloy, as these have 
good wearing qualities as well as the 
ability to resist the detrimental effect 
of the are formed in conjunction with 
high speed and carbon brushes, which 
do not always go well hand-in-hand. 

Some years ago the Wirt Electric Co., 
Philadelphia, Pa., sent us some special 
metal brushes which I found were not 
suited to the use we had planned to 
make of them. Rather than scrap them, 
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I used them on the collector rings of 
our alternator, with exceptional re- 
sults. To this day, I would prefer them 
to carbon brushes of any sort. 

In addition to the possible causes 
mentioned above, of E. P.’s trouble, I 
might suggest lack of homogeneity in 
the ring metal as a cause of his trouble, 
although I am inclined to think that 
this is not the case. 
Chief Electrician, HENRY MULFORD. 
Patchogue Electric Light Co., 

Patchogue, N. Y 
* * * > 


Trouble in Operating Two-Phase Are 
Welder Set on Three-phase Circuit— 
I had occasion recently to operate a 
two-phase, four-wire, 220-volt, 60 
cycle, 1,800 r. p. m. 5-hp. Lincoln motor. 
which is direct connected to a Lin- 
coln welding generator on & three- 
phase, 2,200-volt, 60-cycle circuit. The 
transformer connection shown was 


tried. I found that the motor would 
start but in a short time would get 
very hot. The wire at A was cut and 


then the motor did not heat 80 much, 
so that by stopping the machine about 
every hour and letting it cool off I was 


2200 Volt Line 


To Motor 5 


able to do the welding, but too much 
time was lost. I wish some of the 
readers of INDUSTRIAL ENGINEER would 
tell me if this connection 18s correct, 
and if so, what causes the motor to 


heat. 

Tyrone, Pa. H. L. F. 

In answer to H. L. F.'s questions in 
a recent issue the connection at 


(A) in his diagram should have no ef- 
fect on the heating of the motor unless 
the motor windings are interconnected, 
either intentionally or by both windings 
being grounded (assuming that the 
transformer secondary is ungrounded), 
thereby forming an interconnection. 
The voltage distribution with (A) 
connected as shown in his diagram is 
indicated in Fig. 1. If the motor is 
clear of grounds and not interconnected 
between phases, the voltages between 
(A) and (D) and (B) and (D) will not 
cause current to flow in the motor wind- 
ings. Should, however, the winding be 
interconnected, say at (O), the voltage 
between (B) and (D) will cause cur- 
rent to flow at 292 volts in windings 
(HO) and (OF) of the motor. Heating 
would also be caused by reason of the 
phase angle being changed from 90 deg. 
to 120 deg. | 
With connection (A) cut the connec- 
tion at (O) would not cause heating of 
the winding. The heating noted under 
this condition would be due to phase 
displacement only. It is evident that 
H. L. F. was confronted with a condi- 
tion over which he did not have control 
and it was “up to him” to do the best 
he could with the equipment available, 
which was probably standard 10-to-1 
transformers. ` 


ry 
7 


March, 1925 


10-1 Trans! 


A 


Fig. 1—Voltage distribution to mo- 
tor windings with connection em- 
ployed by H. L. F. 


If the transformers had been con- 
nected in open delta on both primary 
and secondary sides and the motor con- 
nected as shown in (B) of Fig. 2, the 
two-phase currents would have been 90 
deg. apart, but one phase would have 
had 13.4 per cent lower voltage. If a 
small transformer (approximately 10 
per cent of the capacity of one of the 
main transformers) had been connected 
as in (A) of Fig. 2 to boost the applied 
voltage on one leg as indicated, the 
two-phase voltage would have been as 
shown, with a very slight displacement 
of the phase angle. 

The suggestions illustrated in Fig. 2 
are made on the assumption that trans- 
formers available were standard 10-to-1 
ratio. If one transformer were 9-to-1 
ratio the boosting transformer would 
not be required. With the connections 
shown in (A) or (B) of Fig. 2, the mo- 
tor would still heat if both windings 
were grounded or interconnected. 
Wilmington, N. C. CHARLES R. Suae. 
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Should Coils Be Purchased or Made in 
the Repair Shop?t—We have in our 
plant about 1,000 motors ranging from 
3 hp. to 100 hp. Roughly, one-third 
of these are older-type motors, while 
the remainder are of modern type. 
We have our repair shop, but so far 
have not attempted to wind our own 
coils. There is a feeling that we 
should do this, but before making any 
decision I should like to get the opin- 
ions of readers of INDUSTRIAL ENGI- 
NEER on the feasibility of doing this 
work. Will it pay us to do it? Can 
anyone give me some idea of the na- 
ture and approximate cost of the 
equipment needed? 

I shall be very grateful for any in- 
formation or suggestions you can give 


me. 
Chicago, Ill. L. A. M. 


The question by L. A. M. in the De- 
cember issue, may be answered by cit- 
ing the writer’s experience in establish- 
ing a coil-winding section in the 
electrical department of a large indus- 
trial plant with which he was formerly 
connected. The first coil-winding equip- 
ment was put in about seven years ago 
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Fig. 2—Suggested connection for 
operating a two-phase motor from 
a three-phase supply. In (A) a 
small booster transformer is used 
to raise the voltage in one leg. 


at a time when about 700 motors were 
installed; at the present time there are 
about 1,500 motors in that plant. 

The reasons for installing this equip- 
ment were: (1) A large stock of fac- 
tory-made coils were of necessity kept 
on hand and after a year or so on the 
shelf the coils became brittle and the 
varnish would crack when the coils were 
put into a motor, thus causing an early 
insulation failure due to the entrance of 
moisture and oil into the coil. (2) Of- 
ten, deliveries can not promptly be 
made from the factory and if several 
motors failed, all of the same type, se- 
rious delays would result. (3) The in- 
terest charges on several thousand dol- 
lars worth of rapidly-depreciating fac- 
tory-made coils are a large item of ex- 
pense, compared to the storeroom 
charges on about one-fourth the same 
amount of money invested in an equiv- 
alent stock of double-cotton-covered 
magnet wire. The amount of varnish 
and other supplies used is relatively 
small. Labor charges accumulate only 
as the coils are made up and put to 
work. 

It is sometimes pointed out that a 
large amount of overhead should be 
charged against the coil-making costs. 
This is seldom the case in an industrial 
plant as about the same amount of fac- 
tory space is occupied by factory-made 
coils as is necessary for the combined 
magnet wire storage and coil-making 
shop. Supervision is furnished by the 
repair shop foreman and the overhead 
necessary to be added is negligible. 

For handling the repairs on 1,000 mo- 
tors the equipment suggested would 
include one lathe-head-type, loop coil 
winder belted to a motor of about 2-hp. 
rating; one hand-operated coil spreader 
or former; two shallow varnish dipping 
tanks with drain racks; and one sheet 
metal or brick baking oven with about 
2% in. of heat insulation. The heat 
may be furnished by a gas-fired, con- 
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vection-type heater, the products of 
combustion being piped outside of the 
building. The ventilation of the oven 
is important in order to provide oxy- 
gen to oxidize the varnish. The baking 
temperature should be maintained at a 
constant value suggested by the var- 
nish maker. Considerable information 
on this subject has appeared in pre- 
vious issues of INDUSTRIAL ENGINEER, 

After a careful inspection of various 
motor manufacturers’ plants the fol- 
lowing coil-winding practice was 
adopted and has been in continuous use 
for a number of years: Double-cotton- 
covered magnet wire is used for making 
the straight, hair-pin loop coil. The 
coil is bound at intervals with lead 
strips and removed from the winder. 
The lint is burned off by quickly pass- 
ing the coils once over a small gas 
flame and they are dipped in a fairly 
heavy, black, elastic baking varnish and 
allowed to drain. The coils are then 
placed in the baking oven and remain 
at the proper temperature for about 12 
or 14 hr., care being taken not to over- 
heat the varnish, which becomes brittle 
under such treatment. The loops are 
then spread or formed to a diamond 
shape and taped with a half-lapped 
layer of empire tape and a half-lapped 
layer of linen tape. Following this the 
coils are singed and dipped in a clear, 
elastic baking varnish and baked. This 
latter dipping and baking operation is 
repeated two or three times, until the 
coils present a smooth, glossy and con- 
tinuous film. 

The cost of coils made in the indus- 
trial plant will vary from one-third to 
two thirds the cost of factory-made 
coils, depending on the size of the mo- 
tor, local labor costs and the expert- 
ness of the operators, who should pref- 
erably be women. The quality of the 
work should be equal to that of the 
factory coil and in some cases exceeds 
it, while for a large plant the economy 
is unquestionable. 

As regards the cost of the equipment, 
a number of satisfactory outfits are 
now on the market, but quotations will 
have to be obtained and the cost esti- 
mated for each installation. 

Alcoa, Tenn. J. ELMER Hovstry. 
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Answering L. A. M. in the December 
issue, the making of coils is one of the 
most important steps in the process of 
rewinding d.c. or a.c. motors; in fact 
a good set of coils is the foundation 
upon which a long-life, rewind job is 
built. By a good set of coils I do not 
mean coils that look nice, but those in 
which have been incorporated all the 
best features known. That includes 
the best of insulation and wire, applied 
in such a manner as to withstand the 
hard knocks of service. 

To meet the above conditions requires 
that the coil-manufacturing equipment 
installed must be of the best, as well 
as the material carried on hand. Mag- 
net wire for example, comes in a va- 
riety of sizes, and types of insulation. 
Thus, we have round, square and rib- 
bon wire, and the insulation on the wire 
includes single-cotton-covered, enam- 
eled, single-cotton and enamel, double- 
cotton and enamel, and asbestos-cov- 
ered. In a-great majority of cases the 
wire sizes will be duplicated in differ- 
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ent insulations, or in round and square. 
This means that the larger the plant 
the greater will be the amount of money 
tied up in wire. Then we have insulat- 
ing material, consisting of cotton and 
linen tapes of different widths and 
thickness, treated tapes of at least two 
widths and grades, and mica tape. Then 
comes insulation in sheet form for coil 
wrappers; this includes mica and fish- 
paper, pure flexible mica, and treated 
cloth in the yellow and black grades. 
Also we require three different grades 
of insulating varnishes, as well as in- 
sulating glue, twine and flax cord. The 
majority of this material deteriorates 
with age and if not used within a rea- 
sonable time it becomes hard and loses 
its maximum insulating qualities. 

But what is more important is the 
type of man available to take care of 
the coil department. This man should 
know, in fact must know, how to design 
and lay out any type of coil so that it 
will fit into the proper slots and have 
the proper end space and shape, so as 
to eliminate pounding a finished coil 
to shape. The coil man must know the 
principles of a.c. and d.c. windings; he 
must know what insulating material 
is available and its good and weak 
points and how to select the various 
items that make up a coil, to withstand 
different applications. 

To illustrate, I have in mind a case 
where we had a large d.c. armature to 
repair. It had four conductors per slot 
and these conductors were shaped and 
joined together with clips at front and 
rear to form a winding that was the 
equivalent of a 2-turn coil, 2-circuit, 
wave winding, but each coil consisted 
of eight conductors and had three sol- 
dered joints. The coil man figured out 
the winding and made a 2-turn coil with 
one lead on top and one on the bottom, 
which eliminated the soldered joints 
and saved considerable winding time. 
What is more important however, it 
eliminated trouble that occurred from 
time to time due to the soldered joints. 
This was an advantage that was well 
worth considering. 

From my 15 years of experience in 
repairing all kinds and makes of elec- 
‘trical machines, I can say that the 
grade of work put into a coil deter- 
mines the life of that particular rewind 
job. This applies to the simple mush 
coil as well as the more elaborate coils. 

The following are a few of the details 
that insure good coils. This list can be 
used for checking purposes in plants 
that make or intend to make their own 
coils, to determine how close they come 
to a grade A 1 coil. 

(1) Are all materials used in the 
coils purchased according to exact spe- 
cifications, thus insuring the best of 
everything? 

(2) Are all coils wound in such a 
manner as to guarantee that all wires 
will be in proper relation to each other, 
using special tools or forms if neces- 
sary to meet above conditions? 

(3) Are the points most susceptible 
to trouble—such as, crossovers, corners, 
curves, angles and points where the 
leads leave the coil—reinforced for in- 
sulation, strength and rigidity? 

(4) Are the leads reinforced with 
extra insulation and the extra insula- 
tion firmly secured to the coil, and the 
leads reinforced to prevent slippage? 
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(5) Is it standard practice to dip the 


coils after pulling or shaping, and be- 
fore insulating, in a good grade of bak- 
ing varnish? 

(6) Are the coils thoroughly insu- 
lated; that is, is the insulation put on 
the coils and not in the slots while 
winding the machine? 

(7) Are the coils given a final dip, 
after insulating, in a high-grade baking 
varnish? 

(8) Are the leads of all coils, a.c. or 
d.c. tinned before they are given over 
to the winding department? 

(9) Are the coils inspected between 
operations and given a final test for 
shorts, etc.? 

The above points should be consid- 
ered when contemplating the installa- 
tion of a coil-winding department and, 
as stated before, the more attention 
that is paid to them, the greater will be 
the life of rewind jobs. 


Wilkinsburg, Pa. A. C. Ror. 
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Meaning of Motor Nameplate Data 
Can some reader tell me what “Open 
Hp. 10, Amps. 75—Closed Hp. 5%, Amps. 
43.“ means in the case of a General 
Electric, d. e., compound-wound motor 
which has the following nameplate data: 
No. 95790, Form B, Speed 650, Volts 115, 
Open Hp. 10, Amps. 75—Closed Hp. 5%, 
Amps. 43. Pat’d Feb. 14-88 up to Jan. 


31-99. 
Mazatlan, Sinaloa, Mex. J. C. L. 


Referring to J. C. L.’s query in a 
recent issue, the motor in question is 
sometimes equipped with small cast- 
iron plates which cover the openings in 
the endshields and make it an entirely- 
closed type. As the capacity of a ma- 
chine is limited by the temperature 
reached by its windings, it is obvious 
that the heat would be more readily 
dissipated in the case of an open-type 
motor than with a closed type; conse- 
quently the rating will be higher. 

In the open type there is a constant 
current of air through the windings 
caused principally by the rotation of 
the armature, warm air being replaced 
by cool air from the outside. Since 
this is not possible in the enclosed type, 
the allowable temperature rise would 
be reached at a much lower current 
density in its conductors; hence the 
reduced rating. In an attempt to 
facilitate the dissipation of heat in 
enclosed types, manufacturers often 
resort to radiating fins which are 
either cast integral with, or riveted to, 
the frame and end-shields. To the 
writer’s knowledge a certain frame with 
a given winding often has a rating 100 
per cent higher when it is of the open 
type, than when it is of the completely- 
enclosed type. The double rating of 
machines was formerly more in use 
than at present. 

The A. I. E. E. specifications, June 
28, 1916, state that: : 

“An open machine is either of the 
pedestal or end-bracket type where 
there is no restriction to ventilation 
other than that necessitated by good 
mechanical construction. 

“An enclosed machine is so com- 
pletely enclosed by integral or auxil- 
iary covers as to prevent a circulation 
of air between the inside and outside 
of its case, but not sufficient to be 
termed airtight.” 

Denver, Colo. EDWARD H. HAUSLER. 
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In reply to J. C. L.’s recent question, 
in some plants a motor is completely 
enclosed in a wooden or metal box so 
that the ventilation is shut off, or the 
end bells may be solid. 

If a motor is so enclosed, it will get 
as warm when pulling a 5% hp. load, 
say, as it would pulling a 10 hp. load in 
the open. The practical application of 
the nameplate data on J. C. L.’s motor 
is, that if the motor is to be run en- 
closed, the load must be reduced to ap- 
proximately one-half of the normal 
open rating. 


Peoria, III. GEORGE RINGNESS. 
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Grounding Secondary of 3-Phase, 220-440- 
Volt Distribution System—lI wish some 
reader would tell me whether the 
secondary of a three-phase distribution 
System for 220-volt and 440-volt motors 
should or should not be grounded? 
Why? The Standard Handbook says: 
“The grounding of secondaries up to 
150 volts has been required by the 
National Electrical Code since 1913. 
There is some doubt as to the advisa- 
bility of grounding secondaries when 
the difference of potential between any 
wire and ground is higher than 250 
volts, owing to the possibility that 
shocks from such a system may prove 
fatal.” How could a person receive a 
shock from a grounded secondary sys- 
tem when the conduit inside of the 
building is also grounded? Would not 
trouble at once reveal itself? I shall 
appreciate it if you can enlighten me 
185 the why’s and where's of this sub- 
ect. 

Orlando, Fla. H. C. M. 

H. C. M. asked an interesting ques- 
tion on the grounding of three-phase 
secondary systems carrying 220 or 440 
volts. However, I think that he has an- 
swered his own inquiry of “why?” It is 
the practice hereabouts to do as he 
states; that is, ground no secondary 
over 230 volts because of strain on the 
insulation of the conductors. 

As he says, a person cannot receive 
a shock from a grounded secondary 
system when the conduit is also 
grounded, unless the ungrounded wire 
is touched, or the ground wire has be- 
come disconnected. 


Boston, Mass. EDWARD A. GIBBS. 
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In answer to H. C. M. in a recent 
issue, the secondary of a three-phase, 
220-440-volt system should be grounded 
for the personal safety of operators, 
although grounding is not compulsory, 
only optional, by the Code rules. 

If the primary high voltage should 
break down its insulation and cross 
with the secondary winding there is a 
possibility of an operator getting a 
fatal shock from ungrounded appar- 
atus, whereas, if the secondary were 
grounded, the primary fuse, on the 
power-house side, would likely blow, or 
the detector show a bad ground. 

On the other hand, grounding the 
secondary increases the fire risk, for 
with one leg of a 440-volt line metal- 
lically grounded, if the other leg breaks 
down there will be a short circuit, which 
at this pressure will likely start a 
dangerous are. 

One way of handling the situation is 
to not ground the secondary, but to 
rely upon a ground detector located on 
the main switch-board. If lamps are 
used for this, connect them across the 
main secondary feeders permanently. 
If a voltmeter is used, arrange the 
connections so that a testing plug can 


March, 1925 


be inserted. Testing should be done 
frequently, so as to discover a ground 
as soon as possible. f 

Lamps used as a ground detector 
make a real good tell-tale, as they will 
show a ground steadily until it is re- 
moved; also, a “make and break” 
ground will show a repeated flicker, 
which is very noticeable. Lamps cannot 
however show the voltage of any 
ground. 

The voltmeter detector can be used 
on only one leg of the system at a time, 
and although it is not as conspicuous 
in action as are lamps, it will indicate 
the exact voltage of any ground. 

New Britain. Conn. H. S. Ricu. 
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In answer to the question asked by 
H. C. M. in a late issue of INDUSTRIAL 
ENGINEER, in practice nearly all secon- 
dary distribution systems are grounded, 
except secondary systems operating at 
high voltages. The reasons for ground- 
ing are: (1) To minimize life hazard. 
(2) To short-circuit static. (3) To insure 
continuity of service. (4) To provide 
a ground-detector connection. 

The objections to secondary ground- 
ing are: (1) An accidental ground on 
a secondary conductor (if of opposite 
polarity to the permanent ground) may 
and probably will, interfere with the 
service. (2) With the permanent 
ground on the secondary circuit, if the 
ground wire is connected to one of the 
outside wires of the secondary system, 
there then exists between the other 
wire of the circuit, the conductor of op- 
posite polarity, and the ground the full 
voltage of the secondary circuit. (3) 
Grounding of the secondary circuit may 
cause difficulties when tests are being 
made. (4) Permanent grounds increase 
the expense of installation. 

The reason why secondary grounding 
of systems of 150 volts or less de- 
creases life hazard is that an accidental 
cross between the primary and secon- 
dary of a transformer may cause a 
voltage equal to that of the primary 
circuit to exist, if the transformer sec- 
ondary is not grounded, between the 
ground and any current-carrying parts 
of the secondary system. This is the 
case if there is a ground, permanent or 
accidental, on the primary. Even if 
there is no ground on the primary there 
may be electrostatic capacity enough 
to cause danger to any one standing on 
or in electrical connection with the 
ground, and touching any unguarded 
current-carrying parts of the secondary 
system. 

The Code does not require secondary 
systems of over 150 volts to be 
grounded for the reason that higher 
voltages between the ground, or 
grounded point, and any other point in 
the circuit are dangerous to persons 
standing on the ground or electrically 
connected to it and touching a wire of 
opposite polarity. In this case there 
need be no accidental cross on the pri- 
mary. 

If secondary systems of 150 volts 
or more are installed in conduit and the 
conduit is grounded, and effectively 
grounded, the above-mentioned dan- 
gers do not exist so long as there are 
no unguarded current-carrying parts. 
Trouble, as a ground on opposite polar- 
ity within the conduit tubing, would 
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probably cause a current strong enough 
to blow fuses or trip the breaker pro- 
tecting the system. 
Concord, Mass. DONALD FERGUSON. 

XR W XR * 

H. C. M.’s question in a late issue 
deserves more than a perfunctory an- 
swer, as it brings up a number of 
points that must be settled by the oper- 
ating man for each particular system 
concerned, with reference to the actual 
requirements of the case. 

A direct reply to the question should, 
I think, be prefaced by some comments 
concerning the general subject of 
grounding. Grounding may be consid- 
ered from the following three stand- 
points: 

(1) Grounding to reduce the life 
hazard. i 

(2) Grounding to safeguard equip- 
ment. 

(3) Grounding to improve operation. 

(1) The desirability of limiting the 
maximum voltage to ground in circuits 
where it is possible for a person to 
come into actual contact with a live 
conductor is now fully recognized by 
all controlling bodies as well as operat- 
ing companies. It is limited in the 
main to lighting circuits where burned- 
out lamps or fuses may be replaced by 
inexperienced persons who may readily 
come in contact with an exposed con- 
ductor. 

The limit of 150 volts is in fact more 
or less arbitrary, as the exact voltage 
dangerous to life has not been definitely 
established. In up-to-date motor wir- 
ing where the switching and control 
equipment is always more or less, if 
not totally, enclosed the danger of di- 
rect contact is very remote. It is de- 
sirable, however, that the frame of 
each motor as well as the metal frames 
or containers of each piece of control 
equipment be well grounded, to protect 
anyone that might come in contact 
with them. 

This applies especially to equipment 
mounted on an insulating supporting 
structure, in which case the connection 
of the winding to the frame or part of 
the circuit to the metal work might 
allow a considerable difference of po- 
tential to exist between frame and 
ground without any visible indication. 
Anyone touching the frame might, un- 
der certain conditions, receive full 
voltage to ground. If the frame were 
grounded this danger could not possibly 
exist. 

(2) With an ungrounded system it is 
possible to have one conductor actually 
grounded for some time without any 
indications of trouble, but during that 
period the insulation may be weakened 
by the flow to ground of even a small 
current through partial grounds on the 
other conductors. Due to the poor con- 
tacts that usually exist in these cases, 
aided by moisture or semi-conducting 
dust, the insulation may. char for some 
time and the ultimate result may be 
serious breakdown in the equipment. 
While this trouble is more pronounced 
at voltages above 250 it can readily oc- 
cur at even lower voltages. Obviously, 
by solidly grounding such a system 
cumulative trouble can be prevented 
by making a ground noticeable as soon 
as it occurs. 

(3) Supplementing section (2) the 
question of continuous operation is al- 
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ways paramount. A well-known stock 
argument against operating with a 
grounded system is the statement that 
a ground in any motor winding may 
cause an interruption of service. Ex- 
perience indicates, however, that this is 
not the case, as. grounded systems ac- 
tually give less trouble. In fact the 
existence of a ground is immediately 
shown by the blowing of a fuse or the 
tripping of a circuit breaker, or other 
indication. As a result it is necessary 
to clear up any trouble immediately 
and also to give better attention to the 
condition of the motor windings, which 
in turn results in shorter delays and 
better service. 

Coming now to the direct answer to 
the question, it is assumed that the in- 
stallation is supplied with current from 
an outside source, although in general 
similar methods may be used for iso- 
lated plants. 

For a 220-volt system the grounding 
can readily be accomplished by install- 
ing grounding transformers connected 
in star and grounding the neutral con- 
nection; this will give a maximum of 
220 — V3 or 127 volts to ground, which 
is of course, well within the require- 
ments of the National Electrical Code. 
In establishing this type of grounded 
system the secondaries of the ground- 
ing transformers should be connected 
in closed delta so as to reduce the im- 
pedance of the ground circuit to a 
minimum and allow the current to pass 
readily in case a bad ground should 
occur. 

For a 440-volt system the grounding 
may be similarly accomplished, giving 
a maximum of 253 volts to ground. 
While this exceeds the value of 150 
volts previously referred to the fact 
that the control equipment may be en- 
tirely enclosed and the frame of a mo- 
tor solidly grounded makes the possi- 
bility of danger to an operator ex- 
tremely remote. One of the largest 
electrical manufacturing concerns in 
this country has operated for many 
years with such a system without a 
single case of injury which could be 
attributed to shock due to the system 
used. 

The question asked regarding the 
possibility of a person receiving a 
shock due to a ground inside of conduit 
when the conduit itself is grounded is 
answered by the foregoing discussion. 
It is not possible to receive any appre- 
ciable shock from a reasonably well 
grounded system, and the trouble gives 
a definite indication immediately when 
it occurs. 

Summing up the matter, the follow- 
ing points deserve particular consider- 
ation: (a) Grounding a three-phase 
system establishes a definite maximum 
potential to ground, as compared with 
a varying potential for an ungrounded 
system, which potential may reach the 
maximum potential between phases. 
(b) An ungrounded system is an un- 
stable one which can easily develop 
serious trouble because defects do not 
become evident, until they are quite 
serious. 

In other words, there can be no seri- 
ous objection to operating three-phase 
220-volt and 440-volt distribution sys- 
tems properly grounded. 

OTTO VON DANNENBERG. 


The J. G. White Engineering Corp.. 
New York, N. Y. 
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Building Maintenance 
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The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Two Ways to Get Longer Life 
From Eaves Troughs 


AVES troughs are more or less of 

a problem in building mainte- 
nance. If the runs are long, as they 
generally are, the difference in expan- 
sion between the metal trough and the 
building (especially if it has a concrete 
roof slab) is considerable. If the 
trough is suitably hung and braced, it 
expands more than the building, and 
leaks develop in the joints. Sometimes 
the expansion strains pull rivets or 
shear them. 

We went over the eaves troughs at 
this plant recently, and riveted a piece 
of galvanized iron across each joint. 
This was fitted to the inside of the 
trough, and extended 10 in. or 12 in. 
each side of the joint. These pieces 
were riveted well and soldered at the 
ends. This arrangement has, we be- 
lieve, added five or six years to the life 
of the troughs as the metal was per- 
fectly good, excepting at the joints 
where expansion and ice strains had 
broken solder and rivets. 

The outside was painted with a good 
metal paint, and the inside with an 
elastic roof paint. The cost of this re- 
pair was approximately 7 per cent of 
a new set of troughs. The job has 
transformed a long sieve into a real 
eaves trough. 

A neighboring plant has solved a 
similar expansion problem by dividing 
the troughs into 50-ft. sections and 
grading with a steep pitch each pair of 
50-ft. sections to a center downspout. 
The downspout is connected to a sewer- 
tile drain laid parallel to the building. 
This gives a downspout in the center 
of each 100 ft. of eaves trough. 

The advantages are steep pitches, 
expansion well taken care of and longer 
life of the installation. Balanced 
against this is the extra cost of down- 
spouts, which is a small percentage of 
the total building cost. 

In new construction see that the 
trough specifications call for heavy 
metal, heavy braces, short lengths, 
good pitch, plenty of downspouts and 


a way to dispose of the water after it 
is off the roof. Keep the troughs well 
painted both inside and out, and while 
they may not be a thing of beauty, 
awa will be a joy, for a long time at 
east. 


Plant Engineer, 
Gardner Machine Co., 
Beloit, Wis. 


S. W. STEARNS. 
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Method of 
Preventing Rods From Turning 
With Turnbuckle 


N TIGHTENING turnbuckles, it is 

usually necessary to place a pipe 
wrench on one or the other of the two 
rods being tightened in order to pre- 
vent them from turning or being loos- 
ened from the connection at the other 
end of the rod. 

If the ends of the rods are halved as 
shown at (A) in the accompanying illus- 
tration, they can be prevented from 
turning when assembled with the turn- 
buckle, as shown at (B). 

When tightening or loosening the 
turnbuckle, the rods will now tend to 
turn together. They will not turn, how- 
ever, for one rod or the other will 
tighten into the nut or socket on its 
other end and thus prevent rotation. 

This is a simple idea which is easily 
applied to any turnbuckle, where the 
length of the rods is sufficient for 
threading and halving the end. 
Washington, D. C. G. A. LUERs. 


End of rod halved 
fo form bearing seat. 


The ends of the rods in the turn- 
buckle are halved as shown at A. 
When assembled as shown at B, both 


rods tend to turn together. This is not 
possible, however, because of the end 
connections on the rods and in conse- 
quence the rods do not turn, when the 
turnbuckle is moved in either direction. 
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Simple Method of Cleaning Sludge 
From Fuel Oil Tanks 


LUDGE is a black, sticky asphaltic 

“end” contained in fuel oil. It 
emulsifies with water forming an in- 
combustible mass in some cases, chokes 
strainers and pipe lines, carbonizes 
burners, causes smoke, and when used 
as a fuel for Diesel or internal combus- 
tion engines, jeopardizes the cylinder 
walls and valve motion by introducing 
sand or grit that is entrained. When 
cleaning fuel oil tanks and pipe lines 
everybody around the plant from the 
“Old Man” to the oilers are smeared 
with the black, sticky, smelly, oily sub- 
stance. It is a disagreeable, costly job 
at best. 

There are several methods now used 
to handle this proposition. The old- 
time method was to pump as much oil 
and sludge out as possible. Then the 
tank was opened and laborers in rubber 
boots with shovels, hose and buckets, 
scooped and bailed out the remainder. 
A wash-down with kerosene and 
brushes and a subsequent wiping out 
with rags followed. It was a long, hard 
job, expensive because the labor factor 
was the predominant cost, and danger- 
ous because of the deadly gases con- 
tained within the tanks. This made it 
necessary to air the tanks even after 
filling with water for as long as 48 hr. 
after emptying. 

The first advance came when high- 
pressure steam was introduced to the 
job. The heat of the steam served to 
lower the viscosity of the sludge and 
permit more complete emptying of the 
tank with pumps and bleeder lines. 
Then, too, the side walls and top were 
cleaned more or less by the heat and 
moisture of the steam. 

Some of the large oil companies re- 
sorted to the use of naphtha after the 
tank was wiped down and subsequently 
re-distilled the naphtha. This was more 
effective, but the use of this material 
is prohibited in most plants, due to cost 
and fire hazard. Moreover, the tanks 
must still be wiped by hand. 

With this in mind, engineers turned 
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to lye. Here was a means of cleaning 
oil out without expensive hand wiping. 
Accordingly the tank was emptied and 
a hot, strong solution of “lye” (sodium- 
hydroxide), was pumped in and a steam 
line connected. After about an 8- or 
10-hr. boil the solution was pumped out. 
The tank was much cleaner but here 
and there, particularly around seams 
and rivets, it was necessary to wipe it 
down. However, the strong caustic 
vapors made life miserable about the 
place; overalls fell to pieces, skin peeled 
off the men’s arms and faces, and in 
some cases, “caustic boils” appeared in 
a few days. 

Search was then made for a material 
that would either modify the alkali ef- 
fectively or replace the use of caustic 
entirely, and be commercially practi- 
cable. Many materials that were found 
to be effective in the laboratory, were 
impractical because of cost of manufac- 
ture. Finally a method of using alkali 
was found, so that it would not cause 
burns nor poison sores, and yet was ef- 
fective. 

Briefly the process is as follows: A 
hot solution of 4 to 6 oz. per gal. of a 
special compound (International Chem- 
ical Co., Philadelphia, Pa.) is run into 
the tank. A live steam hose from a 
small portable boiler is inserted into 
the compartment and the whole mass 
boiled for one hour. During this time 
the sludge is loosened and emulsified 
and floats to the top. The condensing 
steam adds just enough water to the 
tank to cause this emulsion to overflow 
the vent pipe and thus carry away the 
loosened oil. At the end of the hour, 
the solution is transferred to the next 
tank or compartment and the process 
repeated. There are no objectionable 
odors. A flame may be carried with 
perfect safety into the tank as soon as 
it is emptied. The entire tank is clean; 
seams, rivets, corners—in fact, water- 
white gasoline may be carried without 
contamination. 

The cost is extremely low; about 2 
cents per gal. for the solution and a 
minimum of hard labor are required. 
There is no wiping; the tanks are sim- 
ply boiled out and emptied. In the case 
of ships the time required for cleaning 
the tanks is reduced from approxi- 
mately two weeks to one day. The 
saving in this case is large. 

The same method may be used for 
cleaning tank cars as well as fixed 
tanks. In tank car cleaning one solu- 
tion can be re-used on as many as seven 
to ten cars, depending on the amount 
lost in transfer, evaporation and other- 
wise. To clean pipe lines, it is ‘only 
necessary to pump the solution through 
them. Where there is a circulating 
system, this is very simple matter, as 
the solution will not injure pumps, 
valves or strainers. The cleaning solu- 
tion may also be used to clean up the 
floor, walls and pumping machinery. 


Technical Division, W. B. CLARKE. 
International Chemical Co., 
Philadelphia, Pa. 


Using Lever to Find Weight of 


Heavy Machine Parts 


FTEN it is desired’ to- know the 

weight of pieces that. are too 
heavy for scales at hand or that are so 
located that they could not be weighed 
even if there were available scales of 
the proper capacity. i 

Complete machines or heavy castings 
are not readily moved about under the 
best of circumstances. The heaviest 
spring balances in ordinary use run 
only to 500 lb., while the average plat- 
form scale of the portable or pit type 
weighs up to 1 ton—these are useless 
for all but “light” machinery. 

A knowledge of the weight of bulky 
parts is desirable for many reasons, 
such as, to prevent overloading floors, 
to properly fill out shipping forms, to 
build adequate foundations, and to 
safeguard men and handling facilities. 

The worst kind of accidents have 
been caused by weak blocking, flimsily 
built supports, machines that have 
been raised with a bar or otherwise 
and, lacking proper balancing, have 
toppled over on an unfortunate work- 
man, or parts that were being erected 
from scaffolding by main strength or 
suspended from frail slings. Not real- 
izing the weights involved and the 
danger resulting from the least slip, 
millwrighting is carried on in this way 
and, when the slip does occur, the part 
always comes DOWN. 

In the case of a new machine, 
weights may be obtained from the 
makers, but with one that has seen 
many years of service, there is gener- 
ally no way to get the weight except by 
an actual scale reading or its equiva- 
lent. A computation by volume may 
be only an approximation because of 
inaccessible portions and irregular 
shapes which make the computation 
only a high-brow guess. When it 
comes to moving such pieces from floor 
to floor or out of a building, cranes and 
floors may show up their weakness and 
an accident result. It is not necessary 
to consider the heaviest equipment, in 
order to see how true this is. Ma- 
chines about the size of a No. 4 Toledo 
press, a 20-hp. steam engine or a 40-in. 
planer will serve as illustrations. What 
would happen if 2-ton handling equip- 
ment were all that was available for 
moving these? 

The lever provides a means of check- 
ing the weight of almost any piece up 
to 30 tons. With a fulcrum placed 
close to the part of unknown weight 
and a suitable lever, one or more men 
or a known weight can be placed at 
measured distances to balance the load. 
This procedure repeated at the two 
ends of a part will give the weight suf- 
ficiently accurately for all practical 
purposes. The calculations are by in- 
verse proportion of the simplest kind. 
The accompanying drawing shows 
how a planer was weighed. The ma- 
chine was being rebuilt in the shop 
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How a heavy planer bed was 
weighed without the use of scales. 


The weight of each end was found ap- 
proximately by determining the weight 
required on the outer end of a lever, 
supported by a fulcrum, to balance the 
weight of the bed. The distance of the 
fulcrum from each end of the lever was 
known and when the weight required 
to balance the planer bed was deter- 
mined the weight of the latter was cal- 
culated by simple proportion. 


where it was used and one of the jobs 
was planing the ways on both table and 
bed. To do this, of course, the machine 
had to be entirely dismantled and the 
parts named had to be put on another 
planer. The table was estimated at 2 
tons weight (from volume computa- 
tion) and this was checked by lever 
also; this part was within the overhead 
handling facilities, it was known, but 
was checked anyway. But the bed was 
much heavier and it had to be lifted 36 
in. from the floor and then moved side- 
wise to an adjoining planer. What was 
the weight of that bed? There were 
too many inside braces, rounded cor- 
ners and too much core work to get 
anywhere near the volume by calcula- 
tion. The simpler method, in any case, 
is as follows: 

A bar of steel was picked out from 
the stock rack. Then, a block of suit- 
able height for the planer bed’s open- 
ing was placed between the feet and 
on this a piece of iron that had been 
ground off rounded on top. This iron 
block was placed at a measured dis- 
tance from the point of application of 
the lever. The rounded top to the ful- 
crum is better than a flat surface be- 
cause the flat top does not offer a defi- 
nite measuring position inasmuch as 
the lever moves through an arc. 

A 220-lb. workman did the “weigh- 
ing.“ He knelt down and rested his 
whole weight on the free end of the 
bar, raising himself just clear of the 
floor in so doing. By successive trials, 
the position where his weight balanced 
that of the planer was found. On the 
drawing, the location of his two hands 
is shown by heavy black. When the 
balancing position was found, a meas- 
urement was taken from the center of 
the hands to the planer. 

The calculation is as follows: 

(220 X 100) — 4 = 5, 500 lb. 

Or, by proportion: 220: x = 4:100. The 
results are the same in either case. The 
operation was repeated on the other 
end; the weight there was found to be 
3,520 lb. Thus the weight of the ma- 
chine part was definitely obtained as 
the sum of the two weights or 9,020 
lb. This was accurate enough for our 
purpose and enabled us to arrangé 
handling facilities that were both ade- 
quate and safe. 

When the lever is used for weigh- 
ing, it is important that it be placed in 
a horizontal position. If this is not 
done, a true measure will not be ob- 
tained. To arrange the lever in hori- 
zontal position, it is only necessary to 
provide suitable blocking under the 
fulcrum and to have it slightly “high” 
rather than low as the weight need be 
lifted only a half-inch, or thereabouts. 
Do not try to lift both ends of the 
machine at the same time as it may. 

DoNALD A. HAMPSON. 


p. 
Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. T. 


Electrical Service 
Around the Works 


Method of 


Protecting Plug and Receptacle 
for Portable Machine 


NSULATION of a portable sand cut- 
ter in a foundry presented a prob- 
lem in selecting or designing a suitable 
plug and receptacle and mounting them 
so as to secure the desired flexibility of 
operation with the maximum protec- 
tion from damage. 

The sand cutter, which does as much 
work as four men cutting molding sand, 
operates 9 hr. a day. It is driven by a 
744-hp. motor and is supplied through 
a No. 4 line, in order to avoid a heavy 
voltage drop at full load. The wiring 
is all in conduit and power receptacles 
are located at convenient points around 
the foundry. 

The flexible cable by which the sand 
cutter is connected to the power recep- 
tacle is carried over wooden pulleys to a 
small reel which is mounted on the sand 
cutter and driven by a chain so that it 
automatically pays out or reels up the 
cable as the machine moves. An ad- 
justable brake band holds the reel just 
tight enough to prevent slipping. 

The type of plug and receptacle 
shown in (A) of the illustration was 
adopted for use, and mounted as shown 
in (B). These plugs and receptacles 
are split and can be made with an iron, 
aluminum or hardwood shell. They are 
about 6 in. long and 3% in. or 4 in. in 
diameter, depending on the material 
used. 

Where the contact parts are of the 
pin-and-tube type, the pins must be 
tapered and the tubes split to insure 
tight connection. As will be seen, the 
receptacle is suspended from the end of 
the conduit, which is firmly fastened to 
the supporting I-beam, by a short 
length of standard, flexible cable. The 
plug is, of course, connected to the end 


Details of plug and receptacle, A. 
In B is shown how the flexible cable 
is supported by a chain suspended 
from an overhead beam, thus pre- 
venting the plug and receptacle 
from being pulled apart. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 


tion, overhauling, testing or special installations. 


of the flexible cable on the sand cutter. 
A half-round, split clamp is bolted 
around the cable about 3 ft. from the 
plug. One side of the clamp has a hole 
at one end to accommodate a hook at- 
tached to the loose end of a short length 
of stout chain which is suspended from 
a clamp fastened to the I-beam. By 
this arrangement the weight of the 
cable is supported by the chain, so that 
under no circumstances can the plug 
and receptacle be pulled apart, or any 
strain be placed on them. 

Protected in this manner, the plug 
and receptacles have not given any 
trouble. The same scheme could be 
used to advantage on any piece of port- 
able equipment which requires a heavy, 
flexible cable, or where there is danger 
of the cable being pulled. 


Jamestown, N. Y. 


H. S. RICH. 


Method of 
Making a Sleeve Splice on 
Heavy Cables 


N REVAMPING an existing system of 
cables behind a switchboard, some 
of the cables were found to be too short 
while others were a trifle long. The 
long ones could be cut off and lugs 
soldered to them, but the short ones had 
to be spliced out. There was no strain 
on the wires and it was decided that a 
sleeve splice would be the most adapt- 
able. It would have good conductivity, 
have a fair tensile strength if the 
sleeve were of sufficient length and 
would not be too bulky when taped. 
The ends of the cables to be spliced 
were prepared as shown at A in the ac- 
companying illustration. As can be 
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seen the inside wires were cut out of 
one cable and the outside row of wires 
cut off from the other cable, thus mak- 
ing the left hand cable the female end 
of a joint. After the wires had been 
well cleaned and fluxed with soldering 
paste a wooden mandrel was inserted 
in the female cable and the loose wires 
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The strands of the two cables are 
cut and formed as shown at (A). 


The male cable is then placed in the 
female and the joint encircled with a 
copper sleeve, as shown at B. The ends 
of the sleeve are calked with clay to 
prevent the melted solder from running 
out during the soldering operation. 


were tightly bound with wire as shown. 
This was done to hold the wires tightly 
together after the mandrel was re- 
moved. 

A copper sleeve was then inserted 
over this cable in the manner shown at 
B in the illustration, and the male cable 
inserted into the combination as is 
shown. When the sleeve is in place, the 
banding wire around the female cable 
may be removed. The sleeve should be 
long enough to extend 1 in. on both 
sides of the places where the wires were 
cut. This will hold the joint rigid and 
prevent it from breaking open when 
handling and bending the wires while 
working it into place after the joint is 
finished and taped. 

The copper sleeve can be made from 
a piece of tubing. An inspection slot, 
about % in. wide should be cut through 
the entire length of the sleeve. In case 
a piece of tubing is not to be had con- 
veniently, a piece of copper sheet Me in. 
thick can be tinned on one side, cut to 
the proper length and width, and bent 
into shape. 

The copper sleeve should be placed 
with the inspection slot on top. Clay 
was smeared around the edges of the 
sleeve to prevent the melted solder from 
running out of the ends of the joints, 
and varnished cambric tape wrapped on 
top of the clay and insulation to keep 
the latter from charring, and to pre- 
vent the clay from flaking off as the 
joint is dried out by the heat of the 
torch. The object in using varnished 
cambric tape under these conditions, is 
that it neither smokes nor flames up 
from the fire of the torch, which is a 
very desirable feature. 

The joint was thoroughly heated and 
kept hot by two torches and melted 
solder poured from a ladle into the in- 
spection groove of the copper sleeve. 
Even after the groove becomes full of 
solder, it is advisable to keep the torch 
on the joint for a little while, so that 
the solder will permeate the wire thor- 
oughly. 

The torches were removed and the 
joint cooled slowly by means of a damp 
rag placed on the under side. As the 
solder contracted, as was apparent by 
its disappearing from the groove, more 
solder was added from the ladle. This 
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contraction will continue before the 
solder hardens, so that it may be neces- 
sary to add more solder two or three 
times. After each addition of melted 
solder, apply the torch again for a short 
interval so that the solder bonds and is 
homogeneous. 

A little practice may be necessary to 
make a good splice by this method but 
it is well worth the effort. 

Oakland, Calif. S. H. SAMUELS. 
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Method of 
Paralleling Alternators Coupled 
to Same Shaft 


HE original installation in a small 

power house consisted of a 125-kw. 
alternator and a water wheel of double 
the power capacity of the generator. 
Later on the owners had the opportu- 
nity of purchasing second-hand an ex- 
act duplicate of the original generator, 
and installed it on the same water 
wheel shaft. For a while they used 
either generator on the load, but never 
used both at the same time as they 
were only supplying one circuit and the 
load did not require it. However, when 
the load, which was a small town light- 
ing load, outgrew the one generator it 
became desirable to arrange the two 


machines for simultaneous operation in 


parallel in order to take care of the 
load. 

The two alternators were mounted on 
opposite sides of the prime mover, and 
connected to the waterwheel shaft 
through couplings as shown in the ac- 
companying diagram. Of course, the 
only thing to be determined was the 
exact mechanical relationship of the 
two fields in order to have them operate 
with a minimum cross current. 

The bolts were removed from the 
coupling (M) which connects gen- 
erator (A) to the waterwheel. The two 
halves of the. coupling were then tied 
together with strings sufficiently strong 
to permit the alternator to be brought 


The bolts were removed from the 
coupling at M and the two halves 
tied together with string. 


Both machines were brought up to 
speed and paralleled. This operation 
broke the strings at M, but alternator 
A continued running as a motor sup- 
plied from alternator B. A chalk line 
was snapped against the coupling M, 
thus marking the position in which the 
two coupling halves should be bolted 
together. 
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up to speed when the waterwheel was 
started. Alternator (B) was left per- 
manently coupled to the other end of 
the shaft. The waterwheel was started 
and brought up to speed, and the fields 
of generator (B) and also of generator 
(A) were partially excited. The switch 
between the two machines was then 
closed, the machines pulled into step, 
and by this operation the relatively 
weak strings tying the coupling on al- 
ternator (A) were broken, leaving ma- 
chine (A) running independently as a 
synchronous motor supplied by power 
from machine (B) running as a gen- 
erator. 

It was only necessary then to bring 
the voltage up to normal and adjust the 
excitation of either machine until the 
circulating current was a minimum. At 
this point the two machines were of 
course in correct phase relationship. A 
chalk line was then stretched across the 
flanges of the coupling at (M) parallel 
to the shaft and snapped against the 
coupling while the machines were run- 
ning at normal speed. The machines 
were then stopped and three clearly de- 
fined impressions of the chalk line were 
found on the two flanges of the coup- 
ling. The chalk lines on the two flanges 
were then brought exactly into line and 
the couplings bolted together in the 
new and correct position. 

It was necessary to ream out the 
holes in one-half of the coupling in or- 
der to bolt it together in exactly the 
right position. In some cases it might 
be necessary to bore new holes in one- 
half of the coupling, as it is unlikely 
that the original holes would be found 
to agree. 

These machines have been running in 
parallel with perfect satisfaction ever 
since and I believe that this was a very 
simple way of handling the situation, 
as practically no special equipment or 
instruments were needed. 

President, R. S. HUNTINGTON. 
Huntington & Guerry, Inc., 
Greenville, S. C. 
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Inspection and Testing of Oil 
for Circuit Breakers 


N a paper on safe operating and in- 

spection practice for circuit break- 
ers and starting devices, presented at 
the recent Safety Congress, held at 
Louisville, Ky., G. F. Mac Williams, elec- 
trical engineer of the Pennsylvania 
Coal & Coke Corporation, Cresson, Pa., 
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gave the following interesting infor- 
mation on the inspection of oil switches 
and the filtering and testing of the oil 
used in them: 

Some oil switches are often required 
to open circuits carrying currents 
much larger than those for which the 
switch is designed. The oil is placed 
in these switches to prevent an arc 
being formed when the current is inter- 
rupted. These arcs cause carboniza- 
tion of the oil, which reduces the in- 
sulating characteristics and may cause 
trouble. Dust and dirt also enter the 
tanks and in many cases form a con- 
ducting material. 

Whenever an arc is broken under oil 
the oil dissipates some of this heat and 
itself becomes heated. This causes an 
expansion of the oil and a certain quan- 
tity of air is expelled from the tank. 
When the oil cools and contracts, it 
causes new air to be taken into the 
tank. If this air contains moisture, 
which it nearly always does, fine par- 
ticles of water vapor form on the sides 
of the tank and drop into the oil. 

If much moisture and dirt is per- 
mitted to collect in the oil and tank, a 
heavy arc may cause the switch to ex- 
plode. Switches of this type with ver- 
tical contact boards permit dust and 
dirt to drop into the tank rather easily, 
whereas horizontal boards prevent 
much of the dust from getting into the 
oil. Dust and dirt collect on the out- 
side of a switch, due to the presence 
of oil which holds any floating particle 
of dirt which comes in contact with it. 
Dust and dirt in this manner form a 
conductor between the switch terminals 
and often cause leakage of current to 
ground or from one line wire to an- 
other. | 
To avoid accidents it is necessary, 
therefore, to keep the switch as clean 
as possible and make periodic inspec- 
tions of all current-carrying parts and 
also of the oil. Sludge in the bottom of 
an oil tank may become so deep as to 
cause current to leak from one of the 
line wires to ground. ` 

Depending upon the service rendered 
by an oil switch, the oil should be 
changed every month or every few 
years. In dusty, damp places it may 
be necessary to renew the oil every 
few months.. In clean dry places it may 
be necessary to renew the oil not of- 
tener than every four years. No set 
rule can be formulated, as the time will 
depend on the location and severity of 
the service. Every oil switch should 
be inspected at least once a year. 

At our mines, unless a switch has 
been in abnormal service, it is in- 
spected once a year. If moisture or 
sludge appears in the tank, it is cleaned 
out, the contacts adjusted and new oil 
put in. Any oil which appears to be 
satisfactory is tested before it is used. 
Oil that appears to be good is often, 
upon further inspection and test, found 
to be unsuitable for further use until 
filtered. For this purpose a filter press 
is provided. 

New or filtered oil must not break 
down at a voltage less than 35,000 volts 
when tested between sphere gaps %-in. 
in diameter and set 0.15 in. apart. The 
flash point should not be lower than 
171 deg. C and the fire point not less 
than 178 deg. C. 
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Accessibility of 
Fuses Is Big Factor in Laying 
Out Power Circuits 


T HAS been the accepted custom 

for years to run a set of mains 
along the ceiling of a mill or factory 
and where it is necessary to branch off 
for a motor, to place a cutout or set of 
cutouts where the change in size of 
wire is necessary. At last “the powers 
that be” are seeing the light and the 
1923 National Electrical Code reads as 
follows: 

“Article 8, Section 808, paragraph D. 
—Automatic overload protective de- 
vices may be omitted at the point 
where conductors carrying the current 


No.2 conductors 
fi „Ma 8 condictors., 
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Fusing for power circuits where 
two or more motors are connected 
to the same mains. 


of only one motor are connected to the 
mains, provided their current-carrying 
capacity is at least one-third that of 
the mains and the length of the con- 
ductors between the mains and the 
motor protective devices is not greater 
than 15 ft. and they are suitably pro- 
tected from mechanical injury.” 

At last, under the above conditions, 
we can get away from the old method 
of getting a ladder and climbing up 
among a wilderness of shafting, pipes, 
belts, and the like, (and probably get- 
ting a nice static kick from the belts) 
simply to renew a fuse in a branch 
circuit. 

From the accompanying diagram 
the advantage over the old methods of 
installation will be readily seen. In 
addition, under these conditions there 
is a saving of three complete sets of 
fuses. The life hazard has been elim- 
inated and the troubleman can feel that 
when a fuse blows it is only a mo- 
ment’s work to replace it. 

Time is saved in MAINTENANCE 
and cost is saved in INSTALLATION. 
Besides, a much better job is possible 
from the standpoint of good engineer- 
ing practice and safety. 


EDWIN V. LAMBERT. 
Electrical Inspector, 
Philadelphia Fire Underwriters’ Assoc., 
Ardsley, Pa. 
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Clean Reflectors Essential for 
Efficient Lighting 


An the only reason for buying 
reflectors for overhead industrial 
lamps is the expectation of saving just 
about one-half of the light that we 
know the bulb is producing; approx- 
imately half of this goes up, and half 
goes down. A clean reflector will save 
pretty nearly all the upward light, 
while a dirty reflector will not save 
any. No one has ever found any kind 
of dirt that will reflect light. 

The greatest problem in reflector 
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cleaning is accessibility and when we 
stop to consider what the reflector 
cleaner has to do to get at many of 
the overhead lamps, it is easy to un- 
derstand how so much money has been 
lost—wasted—in industrial lighting. 

Obviously, the most logical solution 
of this problem is to make the work 
easy and safe by installing overhead 
lamps on a safety lowering switch, 
operated from the ground by a rope 
or chain. Then, instead of doing any 
climbing at all the lamp cleaner pulls 
the chain, whereupon the lamp is auto- 
matically disconnected from the electric 
circuit and comes down free, and dead. 
The cleaning is thus done in safety, 
with convenience and efficiency, down 
on the ground. When the lamp is 
pulled up again it goes automatically 
back into the circuit and locks. This 
not only eliminates the climbing hazard, 
but also any electrical hazard, for the 
lamp cleaner is kept away from the 
electric circuit. 

While the use of a safety lowering 
switch increases the cost of the instal- 
lation somewhat, that is exactly true 
of the reflector, for it also adds to the 
cost of the installation. The reflector 
costs more than the bulb and does not 
produce any light—that is done only by 
the bulb—and only a clean reflector 
will save any light. Yet, if anyone 
today had a plant full of bulbs without 
reflectors it is reasonable to assume 
that he would not hesitate to spend 
whatever amount of money was neces- 
sary to put a reflector on every one of 
those bulbs. Why? He will not be 
producing any more light than he had 
before, and unless he keeps the reflect- 
ors clean he will not save any light. 

The answer is that the public mind 
has now become educated to the “idea” 
of a reflector, just as the public mind 
has become educated to the idea of 
conduit, conduit fittings, fuses, etc., all 
of which add enormously to the cost of 
the installation, but the only question 
now is, “What kind?” So, while the 
safety lowering switch may add some- 
thing to the cost of the installation, 
there is no more reason for omitting 
it than for omitting any other device 
that may be essential to the proper 
functioning of the lighting equipment. 

If the bulb had been sufficient with- 
out the reflector it is a certainty that 
the reflector manufacturers would 
never have made any headway with 
their product. The combination of 
bulb and reflector will give marvelous 
results when new—while they are 
clean and bright and sparkling; but 
their efficiency falls off with every 
particle of dirt that accumulates. 
While it is impossible to prevent the 
dirt from getting on the lamps, we 
do not have to let it stay there, al- 
though we probably will if the lamp is 
installed where nobody can do the 
cleaning without great difficulty or 
hazard. The modern industrial light- 
ing unit costs too much for merely 
temporary results, and it is too good a 
piece of apparatus to be wasted. 

It is reasonable, therefore, to add 
enough to the installation to make it 
work, and to enable it to give the con- 
tinuous results of which it is capable. 


President, ALLISON J. THOMPSON. 
The Thompson Electric Co., 
Cleveland, Ohio. 
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Mechanical Maintenance of 


Power 


How to Make a Motor-Driven 
Crushing Device 


REAKING up old annealing kiln 
pots was a hard and troublesome 
job until we constructed the pot 
crusher which is shown in the illustra- 
tion. This device has worked so satis- 
factorily that a description of it may 
be of interest to readers of INDUSTRIAL 
ENGINEER who may have use for a ma- 
chine which will exert a heavy crush- 
ing pressure. 
. As will be seen, the crusher consists 
essentially of a shaft threaded for a 
distance of 2% ft. with a worm screw 
which passes through a heavy, threaded 
bearing and is driven forward or back- 
ward by a motor through a gear which 
is keyed to the shaft so that it will turn 
the latter but allow it to move endwise. 
Two parallel 8-in. I-beams, 8 ft. long, 
form the base of the crusher. 
The shaft is 6% ft. long and has cut 
in it a worm screw of four teeth to 
the inch for a distance of 24% ft. at the 
forward end. The screw portion of the 
shaft is 2% in. in diameter. The re- 
maining 4 ft. of the shaft is 27/6 in. in 
diameter and is smooth. A long key- 
way % in. wide and % in. deep is cut 
in the end of the shaft. A key in the 
large gear, which is 26 in. in diameter 
and has 104 teeth, fits loosely enough 
in the keyway to allow endwise move- 
ment of the shaft. The forward end of 
the shaft is fitted with a hard steel pin 
1 in. square which is set about 2 in. 
into the shaft. The forward bearing is 
8.in. square and carries a brass sleeve 
1 in. thick through which the worm 
screw on the shaft threads. The rear 
i for the shaft is, of course, 
plain. Two long l-in. rods tie the 
bearings together and serve to equal- 
ize the stress on the front bearing. 
The shaft is driven by a 15-hp., 
60-cycle, three-phase, 1,165-r.p.m., slip- 
ring General Electric motor whose 


Details of a motor-driven crusher 
in which the force is applied 
through a long worm screw. 
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shaft carries a 3%4-in. pinion with four- 
teen teeth. The motor is mounted at 
one side of the shaft on two short 
lengths of channel iron bolted across 
the I-beam support. With this outfit, 
we use a General Electric reversible 
controller, type CR3203, T133B with a 
type CR3223 resistor. 

At full speed, the worm screw ad- 
vances at the rate of 1 ft. in 18 sec- 
onds, and gives enough power to crush 
in one side of a pot and crack it into 
two pieces which are then thrown back 
into the furnace and remelted. These 
pots are 22 in. square, 12 in. high and 
1 in. thick. On cold days this machine 
will crack the iron pots as fast as two 
men can handle them, but in warm 
weather the pots will bend a long way 


before they will break. 
New Britain, Conn. H. S. RIch. 
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Construction and Operation of 
Spur Gear Speed Reducers 


PUR gear speed reducers are to- 

tally- enclosed spur-gear drives de- 
signed to decrease or step down speeds 
between electric motors and compara- 
tively slow moving machines. In appli- 
cation they are interposed between the 
motor and the driven unit. A flexible 
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coupling connects the motor shaft to 
the high-speed reducer shaft, which is 
thus driven directly at the motor speed 
of revolution. Another flexible coup- 
ling connects the low-speed shaft of the 
reducer to the shaft of the driven ma- 
chine, causing rotation at a relatively 
low speed. The final speed of the driven 
machine is governed by the revolutions 
per minute of the motor, and by the re- 
duction ratio accomplished by the re- 
ducer. 

Spur gear reducers are most gener- 
ally made in reduction ratios ranging 
from 4 to 1 up to 200 to 1, although 
there are many cases in which smaller 
or larger ratios are required. Spur gear 
reducers consist essentially of one or 
more trains of spur gears assembled in 
a housing, with provision for oil bath 
lubrication. They are manufactured in 
a wide range of standard sizes, horse- 
power capacities and ratios. The ratio 
of reduction when once selected is con- 
stant; so in this connection they should 
not be confused with a change-speed 
box or variable-speed transmission. 

The speed reducers fall into two gen- 
eral types so far as internal design is 
concerned. In one type the high- and 
low-speed ends are concentric, thus 
making a straight-line drive. In the 
other the high- and low-speed shafts 
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are not concentric, giving an offset 
drive. Each style has certain advan- 
tages of its own, while many general 
advantages are common to both. As an 
example, space conservation in one in- 
stance might call for the concentric 
type, while under different installation 
conditions the offset type might be 
found more suitable for the location 
and as a space saver. 

Offset reducers are designed with one 
or more trains of spur gears assembled 
in a cast-iron housing in which the 
housing is split horizontally on the cen- 
ter line of the shaft. The shafts are 
thus all in the same horizontal plane. 
The gear assembly is somewhat similar 
in arrangement to an ordinary open, 
spur-gear drive. 

Inasmuch as each pinion and gear is 
required to carry the full load at the 
point of contact where each gear en- 
gages, the pitch diameter and face of 
the gears must be proportioned with 
this in mind. That is, the gears must 
be larger and the pitch line velocity 
greater than if the load were distributed 
between two or more sets of gears. 

The straight-line or concentric drive 
is entirely different. It consists of one 
or more trains of spur gears having 
several points of contact where each 
train engages. This is done by sur- 
rounding a central driving pinion by 
two, three or more gears equally 
spaced, the central pinion driving each 
of the surrounding gears, thus provid- 
ing separate points of contact for each 
train. 

The assembly is made in a cast-iron 
housing of circular section with remov- 
able heads. The high- and low-speed 
ends are concentric, and have the same 
direction of rotation. Due to the total 
load being distributed among several 
points of contact, the gears may be de- 
signed with a finer pitch, with smaller 
pitch diameters and consequently with 
lower peripheral velocities than when 
single-point contact is used. Also, small 
gears lend themselves te better accur- 
acy and in manufacturing can be held 
commercially to closer limits. 

Spur gear speed reducers of the types 
under discussion have been manufac- 
tured for about 20 years and probably 
owe their early popularity if not their 
actual existence to the cement industry. 
The atmospheric conditions in cement 
mills are such that exposed or open gear 
drives quickly deteriorate, due to the 
destructive action of the cement dust. 
The advantages of the enclosed speed 
reducer apply to other industries even 
though atmospheric conditions are not 
so serious. 

Economy of space in many instances 
is also an important consideration. The 
safety feature, due to its enclosed con- 
struction, reduces the accident hazard. 
Further, the fact that the gears are 
running in an oil bath, under dustproof 
conditions, insures positive lubrication 
at all times with a minimum of atten- 
tion. 

This self-lubrication feature has 
proved particularly important in obtain- 
ing accentance for the enclosed reducer 
idea. Totally-enclosed speed reducers 
running in a bath of oil reduce depre- 
ciation and upkeep expense to the mini- 
mum in the important department of re- 
ducing speeds in power transmission 
practice. 
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Since reducers with motors do away 
to a large extent with pulleys and belts 
and other space-consuming devices, they 
do not interfere with the diffusion of 
light, and help to make the factory 
more attractive. 

The question of initial cost is, of 
ccurse, an important factor in almost 
any sale. Although the cost of install- 
ing speed reducers varies, it can be said 
that they are not more expensive than 
other methods of obtaining reduced 
speeds when the jobs as installed and 
ready for operation are compared. It 
is true that the cost of various units 
such as gears, belts, ropes and shafting 
may be lower, but the cost of laying 
cut, assembling, installing and adjust- 
ing these various units must be con- 
sidered. The enclosed reducer has a 
big advantage in upkeep cost. As the 
motor and reducer are mounted on a 
single base and connected to the final 
drive by a flexible coupling, alignment 
and bearing troubles are done away 
with. 

A few of the more common applica- 
tions of speed reducers are on elevat- 
ors, conveyors, feeders, agitators, mix- 
ers, cookers, screens, stokers, tables, 
fans, dryers, crushers, car hauls, pumps, 
hoists and gas producers. 


Mechanical Engineer, WARREN G. JONES. 


W. A. Jones Foundry & Machine Co., 
Chicago, III. 


5 
Bearing Cost 
Decreased by Using Steel Pipe 
in Place of Cast Shell 


ANY motors, in particular the 

railway motor type 12-A and 
47-D, use a cast-steel shell. It has been 
found that a saving of more than $1 
per bearing on new bearings for the 
railway-type motors may be realized 
by using steel pipe for the shell instead 
of a steel casting. 

It was found that steel castings for 
bearing shells for the 12-A and 47-D 
motors cost about $240 per hundred. 
The cost of 4%-in., XX steel pipe and 
its cutting runs about $136 for the same 
number of bearings. 

A further saving can be made in the 
machine work on the steel pipe bear- 
ing, for the pipe may be worked faster 
than the steel castings, which may 
have sand and hard spots in the surface. 
Electrical Engineer. D. W. BLAKESLEE. 


Jones & Laughlin Steel Corp., 
Pittsburgh. Pa. 


Motor Trouble Traced to Tight 
Pump Bearings 
OME time ago I was sent to a mine 
to ascertain the trouble with a 
centrifugal pump motor. The only in- 
formation given by the master mech- 
anic at the mine was that the motor 
would not come up to its proper speed 
under load. He did not state whether 
the motor was direct or alternating 
current. Accordingly I collected a mis- 
cellaneous supply of material and tools 
and departed for the mine. 

Upon arriving there I found the 
pump to be a horizontal type, direct 
connected to a self-starting a.c. motor 
running at 1,800 r.p.m. The mine 
mechanics had already disassembled 
the motor and had the rotor out of the 
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stator. I carefully examined the stator 
for burned coils and tested it for 
shorts, opens and grounds. After fail- 
ing to find the trouble there, I turned 
to the rotor which was of a type un- 
usual in this part of the country (Ala- 
bama). The motor was manufactured 
by the Century Electric Company, and 
was a 60-hp., three-phase, 220-volt 60- 
cycle design. It was self-starting; that 
is to start it, the switch was thrown 
to the closed position and the motor 
accelerated automatically by a centri- 
fugal arrangement commonly used on 
single-phase motors. The rotor had 
two windings. One was just a plain 
induction rotor winding, while the 
other was wound and connected to a 
disc commutator as in the ordinary 
single-phase motor. This commutator 
was not equipped with brushes, how- 
ever, but had a fan which was screwed 
up on the spring and contact mech- 
anism, acting as a nut. The fan was 
locked in position by a key. It also 
had a felt washer on the inside face 
to prevent oil from entering the con- 
tact receptacle. 

I removed the locking key and fan, 
counting the number of threads in 
order to know just where to replace it. 
The shell for the centrifugal contacts 
was found to be broken and one piece 
had worked loose. This loose piece 
was, I judge, the direct cause of the 
machine not attaining speed as it prob- 
ably bound the other parts of the shell 
or the spring. Realizing that it was 
best to make a sure repair, I loaded the 
rotor on a truck and carried it to the 
repair shop, where the machinists 
duplicated the shell. The rotor bands 
were resoldered, and also the commu- 
tator. 

While examining the rotor in the 
shop it was found that one of the rods 
or plungers that actuated the contact 
mechanism, was longer than the other. 
The short rod had worn from some 
cause. This rod was heated and drawn 
out to equal the length of the longer 
rod. I believe that this short rod in 
closing the centrifugal switch did not 
exert equal pressure on the shell, 
thereby causing one side of the shell 
to move behind the other and in this 
way have a tendency to crush the con- 
tact shell, which was constructed of 
cast iron. 

The rotor was returned to the pump 
and the motor reassembled. It ran 
finely without load. The coupling was 
bolted up and the switch thrown in, but 
the motor would not pick up. The ad- 
justing nut or fan was loosened a turn 
or two and the motor again assembled, 
but it would not start. The coupling 
bolts were then removed so as to dis- 
connect the motor from the pump and 
the motor started fine. 

From this it was evident that the 
trouble was in the pump, which had 
been overhauled while the motor was 
down. All the bearing caps, including 
the thrust bearing, were loosened and 
the motor reconnected to the pump. It 
then ran nicely. It was operated 
against a 130-lb. pressure for 30 min. 
and was then shut down and examined 
for heating. With everything ap- 
parently all right the motor was 
started several times with the load, in 
order to be sure it was O. K. 


Birmingham, Ala, GRADY H. EMERSON. 
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This section is devoted to repair work, large and small. 
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cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Working Out a Change in Wind- 
ing of an Induction Motor 


HE following details describe a 

change made in an induction mo- 
tor that was brought in for repairs and 
indicates how a live coil man can save 
considerable time and money by tak- 
ing all points into consideration when 
repairing motors. 

The job in question was a 50-hp., 850- 
r.p.m., 220-volt, 60-cycle, three-phase, 
squirrel-cage induction motor, used to 
drive a ventilating fan in a large fac- 
tory. The application required that the 
motor operate at its full rated load, 18 
hr. a day. The air passing the motor 
was from a drying room, which kept 
the motor quite hot. The job was a 
day-and-night proposition, and the cus- 
tomer asked us to give it all the cop- 
per we could. 

The winding data was 72 slots and 
coils; the coils were 2-layer, diamond- 
mould wound, each coil consisting of 
eight turns of three No. 17 d.c.c. wires 
in parallel with a formation of three 
wide by three deep. This was an old 
type of coil that was composed of three 
single coils; that is 216 single coils 
of eight turns of one No. 17 wire were 
wound to shape on a mould and these 
three coils were assembled to make one 
complete coil. The pitch was 1-and-9, 
and the coils were connected 4-parallel 
star, for 220 volts. 

We first decided to make the coil a 
puller type, that is, wound on a shuttle 
complete and then pulled to shape. It 
was next decided to try to use a ribbon 
wire instead of three No. 17 wires. On 
consulting a wire table it was found 
that No. 17 wire has a bare diameter of 
0.0453 in. So that the size ribbon re- 
quired would be 0.0453 by (3 X 0.0453) 
= 0.0453 by 0.1359 in. One No. 17 wire 
has an area of 2,048 circ. mil, and three 
an area of 3 X 2,048 = 6,144 cire. mil. 
On consulting a ribbon wire table we 
found an 0.0453 in. by 0.145 in. bare 


Contributions are always welcome. 


ribbon, with an area of 7,804 circ. mil. 
The increase in cross sectional area 
was due to less cotton and the filling 
in the space between circles with cop- 
per. We then could make a coil with 


eight turns of one 0.453 in. by 0.145 in. 
d.c.c ribbon, but we decided to check 
further to see if the turns per coil 
could be reduced to four, using a 
2-parallel star connection, which would 
give the same turns per phase as an 
8-turn coil and a 4-parallel connection. 
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By using four turns this would mean 
a conductor of twice the cross section, 
or 0.0906 in. by 0.145 in. On looking in 
the ribbon wire table, we found an 0.092 
in. by 0.145 in. ribbon wire with an area 
of 16,972 circ. mil. Checking the insu- 
lated sizes, No. 17 d.c.c. wire has an in- 
sulated diameter of 0.054 in.; then the 
room taken up in the slot, width-wise, 
by three No. 17 d.c.c. wires would be 
3 X 0.054 = 0.162 in., and two No. 17 
d.c.c. equal 2 X 0.054 or 0.108 in. The 
insulated size of the 0.092 in. by 0.154 
in. d.c.c. ribbon wire would be 0.109 in. 
by 0.167 in., which is close enough to 
the 2 by 3, No. 17 d.c.c. wire size. By 
replacing six No. 17 wires with one rib- 
bon wire the circ. mil area had been 
increased from 6 X 2,048 = 12,288 circ. 
mil to 16,972 circ. mil, or an increase of 
38 per cent in copper. Also this made 
a better coil from a mechanical stand- 
point and reduced the turns from eight 
to four, reducing by more than one-half 
the time required to wind the coils. 

From the above it follows that it pays 
to investigate each job from A to Z for 
time-saving and improvement factors. 
Wilkinsburg, Pa. C. Rox. 
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Simple Devices That Are Handy 
as Wrench and Tool Handles 


N SHOP work wrenches and handles 
to serve specific purposes are not 
always available. The monkey wrench 
is invariably called into use to help 
out in turning some tools. However, 
this is not a handy tool to use in con- 
junction with other tools. Several con- 


Three types of wrench and tool 
handles that help out in tight 
places. 
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venient devices that are handy for such 
uses are shown in the accompanying 
illustration. 

The first of these, (A), is a wrench 
for a reamer or taps, that is made up 
from wrought-iron pipe. This is readily 
made, holds the tap or reamer squarely 
and affords good working grips. 

The second tool, (B), is a handle for 
the usual square type of screwdriver, 
and is useful in the removal or setting 
up of tight machine screws. The handle 
is a short length of pipe, squared out 
for the blade of the tool, as shown. 

The third tool, (C), is an auxiliary 
handle for an open-end wrench, and is 
similarly made from pipe. The end is 
flattened and slotted to slide over the 
wrench handle, as shown. With this 
extra handle, the user works to an ad- 
vantage in that both hands are used 
on the tool, when the bolt resists turn- 
ing with the usual handle of the open- 


end wrench. 
Washington, D. C. G. A. LUERS. 
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How a 750-Hp. Motor Was 
Banded Under Difficulty 


NE of the hardest jobs I was ever 

called upon to do was banding the 
rotor of a motor driving a 20-in. cen- 
trifugal pump on a suction dredger. 
This was a 750-hp., wound-rotor 
2200-volt, three-phase, 350-r.p.m. motor 
and was direct connected to the pump 
by means of a flexible coupling. In or- 
der to make clear the difficulty under 
which we worked it may be well to ex- 
plain that the motor base was on 12- 
in. channel iron which was used for 
bracing the flat bottom of the steel hull 
of the dredger. A steel beam 4 ft. high 
and also used for bracing ran from 
fore to aft through the center of the 
dredger. The operating platform was 
about 4 ft. higher than the shaft of 
the motor and was cut out around the 
motor to allow the operator room. 

When rotor trouble developed, it was 
necessary to tear out about 2 ft. of the 
operator’s platform. The stator was 
jacked over as far as it would go or 
until it struck the beam running fore 
and aft and the rotor was pulled out 
until it was 8 in. from the remaining 
part of the platform, or just enough to 
allow arm room for a man to handle 
a heavy soldering iron, which was best 
heated in a forge on the job. 

The rotor was then slightly more 
than half-way out of the stator frame, 
with blocking at one end holding up the 
rotor in the stator. Two blocks with 
semi-circular slots slightly larger than 
the rotor shaft, and well greased, 
served as bearings for the rotor dur- 
ing the progress of the work. These 
bearing blocks were placed in posi- 
tion during the final reblocking, so as 
to allow for proper clearance of the 
rotor as it was rotated in the frame. 
The blocking was well braced, to avoid 
any possibility of upsetting due to 
rocking of the dredger, and to maintain 
the proper clearance against the eccen- 
tric pull of the band wire and rope 
drive. 

When all of the electrical trouble was 
cleared up, there came the problem of 
banding this rotor which was 7 ft. in 
diameter, and this was accomplished 
as shown in the illustration. 
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A 2-in. hawser was given a full turn 
around the winch of the dredger, 
spliced with a long splice to make it 
continuous, then passed around the ro- 
tor. Another large sheave with weights 
attached to it was used as an idler for 
this improvised rope drive. By this ar- 


Rotor > 
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Putting on Wire 


Band wire, 
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~ghtening the Wire 


The band wire was first put under 
light tension and then tightened. 


After the desired width of band was 
obtained, the wire was cut, given one- 
half turn around the sheave wheel and 
the loose end fastened to the rotor. By 
turning the rotor in the opposite direc- 
tion, the band was rewound to one side 
of its original position and by hanging 
a weight on the rope attached to the 
side of the sheave, the tension of the 
wire was increased while it was be- 
ing rewound. The rotor was again 
turned in the opposite direction (this 
time in the original direction), the ten- 
Sion further increased by hanging more 
weight on the rope and the band re- 
wound to the desired position under 
heavy tension. 


rangement we were able to use the 
winch for turning the rotor while the 
band wire was put on. 

The banding wire was put on as 
shown in the upper portion of the il- 
lustration. Another large sheave was 
fastened in the position shown. A com- 
plete turn of banding wire was put 
around the 2 ft. wheel of the sheave 
and the end fastened to the rotor. The 
housing of the sheave is separated from 
the wheel by four pins. One of the 
helpers held a hardwood stick against 
one of the pins and against the wheel 
and thus maintained a fairly good ten- 
sion on the wire when it was first 
wound on, as far as was possible with 
the rotor in its first position. 

The rigging was then changed as 
shown in the lower part of the illus- 
tration. The band wire was cut, given 
a one-half turn around the wheel of 
the sheave and the loose end fastened 
on the rotor. Weights were then placed 
on the rope holding the sheave, thus 
putting the wire under tension. The 
winch was reversed, driving the rotor in 
the opposite direction and the band 
wire wound tighter. When the end was 
reached, more weights were put on the 
rope and the winch again reversed, or 
run in the same direction as at first 
and the wire wound as tight as was de- 
sired, and the bands then soldered. 

By winding the wire on in this man- 
ner the slack was automatically taken 
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up and we could have put the wire 
under sufficient tension to pull it in 
two, if we had so desired. 

It was possible, of course, to band 
only one-half of the rotor at a time. 
When this one end was finished, it was 
necessary to shove the rotor through 
to the other side and put the stator 
frame back where the rotor was. Al- 
together it was a long and hard job 
but by the exercise of a little ingenu- 
ity, we were able to do it satisfactor- 
ily under conditions which seemed at 
first sight to be almost hopeless. 
Oakland, Calif. S. H. SAMUELS 


—̃ͤä —— —v—v—— 


An Emergency 
Repair That Insured Protection 
Against Field Breakdowns 


HE writer has had occasion sev- 
eral times to repair or put into 


operation a Type C direct- current, 


Westinghouse automatic planer control 
used on a Betts planer. This installa- 
tion was one of those wartime tem- 
porary installations“ which has not 
been changed to permanent. It is, how- 
ever, wired correctly and gives good 
service with very few interruptions— 
but when there is an interruption it 
calls for a “good hunting“ expedition. 

One of the worst service interrup- 
tions on this installation was caused 
by a spark jumping from a shunt field 
lead to the series field lead, which is 
uninsulated. The shunt field lead had 
a very small rupture in its insulation, 
and this worn place was in the top of 
the motor, so that the spark could not 
well be observed and was not noticed 
at the time of the trouble. 

The sparking occurred at the re- 
versal of the motor after the planer 
had made a cut and was about to re- 
turn, when the load was heavy, like- 
wise the current. This induced the 
high voltage required for the jump 
spark. The other effects were to slow 
down the motor on return and cause a 
slight arc at the brushes momentarily, 
with a severe arc across the butterfly 
reversing contacts. When this latter 
arc was blown.out by a puff of air, the 
motor would speed up, and as all con- 
nections checked with the blueprint, 
and it was rather late at night when 
I had made all tests possible with the 
instruments available, I decided to 
place a shunt magnet coil wound for 
230 volts direct current directly above 
the butterfiy contacts to blow out the 
arc formed at the reversal of the motor. 
This magnet was so wired that it would 
be in circuit when the operating circuit 
was closed. 

The main thing was to get the planer 
to operating satisfactorily and this 
was accordingly done. I would like to 
state that the scheme worked admir- 
ably. This installation has given very 
little trouble since this change was 
made. 

Later a very careful inspection on 
overhauling revealed the small break 
in the insulation on the shunt field lead 
which I believe was the cause of the 
trouble, but the blow-out coil has not 
been removed and probably never will 
be, as it will answer as an additional 
protection in the future. 

Birmingham, Ala. Grapy H. EMERSON, 
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How to Change 
Direction of Winding Armature 
Without Changing Rotation 


ANY small armatures are wound 

by machine so that the armature 
is turned end-for-end in a right-hand 
direction while the wire is guided in 
the slot as the armature revolves. The 
wire is really wound on in a left-hand 
direction. We do not use a machine 
for winding small armatures in our 
shop but do them all by hand, holding 
them in the left hand and winding the 
wire on with the right hand. Many 
winders find it easier to put the wire on 
in a clockwise direction and so they do 
it that way, even though it was origi- 
nally wound counter-clockwise, but 
when the motor is assembled the arma- 
ture runs in the wrong direction. To 
those who have experienced this 
trouble, let me say that when you 
change the direction of winding, you 
should also change the direction of the 
progression of the winding. 

For example, assume that an arma- 
ture is wound left-hand or counter- 
clockwise with the winding progressing 
from slot to slot in a right-hand direc- 
tion. If desired, this armature may be 
wound right-handed with the winding 

rogressing to the left. If it is wound 
eft-hand, progressing to the left, 
change it to right-hand, progressing to 
the right. It is only natural to sup- 
pose that if the winder is a man who 
uses his left hand to wind the wire on, 
the above rules will work vice versa. 
Darby, Pa. GEORGE WM. HANLON. 
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How to Determine 

The Number of Turns in a Coil 
Without Opening It 


HEN doing repair or experi- 

mental work on electrical appa- 
ratus, it very often happens that a dup- 
licate of a certain coil is wanted with- 
out opening or destroying the sample 
coil. The question then comes up as 
to how many turns are on the coil and 
what size of wire was used in winding 
it. Of course, nearly all coils wound 
in factories have a code number on 
them so that one need only send in the 
code number of the coil to obtain the 
new one from the manufacturer. How- 
ever, it often happens that the dupli- 
cate coil must be had immediately, or 
that the code number has been lost, so 
that no identification of the coil is pos- 
sible. In this case, about the only thing 
for the average electrician to do is to 
tear the sample coil to pieces and see 
what is in it. 

If a coil with a known number of 
turns can be obtained, that is approxi- 
mately like the coil with the unknown 
number of turns, it is possible by a 
simple test to determine the number of 
turns in the sample coil. Recently I 
had just such a case to deal with in 
a coil used on a lifting magnet. I was 
told how many turns were in the old 
coil which was still good and which 
I wished to save for further use. When 
I had completed the new coil, it did not 
lift as much as the old one. I tested 
it as described below and discovered 
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that the old coil had about fifty turns 
less than it was thought to have. I 
therefore took off fifty turns from the 
new coil, after which it worked the 
same as the old one. 

In the accompanying diagram is 
shown the arrangement of the mag- 
netic circuit by means of which the 
two coils were compared. Soft sheet 
iron strips are passed through the cen- 


Coil to be 


tested --. a Standard coil 


°° Soft iron 
Strios 


The voltage induced by the sample 
coil is compared with that induced 
by a coil with a known number of 
turns when both are placed in the 
same magnetic circuit, which is ex- 
cited by an exciting coil. 

Knowing the number of turns in the 
standard coil and the induced voltages 
in both coils, the number of turns in 
the coil under test may be calculated 
FA 5 of the formula given in the 
ext. 


ters of the standard coil (which is 
wound with a known number of turns), 
the coil to be tested (wound with an 
unknown number of turns) and an 
exciting coil, which is to furnish the 
magnetic flux for the circuit. The ex- 
citing coil can be almost any kind of a 
coil that will fit over the soft iron 
strips. It must be placed in the cen- 
ter of the magnetic circuit as shown 
in the diagram and is excited with al- 
ternating current. Care should be 
taken not to over-excite or saturate the 
iron, so as to keep down the magnetic 
leakage. The ends of the soft iron 
strips should be clamped together after 
being passed through the coil, so as to 
reduce the reluctance of the magnetic 
circuit as much as possible. 

The two coils that are to be com- 
pared are placed one on each side of 
the exciting coil as shown in the dia- 
gram, with the center of each coil at 
the same distance from the exciting 
coil. If both coils are alike, they 
should be placed as near to the excit- 
ing coil as possible but if one is wider 
than the other, a little allowance 
should be made as shown in the dia- 
gram, which shows such a condition. 
The voltage induced in the standard 
coil and in the coil under test is mea- 
sured with a voltmeter while the excit- 
ing coil is furnishing the flux to excite 
the two coils. The number of turns of 
the coil under test may be determined 
by means of the following formula: 
where 

N1 = number of turns on standard 


coil, 

N2 = number of turns on coil under 
test, 

El = voltage across standard coil, 
and 

E2 = voltage across coil under test. 

After the number of turns on a coil 
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are known it is a simple matter to esti- 
mate the length of wire on the coil 
and if the resistance of the coil can be 
measured, it is very easy to figure the 
size of wire. 

In making such a test, a little care 
should be taken, especially if the two 
coils are not alike in size or shape, be- 
cause magnetic leakage may affect the 
result. That is, if one coil is thin while 
the other is a thick coil, the center of 
each must be in the same relative posi- 
tion on the core; otherwise the di- 
ameter or shape of the coils need not 
be alike. In fact, the size of the coil, 
or the size of the wire in the coil, make 
little difference as long as the same 
number of lines of force or magnetic 
flux pass through both the standard 
coil and the coil with the unknown num- 
ber of turns. It is important therefore, 
to properly arrange the magnetic cir- 
cuit so as to get an equal amount of 
flux through each coil. To check the 
result, the tests should be repeated 
after interchanging the positions of the 
standard coil and the coil with the un- 
known number of turns. 


PHILLIP G. BERNHOLZ. 
East Orange, N. J. 
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Making Patterns and Molds 


From Plaster of Paris 


CCASIONALLY it is desired to 

mold small parts in lead, brass, or 
cast iron and it may be necessary to 
make up a pattern or mold quickly with 
the equipment and materials available. 
For such use serviceable patterns and 
molds can be made from plaster of 
paris, as this material hardens rapidly 
and dries out readily. If desired, the 
hardening can be delayed somewhat by 
the addition of a small quantity of vin- 
egar when mixing up the plaster. 

When preparing the plaster care 
should be taken to mix it thoroughly, 
preferably by hand, to insure that all 
lumps are broken up. 

If the broken part or a spare is 
available a mold can be made by plac- 
ing the part on a smooth, flat board or 
iron plate, and enclosing it in a tight 
box or frame open at the top. The 
part, as well as the box, should be well 
greased or oiled to keep the plaster 
from sticking. As soon as the plaster 
has set, the frame should be taken 
apart and the pattern removed from 
the mold. It is advisable to allow the 
latter to dry overnight in a warm place 
and it should be washed with graphite 
wash or other refractory material be- 
fore pouring the casting. 

If a plaster pattern is used it should 
be kept from sticking to the mold or 
absorbing moisture by coating it with 
paraffine wax, either by dipping it in 
melted paraffine or applying this with 
a brush. Paraffine can also be used to 
keep the halves of a two-part flask 
from sticking together. 

When making either patterns or 
molds, thin wire and nails are desirable 
as reinforcing material in the plaster. 
If it is desired to increase the bulk of 
the plaster of paris, thus avoiding ex- 
tra expense, clean, sharp building sand 
may be stirred into it before pouring. 
Washington, D. C. G. A. LUERS. 
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Reducing Accidents 
and Breakdowns 


(Continued from page 122) 


of course, was immediately covered. 
It is just one example of the unan- 
ticipated accidents against which we 
must always be on our guard. 

In promoting safety work, we have 
adopted the committee form of 
safety organization. Safety pays ac- 
cording to the increased number who 
become interested in it and adopt it, 
and also because of having served 
on a committee a larger number of 
men, who are intimately connected 
with the plant and its activities, are 
making suggestions and pointing out 
new hazards and how they may be 
overcome. This organization con- 
sists of one safety director or engi- 
neer, who devotes his whole time to 
safety and personnel work and four 
different committees, each meeting 
monthly on consecutive Thursdays. 

The first meeting is made up of a 
committee of the men chosen by the 
men themselves; the second consists 
of foremen; the third is made up of 
men appointed from the various de- 
partments by their foremen; the 
fourth committee consists of the 
three general foremen and three 
others. The safety director acts 
as secretary of these commit- 
tees, records suggestions and recom- 
mendations, investigates between 
meetings and reports on them to the 
next committee. Action is reported 
back to the committees instigating 
and passing on the idea. This secre- 
tary keeps a record of each action of 
any of these committees until its 
adoption or rejection. 

This does not mean that every 
suggestion takes four weeks to be 
acted upon. Small matters are 
handled quickly by reporting them 
directly to the mechanical depart- 
ment which carries them out and re- 
ports back. Items which will prob- 
ably cost over $25, must, however, 


bear the approval of the superin- 


Starting equipment and panel 
boards for four flaking rolls and 
the compensator for two groups of 
motors. 


Since only one motor of a group is 
to be started at a time, a single 
G. E. CR-1034, Type NR compensator 
is connected to the line for each two 
groups of motors and their panel 
board. A G. E. barrel switch with 
the compensator coils removed and 
overload relay mounted in their 
place is used for the actual starting. 
This not only affects a considerable 
saving in the installation cost, but it 
permits of starting the machines in 
any sequence. The only restriction 
is that only one mill in a group can 
be started at a time. 
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tendent. Emergencies are also han- 
dled without going through commit- 
tee routine. It must be understood 
that the purpose of these committees 
is to bring out more ideas and add 
to the interest of the men. This 
cannot be obtained without letting 
them see results. Not all sugges- 
tions, however, are used as adopted, 
because many of them are crude 
ideas which can be greatly improved 
upon by the mechanical department 
when they take hold of them. 
Another important part of the 
safety work is giving publicity to ac- 
cidents and hazardous conditions, es- 
pecially those which result from 
carelessness. We found that one of 
the best ways of getting this over 
to the men was by means of bulle- 
tins made from photographs of the 
hazardous condition or especially 
posed to show how the accident hap- 
pened. This is not as easy as it may 
seem because a great amount of care 
and diplomacy must be exercised to 
prevent getting the ill-will and op- 
position, instead of the respect and 
co-operation, of the men. For this 
reason we do not mention who was 
responsible for the condition pho- 
tographed and, if it was especially 
posed, we give the man in the pic- 
ture credit for knowing better so 
that he will not be “kidded” by the 
others. Four of these bulletins are 
reproduced on page 120 as we used 
them. The text accompanying each 
illustration is set in our print shop. 
On one occasion an outside mill- 
wright gang which was doing some 
construction and installation work 
on contract gave us an opportunity 
to take a number of photographs 
which showed carelessness, but did 
not reflect on our own men, although 
it caused them to be more careful. One 
of these pictures showed an opening 
cut through the floor in a passage- 
way and left overnight unguarded by 
barriers or signs while the gang was 
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away. Another showed boards with 
nails left lying around. Still an- 
other was of an accident which re- 
sulted from men carrying a long pipe 
and leaning one end against a roll 
of paper standing on end. The roll 
tipped and broke a man’s leg. Other 
pictures showed men carrying tools 
and even a mop and pail up a belt 
man-elevator which we have installed 
to carry the supervisory force be- 
tween floors. Incidentally, one of the 
safety suggestions brought out the 
need of an automatic stop to prevent 
anyone riding past the top floor and 
being dumped over the top. 

The camera, however, is not used 
as much now as at first because we 
do not find as much to photograph. 
These photographs make excellent 
bulletins as they are right at home 
and impress upon all the cause and 
effect of an accident which most of 
them have heard of and know the 
principals. 

In promoting the safety work con- 
siderable attention was given to 
interesting the mechanical and elec- 
trical men responsible for the main- 
tenance and operation of the equip- 
ment, because much of the success or 
failure of safety education depends 
upon the example and attitude of 
these men. The general foremen in 
charge of these men were very en- 
thusiastic in their co-operation. One 
of the rules made was that the men 
should clean up after every job. 
While this is good housekeeping it 
helped in safety by promoting pride 
in the work and feelings of thought- 
fulness and carefulness. Poor house- 
keeping destroys pride and also 
makes many accidents possible. 

Altogether we are quite well sat- 
isfied with the progress of our safety 
work, but must keep continually at 
it to see that the interest of the men 
is sustained. Safety work cannot 
stand still; it must progress or in- 
terest will lag and accidents increase. 


-_.* 
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Requirements of 
Satety Switches 


(Continued from page 126) 


(9) The door should be locked 
when the switch is in the closed posi- 
tion, but it should be possible to 
unlatch the door by means of a 
screwdriver for inspection. It should 
not be possible to throw the switch 
in until the cover is closed and 
latched. 

(10) The door of the switchbox 
should, when open, expose the inte- 
rior of the box completely, permit- 
ting ready inspection and access to 
both line and motor leads for con- 
venience in testing. 

The open type of distribution 
switch panel with busbars, fuses and 
switches mounted on the face of a 
marble or slate panel has long been 
a source of danger and trouble. The 
fuses were usually on the circuit- or 
the line-side of the switch. Tools 
would often fall onto the bus 
mounted on the lower part of the 
panel and danger accompanied the 
handling of large fuses while live. 
From the standpoint of design of a 
distribution system this panel rep- 
resented a very inflexible unit be- 
cause the bus could not be reinforced 
and additional circuits could not be 
added when the load increased unex- 
pectedly, as is usually the case in a 
growing industrial plant. During 
1918 in view of the success attending 
the use of safety switches for motor 
drives, the writer installed the type 
of distribution panel shown in Fig. 
3 in which use is made of a pipe rack 
with busbars running along the top 
of the rack and supported on pipe- 
mounted bus insulators. Details of 
a typical panel are shown in Fig. 2. 
Standard enclosed safety switches of 
400- and 600-amp. capacity were 
mounted on panels supported on the 
pipe framework. The circuits were 
divided, the number of circuits be- 
ing determined by two requirements; 
first, the metering necessary and, sec- 
ond, that no circuit should be loaded 
beyond the capacity of a 600-amp. 
switch. This follows because above 
600-amp. fuses must be installed in 
multiple, and multiple fuses are al- 
together incompatible with continu- 
ity of service. Whenever the load in- 
creases a 600-amp. switch may be 
substituted for a 400-amp. switch, or 
where a 600-amp. switch is already 
installed a section of bus may be put 
in with a new circuit to provide for 
the additional load. As for the addi- 
tional cost of the construction, this 
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switchrack is about double the cost 
of the old panel itself. The re- 


mainder of the wiring cost remains 


the same. The additional cost is, 
however, a very small percentage of 
the total wiring cost. The switches 
are protected from dust by the en- 
closing box and when high humid- 
ity conditions are encountered the 
distribution structure should be en- 
closed in a fireproof housing which 
will practically eliminate condensed 
moisture and attending corrosion. 
Metering may be easily accomplished 
by using switchboard-type current 
transformers mounted in the leads 
between the bus and the switches, 
or a bus-type transformer may be in- 
serted at the feed end of the bus to 
meter the entire distribution center, 
if it supplies a single department. 
— — — 


Reminiscences of a 
Trouble Shooter 


(Continued from page 182) 
“Right now there comes the recol- 
lection of another trip, an inspec- 
tion trip to repair waterwheel gen- 
erators, large in capacity and size. A 
little ‘shrimp’ met me at the sta- 
tion, and took me to his home for 
lunch, where a predominant and var- 
nished wife dictated to her lord and 
master a few things that make men 
go to war for peace. In using the 
word ‘varnished’ I mean to imply the 
kind that is ‘dear this’ and ‘honey 
that,’ while at the same time prob- 
ably stepping on his toes or kicking 
him under the table to get an answer 
in accordance with her wishes. This 
ordeal completed, we adjourned to 
the station. It was a magnificent 
place with modern machinery, and 
was a fine monument to some engi- 
neer. The machines were polished 
and clean, the switchboard in good 
condition, brass all shined up and, in 
general, the place presented a very 
good appearance. This station had 
been in continuous operation for 
about ten years and it was desired 
to show that the manufacturer 
should pay a proportionate part of a 
general repair expense. 

„An inspection of the main gener- 
ators was sufficient to tell the inspec- 
tor a whole volume. Coils were actu- 
ally clogged with dirt at points 
where a hurried cleaning at a date 
not very long preceding my visit had 
reached the surface dirt, but not 
the dirt that a competent man can 
find. Furthermore, this dirt was of 
a pure oil nature, the source of 
which was leaky oil pipes and bear- 
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ings at every possible point that oil 
could get out. The bearings were 
‘shot’; some had clearances that 
made one feel in danger, knowing 
what consequences might result. The 
lower bearing of lignum vitae was in 
such bad shape on one of the wheels 
that the runners touched the casing 
at every revolution, imparting a de- 
cided shock to the entire machine. 
The oil in all the bearings was in 
poor condition, although the chief 
said it was changed often enough to 
insure good oil. His trouble was in 
his filter system, which was so dirty 
that good oil would come out contam- 
inated. His switchboard looked 
good, but some of his meters were 
out of commission, although the 
company had a meter department. 
One of his current transformers was 
in commission with the meter re- 
moved and the secondary open. His 
Tirrell regulator was erratic, but a 
hundred or more fish flies in the oil 
chamber will make anything erratic. 

“Behind the scenes in this inspec- 
tion we found the chief at a fine desk 
so cluttered up with everything that 
the insides were hardly visible. He 
had been with the company three or 
four years. He had seven operators 
with a four-hour shift himself in op- 
erating. None of the operators had 
been with the company two years, 
while most of them had their first 
year to complete. Notices on the 
board assigning work were written 
in longhand by the chief and many 
misspelled words were apparent. Un- 
fortunately, another notice on the 
board, from the superintendent, 
stated that the machines had to be 
cleaned up at a date just prior to my 
visit. A talk with the operators dis- 
closed that trouble with men was a 
continuous thing, since the chief was 
ignorant of his work and more ignor- 
ant of his men. One faction was al- 
ways led by the chief while the other 
faction was led by—well, let us call 
them the other side. 

“It is regrettable that good ma- 
chinery should be put in the care of 
such men, ignorant of themselves, of 
others, of their profession, possibly 
underpaid and merely holding their 
jobs. Think of the ultimate cost of 
these men! To go.on with further 
details is needless. There is only one 
kind of a report to make under these 
conditions. It is, however, in order 
to remark (and I wish this remark 
would bore a deep hole into the con- 
sciences of those who need it) that 
the inspecting engineer bases his re- 
port on a great many conditions 
aside from those he finds in the ma- 


162 


chinery. Contributory elements 
either credit or discredit what he 
finds in a plant, based on his engi- 
neering ability and a good under- 
standing of what to look for and 
where to find the little details that 
tell a whole story to him. 

“That little squeak that the opera- 
tor is used to, that little oil leak that 
does no apparent harm, the kind of 
housekeeping, the types of men em- 
ployed, their loyalty and knowledge 
of themselves, the company and their 
work, are factors that tell an oper- 
ating story in themselves. 

„And, now I want to say some- 
thing else,“ Ed went on, that you 
can pass on to the readers of IN- 
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DUSTRIAL ENGINEER. Good or bad 
operating conditions in men or ma- 
chines cannot be effected over night; 
when conditions are good, you may 
be sure that they are the results of 
eternal vigilance by loyal workers 
who know their work and take pride 
in doing it to the best of their abil- 
ity. Such interest and work are re- 
flected within and without in the ma- 
chinery, and in the earnings that 
make a plant a paying proposition 
and a place of engineering beauty, 
alike, to the experienced and the in- 
experienced visitor. 

“Just ask your readers for me if 
their plants will stand an inspection 
tomorrow.” 


Practical Books 


For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 


Practical Calculus for Home Study—By 
Claude Irwin Palmer. Published by 
McGraw-Hill Book Co., 370 Seventh 
Ave., New York City, 435 pages, $3. 
This book is prepared for those men 

without college training who desire a 

working knowledge of the calculus and 

its practical applications. For those 
who have a groundwork in algebra this 
book provides a means of understand- 
ing and making use of calculus in de- 
sign work. 

* k * * 


Natural Gas—By Lester Clyde Lichty. 
Published by John Wiley & Sons, 
New York City, 516 pages, $7.50. 
This book deals with the measure- 

ment, compression and transmission of 

natural gas and presents various tech- 
nical formulas and details of equipment 
employed. In many cases examples 
have been worked out illustrating the 

use of various formulas and charts as a 

guide in solving a variety of problems 

encountered in the use of natural gas. 
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Elements of Electrical Engineering By 
George D. Shepardson. Published by 
The Macmillan Co., New Vork City, 
326 pages, illustrated, price $4. 

In the preface of this book the author 
states that it was written as a text- 
book on electrical engineering for tech- 
nical schools and colleges. It includes 
a brief discussion of fundamental and 
operating principles of important types 
of direct- and alternating-current ma- 
chines. The treatment is semi-techni- 
cal with sufficient illustrations to point 
out the practical applications of the 
principles discussed. The chapter head- 
ings are as follows: effects and varie- 
ties of electricity; units; the flow of 
current through a circuit; typical elec- 
tric circuits; electro-magnetism; elec- 
tromagnetic mechanisms; measurement 
of current and voltage; dielectric phen- 
omena; insulation; conductor materials; 
wires; measurement of resistance; re- 


lations between heat and electricity; 
electrochemical effects; primary bat- 
teries; storage batteries; induced elec- 
tromotive forces; alternating currents; 
electric motors; and transmission and 
distribution systems. 

k k * * 


Choosing Your Life Work— By William 
Rosengarten. Published by MeGraw- 
Hill Book Company, Inc., 370 Seventh 
Avenue, New York City, 318 pages, 
price $2.50. 


The object of this book is to present 
in plain and non-technical language a 
simple and effective plan whereby the 
individual may analyze his own ca- 
pacities, aptitudes and interests, com- 
pare them with the requirements of 
representative occupations, and plan his 
career accordingly. Hundreds of occu- 
pations, trades, callings and professions 
are described and analyzed. 
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Are Welding and Cutting Manual 
Compiled and distributed by General 
Electrie Company, Schenectady, N. V., 
127 pages, illustrated, price $1.00. 


This volume has been given the desig- 
nation Y-2007 and was issued to ac- 
quaint the uninformed in a general way 
with the common applications of are 
welding, and to provide a simple and 
logical method by which one may ac- 
quire a certain familiarity with the 
characteristics and manipulation of the 
electric welding arc. The volume is pro- 
fusely illustrated with photographs, 
diagrams and charts, explanatory of 
the text on 8-in. by 10%4-in. pages. It 
is divided into three parts, the first of 
which is devoted to general information 
on arc welding, the second to a training 
course for operators and the third gives 
a number of applications of arc weld- 
ing. This manual should prove valu- 
able to any operator or anyone who 
wishes to become an operator and do 
the miscellaneous work required in 
practically all industries and trades. 
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Electric Wiring—By Albert A. Schuh- 
ler. Published by McGraw-Hill Book 
Co., 370 Seventh Ave., New York 
City, 249 pages, price $2.50. 

This book was written as a textbook 
on applied electricity for vocational and 
trade schools and such material has 
been used as will enable the reader to 
understand the principles involved in 
electrical wiring. Electrical construc- 
tion details are not included. The ma- 
terial is divided into units correspond- 
ing to chapters in the usual book 
construction, dealing with the following 
subjects: splicing and soldering con- 
ductors; bell wiring; annunciator wir- 
ing; burglar alarm wiring; electric 
light wiring; house wiring plans; tele- 
graph wiring; telephone wiring and 
testing. Numerous diagrams are used 
to illustrate the principles that are dis- 
cussed. 

* k k * 


Storage Batteries—By George Wood 
Vinal. Published by John Wiley & 
Sons, Inc., New York City, 394 pages, 
price $4.50. 


This book presents a rather technical 
discussion on the construction and prin- 
ciples of operation of the storage bat- 
tery. Under the heading of “Opera- 
tion,” methods of charging and details 
of charging equipment are taken up. A 
section is devoted to operating condi- 
tions, cost of operation and sources of 
trouble. A chapter is also devoted to 
testing storage batteries and one to 
present-day uses of storage batteries. 
The author is physicist with the Bureau 
of Standards and states that he was en- 
couraged to undertake preparation of 
the book by Dr. S. W. Stratton, for- 
merly Director of the Bureau of Stand- 
ards and by Dr. E. B. Rosa, chief physi- 
cist. It is a well-rounded discussion on 
storage batteries from à technical 
standpoint. 

kt * „ * 


Tulley's Handbook in Three Volumes 
Revised and enlarged by James F. 
Hobart, 7th edition. Published by 
the McGraw-Hill Book Co., 370 Sev- 
enth Ave., New York City, 1156 
pages, price $7.50. 

Volume 1 is devoted to the steam 
plant and covers steam boilers; chim- 
neys; furnaces and stokers; fuels; coal 
handling and ash disposal; chimney gas 
analysis; combustion control; damper 
regulation; steam boiler evaporation 
tests; economizers; superheaters; feed- 
water heaters; filters; traps and separ- 
ators; and condensers. 

Volume 2 is devoted to pumps; inject- 
ors; inspirators; gages and recording 
instruments; valves; fittings; appli- 
ances; reciprocating engines; steam 
turbines; indicators and their uses; en- 
gine safety stops; tachometers; gov- 
ernors; pulleys, belts and gears; power 
transmission. 

Volume 3 is devoted to d.c. generat- 
ors and motors; a.c. generators and 
motors; lamps; circuits; transformers; 
mechanical refrigeration; ice-making; 
elevators; meters for water, steam, air, 
gas and coal; air compressors; heating 
and ventilating; internal combustion 
engines; and handy reference tables. 

This is the seventh edition of this 
handbook which for nearly 25 years 
has been used by thousands of power 
plant men in their daily work. It con- 
tains practical information and a com- 
mon-sense viewpoint that makes it a 
very useful reference for a practical 
man. | 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 


writing to the 


manufacturer whose name and address are mentioned. It 


is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Rockbestos Products Corporation, New 
Haven, Conn.—A 32-page booklet en- 
titled, “Asbestos-Covered Wires and 
Cables for Every Service,” has a 
number of handsome illustrations 
which show some of the tests applied 
to the Rockbestos insulation. In ad- 
dition, the various types of Rock- 
bestos protected wire for various 
commercial and industrial purposes 
are described. 


Holophane Glass Company, Inc., 342 
Madison Avenue, New York City— 
A 20-page booklet, Bulletin 394 en- 
titled, Holophane Industrial Light- 
ing,” contains a number of photo- 
graphs of typical installations and 
shows some special application in a 
variety of industries. The charac- 
teristics of each of the industrial 
lighting units are illustrated and de- 
scribed and light distribution curves 
are plotted. Items of particular in- 
terest are “before” and “after” illus- 
trations taken in a steel mill. 


General Electric Company, Schenec- 
tady, N. 12-page illustrated 
and descriptive bulletin, Y-2041, en- 
titled, Voltage Drop Control Sys- 
tem,“ takes up, among other points, 
a discussion of: What is voltage drop 
control? What extraordinary thing 
does it do? Can I use it in any of 
my work? Is it worth while for me 
to adopt it? 

Standard Conveyor Company, North 
St. Paul, Minn. — Catalog 3, which is 
the third of a series entitled “Wher- 
ever Conveying Is Done,” shows by 
a large number of installations some 
of the variety of industrial applica- 
tions which can be made of Standard 
conveyors, pneumatic tubes, stackers 
and portable piling equipment. 

New England Sales and Engineering 
Company, Worcester, Mass.—Folders 
describe the Notadent soft metal 
hammer which is made in 3-, 5- and 
8-lb. weights in babbitt and 2%4-, 4- 
and 5%-lb. weights in bronze. 


Birdsboro Steel Foundry and Machine 
Company, Birdsboro, Berks County, 
Pa.—A folder describes the Jackson 
belt lacer which is a special machine 
for lacing belts. With this a contin- 
uous wire forms a series of loops in 
the end of the belt. These loops in 
the two ends are joined by a rawhide 

in which forms a hinge. The book- 
et also contains considerable belt 
and pulley data. 


Crane Puller Company, 54 Lake Street, 
Arlington, Mass.—A folder describes 
the Crane wheel and gear puller 
which is made in four sizes to take 
wheels from 6 in. up to 24 in. in 
diameter. It is made as either a 
two-arm or a three-arm “crowfoot” 
puller. This puller has attachments 
which enable it to be used as an 
arbor press, for bending pipe and on 
heavy truck wheels. 


W. A. Jones Foundry and Machine 
Company, 4430 West Roosevelt Road, 
Chicago, Ill.—General Catalog 30 
covers the complete line of “Power 
Transmitting Machinery” manufac- 
tured by this company. It is divided 
into several sections among which 
are: Gears and speed reducers, which 
covers 214 pages; pulleys; friction 
clutches; power transmission equip- 
ment, which includes hangers, hanger 
boxes, couplings, etc.; sprocket 
wheels and chain belting; miscel- 
laneous appliances, such as rope 
sheaves, tension carriages, mule 
stands, belt tighteners, elevator 
heads and buckets, friction wheels, 
etc. This catalog contains 442 pages 
and is of a convenient size for ref- 
erence. 


The Yale and Towne Manufacturing 
Company, Stamford, Conn.—A folder 
describes the new Yale ball-bearing, 
spur-geared chain blocks which carry 
the load sheave on ball bearings. 
These blocks are made standard in 
capacities from % to 20 tons, and 
special in 32 and 40 tons capacity. 


Pittsburgh Transformer Company, 
Pittsburgh, Pa—Bulletin 2038 de- 
scribes the Pittsburgh self-cooled, 
radiator-type transformer which, it 
is claimed, is of quite sturdy con- 
struction, although light in weight 
for its capacity. Bulletin 2039 de- 
scribes the Pittsburgh polyphase 
power transformers and shows their 
construction by illustrations. 


Adjustable Clamp Company, 216 North 
Jefferson Street, Chicago, Il.— 
Catalog 5 describes the Jorgens ad- 
justable steel spindle hand screw 
clamp. The jaws are made of maple 
and the steel screw spindles operate 
steel nuts which are arranged to 
swivel within a convenient limit to 
permit adjustment of the jaws to 
conform to the surface clamped. 
These clamps are made in a variety 
of sizes up to 24 in. 


Westinghouse Electric and Manufac- 
turing Company, Pittsburgh, Pa.— 
Circular 1686 entitled “Micarta in the 
Central Station” describes applica- 
tions of standard forms of Micarta 
and the method of applying on bus- 
bars, connections and in making cable 
joints, for barriers on circuit break- 
ers and switches, its employment as 
bushings, slot wedges and cleats and 
other miscellaneous uses. The elec- 
trical and mechanical properties of 
the different grades of Micarta are 
also given. 


Lyon Metallic Manufacturing Company, 
Aurora, III.— Bulletin 104-A shows 
the construction and methods of erec- 
tion of this company's standard 
shelving, including label holders, box 
steps, shelving benches, shelf boxes 
and other equipment. Considerable 
space is devoted to a discussion of 
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how to order shelving. Bulletin 108-A 
gives directions for erection of Lyon 
standard shelving, both adjustable 
and extensionable type. 


Reeves Pulley Company, Columbus, 
Ind.—F older T-3030 shows the use of 
steel link V-belt for use on variable 
speed transmissions. This is com- 
posed of hardened steel links flexibly 
bound with rocking pins. Leather 
tips on the V-belt come in contact 
with the sides of the cones to provide 
the tractive contact. 


The Cutler-Hammer Manufacturing 
Company, Milwaukee, Wis.—Publica- 
tion C-2, entitled “Industrial Time- 
Limit Controller,“ describes this 
equipment, which is claimed to have 
special advantages for use in steel 
mill applications. 


Hubbard and Company, Pittsburgh, Pa. 
—Catalog 24 gives a complete listing 
of Hubbard pole line hardware and 
Pierce construction specialties. This 
covers complete equipment for the 
construction of pole lines. 


General Electric Company, Schenec- 
tady, N. Y.—Bulletin No. 4891-A en- 
titled, “CR 9006 Enameled Resistor 
Units,” lists and describes the vari- 
ous units which are suitable for use 
in connection with railway and fire 
alarm signals, locomotive headlights, 
telephone circuits, magnets, labora- 
tory and measuring instruments, 
rheostats and panels. 


Standard Conveyor Company, North 
St. Paul, Minn.—Catalog 1 entitled, 
“Wherever Conveying Is Done,“ illus- 
trates a large number of installations 
of Standard roller gravity conveyor 
equipment. 

General Electric Company, Schenectady, 
N. Y¥.—Bulletin 45609 describes the 
G. E. surface air cooler and the prin- 
ciple of the closed system of ventila- 
tion in re-circulating the ventilating 
air of a turbine generator back to 
the machine after it has been cooled 
by passing over the finned surface of 
a cooler using water as its cooling 
medium. 


Greene Equipment Corporation, Mon- 
adnock Block, Chicago, III. -A circu- 
lar describes the Acme armature 
washing fluid which is non-combust- 
ible, non-explosive and will not injure 
insulation. 


Century Electric Company, St. Louis, 
Mo.—A booklet describes and gives 
prices on the Century Type SC, 
squirrel-cage, two- and three-phase 
induction motors, from 1% to 50 hp. 


General Electric Company, Schenec- 
tady, N. Y.—Bulletin 67721, Class 17, 
describes the automatic switching 
equipment for synchronous convert- 
ers in mining service, describes their 
operation and illustrates by diagram. 

Roller-Smith Company, 229 Broadway, 
New York, N. Y.—Bulletin 100 covers 
a line of portable electrical instru- 
ments for signal-system testing. Bul- 
letin 550 describes a series of direct- 
current relays operating with reverse 
current, overload, underload, over- 
voltage or under-voltage. Bulletin 
430 describes the Roller-Smith line of 
direct-current switchboard instru- 
ments, such as ammeters, voltmeters, 
voltammeters, shunts and multipliers. 


The Reinhart Electric Motor Company, 
2517 Seventy-ninth Street, Cleveland, 
Ohio—Bulletin 180C describes the 
Reinco alternating-current, ball-bear- 
ing motors which are made in frac- 
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tional sizes from % hp. up to 1 and 
also in 1%, 2, 3, 5, 7%. 10, 15, and 
20 hp. capacity. Simplicity of con- 
struction and ease of assembling or 
dis-assembling as well as the ale- 
mite method of grease gun lubrica- 
tion are among the features de- 
scribed. 


Philadelphia Gear Works, Richmond 
and Tioga Streets, Philadelphia, Pa. 
—Catalog 13 entitled „Philadelphia 
Speed Redueing Unit“ describes a 
line of worm, spur, spiral, bevel and 
herringbone gear speed reducers. 
Some of these are provided with ball 
or roller bearings. This catalog not 
only describes the construction of the 
unit, but also gives considerable en- 
gineering data regarding the dimen- 
sions and capacities of the various 
units. 


Crouse-Hinds Company, Syracuse, N. Y. 
—Bulletin 2,058 describes the Wedge- 
tite pipe hanger which consists of a 
hook and a saw-tooth edged wedge. 
The pipe or conduit is supported in 
the hook which is caught over the 
edge of an I-beam or channel and 
wedged in tightly. 

Celite Product Company, 11 Broadway, 
N. Y.—Bulletin B-8-D describes the 
use of Sil-O-Cel as an insulating 
material for industrial furnaces and 
ovens. A number of sketches show 
how this material is to be applied. 


Automatic Primer Company, 111 West 
Washington Street, Chicago, III.— 
This circular describes the Apeco 
primer for automatic starting cen- 
trifugal pumps through a cleverly 
arranged system of tanks and con- 
nections. This permits use of a 
centrifugal pump on suction lifts 
without mechanical contrivances for 
producing a vacuum and without foot 
valves. 


Martindale Electric Company, 11709 
Detroit Avenue, Cleveland, Ohio—A 
circular entitled “Commutator Slot- 
ter Bulletin’ describes commutator 
slotters, undercutters and other tools 
for maintenance and repair work. 


Buckeye Blower Company, Columbus, 
Ohio—Engineering Data Bulletin 133 
contains complete description, capac- 
ities and other engineering informa- 
tion concerning all the various types 
of multi-blade fans produced by this 
company. 

General Electric Company, Schenec- 
tady, N. Y.—Circular 66021 describes 
the single watthour meter indoor 
current transformer for circuits up 
to 4,500 volts on 25 to 60 cycles. 


General Porcelain Company, Parkers- 
burg, W. Va.—Bulletins 40 and 42 
describe and price porcelain low-volt- 
age and high-voltage insulators. 


Lockwood, Greene and Company, 24 
Federal Street, Boston, Mass.—A 40- 
page, handsomely illustrated booklet 
describes in detail some of the fea- 
tures which should be considered in 
planning an industrial power plant. 
The illustrations are of a number of 
industrial power plants installed by 
this company. 


The John X. Tiffin Automatic Safety 
Valve Company, Detroit, Mich.—A 
folder describes the Tiffin automatic 
control safety valve which is de- 
signed for controlling numerous me- 
chanical devices that at times of 
emergency require other and more 
efficient action than can be applied 
by the operators or the men in 
charge. 
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Westinghouse Electric and Manufactur- 
ing Company, East Fittsburgh, Pa.— 
Folder 4531-A entitled, Westing- 
house Mica Insulation,” describes the 
various grades of mica insulation and 
gives their different applications. 
Tables are included for reference, 
giving the size of sheet, the standard 
thickness and approximate weight 
per sheet of each torm of insulation 
described in the booklet. 


Allan Manufacturing and Welding 
Company, Buffalo, N. Y.—A folder 
describes the Almanc arc-welding 
transformers for use with alternat- 
ing-current power and also arc-weld- 
ing generators which are arranged to 
be driven by either belt, direct- or 
alternating-current motor or by gas- 
oline engine. 


Morse Chain Company, Ithaca, N. Y.— 
Publication 26-A entitled Small 
Power Drives” gives, in addition to 
a number of applications of chain 
drives on motors from s to 100 hp. 
in industrial plants, an explanation 
of their operation, installation and 
maintenance, together with the prin- 
cipal advantages claimed for Morse 
chains in industrial works. 

American Blower Company, Detroit, 
Mich.—Bulletin 1103 devotes 36 
pages to American high-speed, dou- 
ble inlet fans, gives the characteristic 
curves, distinguishing advantages, 
construction features, capacity table 
and dimensions. 


Wagner Electric Corporation, St. Louis, 
Mo. — Bulletin 133 entitled, “The Pow- 
R-full Starterless Motor,“ devotes 
several pages to the history of the 
induction motor, and particularly to 
starterless motors. Several pages are 
given to a technical discussion of the 
characteristics and other features of 
the starterless motor as well as to 
its construction with particular atten- 
tion to its ventilation. Safety re- 
quirements and installation are also 
covered. 


Groundulet Company, Newark, N. J.— 
A booklet entitled, “Groundits and 
Groundology,“ discusses metal con- 
duit and pipe as conductors, the 
common ground conductor, and sug- 
gestions for grounding overhead a.c. 
service. The various types of 
“Groundits,” special connectors for 
grounding, are also described in this 
booklet. 


Harold E. Trent, 1524 Chestnut Street, 
Philadelphia, Pa.—Leaflets describe 
the Trent three-heat electric metal 
melting pot for continuous service, 
which is capable of producing tem- 
eratures up to 1,200 deg. F. Other 
eaflets describe the Trent automatic 
control system for continuous serv- 
ice which not only indicates the tem- 
erature but controls it, whether the 
eat is supplied by electricity or by 
gas, oil, steam, or heated air. This 
system is made in different sizes for 
various temperature requirements. 


Esterline-Angus Company, Indianap- 
olis, Ind.—Bulletin 724 entitled, 
“Clock Improvements,” discusses 


changes which have been made in 
Esterline-Angus meter clocks with 
the view of making the performance 
better and giving better accessibility. 
Leeds and Northrup Company, 4901 
Stenton Avenue, Philadelphia, Pa.— 
Bulletin 871 entitled, Temperature 
Measurements in Generators, Trans- 
formers and Cable Systems,“ de- 
scribes the operation and construction 
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of equipment for indicating and re- 
cording the operating temperature of 
electric generators, transformers and 
power cables and other units which 
may heat. 


The Truscon Laboratories, Detroit, 
Mich.—Folders describe the Truscon 
Super-Por-Seal, which is a transpar- 
ent damp-proofing medium for treat- 
ing cement and masonry without 
changing the color, texture or ap- 
pearance of the surface. This is 
claimed to protect the surface against 
absorption and the penetration of 
water carrying grit, grime and dirt 
in suspension which would discolor 
or disfigure the surface. 


The Ohio Electric and Controller Com- 

any, 5900 Maurice Avenue, Cleve- 
and, Ohio.—Bulletin 204 describes 
the construction and operation of al- 
ternating-current, squirrel-cage, in- 
duction motors 110 to 440 volts, sin- 
gle, two or three phase, 25 to 60 
cycle, and direct-current motors, 32 
to 250 volts, of % to 14 hp. Another 
bulletin shows a large number of ap- 
plications of these motors. 


Champion Electric Company, 3711-3741 
Forest Park Boulevard, St. Louis, 
Mo.—A booklet entitled, “Champion 
Endurance Motors,” illustrates and 
describes briefly structural features 
of some of the more important parts 
of the different motors. These in- 
clude single-phase, 60-cycle, repul- 
sion-induction, 14- to 5-hp. motors; 
squirrel-cage, 60-cycle, two- and 
three-phase, %- to 20-hp. motors; 
110- or 220-volt, %- to 5-hp., d. c. 
motors; split-phase, 60-cycle motors 
of %, % and % hp. All but the 
split-phase motors are heavy-duty 
motors and are provided with either 
ball or bronze sleeve bearings. 


Sundh Electric Company, Inc., 5 Avenue 
C, Newark, N. J.—Bulletin 18 en- 
titled, “Sundh Electric Control for 
Fire Pumps,” describes the manual, 
automatic and combined types of con- 
trol. This booklet also gives the 
regulations of the National Board of 
Fire Underwriters and the amend- 
ments adopted by the National Fire 
Protection Association. 


Gisholt Machine Company, Madison 
Wis.—Bulletin DCT-5 describes the 
Gisholt direct-current transformer for 
securing direct current of low volt- 
age from commercial lighting cir- 
cuits, for operating bells, buzzers, an- 
nuciator and call systems, time 
stamps and clocks, elevator, sprink- 
ler, fire alarm and other signal sys- 
tems, or in other applications where 
low voltage, direct current is neces- 
sary. 

McCord Radiator and Manufacturing 
Company, Lubricating Division, De- 
troit, Mich.—A 24-page booklet en- 
titled “The Economy of Better Lu- 
brication” gives the nine outstanding 
economies claimed to result from the 
use of McCord forced feed lubricators 
and illustrates a number of the appli- 
cations recommended. 


The Master Builders Company, Cleve- 
land, Ohio—A 16-page booklet de- 
scribes “Colormix,” which is a con- 
crete hardener, waterproofer and 
dustproofer in permanent colors and 
is used in many places where a col- 
ored floor or wall is preferred over 
the natural finish. In addition to a 
number of applications in various col- 
ors, specifications for its use are in- 
cluded. 
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Rigid Armature Construction 


a Squirrel-Cage Induction Polyphase 
Motor armatures are designed for severe con- 
tinuous service. Conductor bars are of large cross 
section with ends extending through slots in the 
end rings, and are solidly brazed to each end ring 
over an area equal to about six times the cross 
sectional.area of the bars. Armature laminations 
aré locked into a rigid unit with conductor bars 
passing through closed armature slots, forming an 
exceptionally strong assembly. 


Ample ventilation is provided by sheet steel 
ventilating fans at each end of the armature and, 
in the larger size motors, by special grid ventila- 
tors inserted between laminations, 


Century armaturesare finished to accurate dimen- 
sions and given a careful running balance test. 


Century Type SC Motors are built in all stand- 
ard sizes from 4 to 75 horse power. Send for 
complete series of folders describing Century 
Type SC features. 


CENTURY ELECTRIC CO. 


1827 Pine Street 


St. Louis, Mo. 


29 Stock Points in the United States 
and More Than 50 Outside Thereof 


4 to 75 H.P 
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ALLIS-CHALMERS 


Polyphase 
Induction 
Motors 


Type “ARY” Slip Ring Motor 


Variable Speed 


60 and 25 Cycle 


Type “AR” Squirrel Cage Motor 


PRODUCTS: 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 
Oil Engines 
Hydraulic Turbines 
Pumping Engines 
Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 
Air Compressors 
Air Brakes 
Steam and Electric Hoists 
Farm Tractors 
Power Transmission Machinery 


Type “AR” and “ARY” motors are designed with ex- 
ceeding ruggedness, cast steel in place of cast iron being 
a prominent feature. 


They are of the riveted steel frame type. The stator 
end frames and feet are integral and are made from 
electric steel castings, insuring a very rigid construc- 
tion and eliminating any possibility of broken feet. 


The method of ventilation is very effective, resulting 
in even cooling and avoiding of “hot spots.” 


Shafts are very rigid and stiff, while bearings are of 
liberal design with spacious oil wells. 


Insulation is of highest grade, stator being treated with 
baked-on insulating varnish making the whole structure 
dust and moisture proof. 


LLIS-CHALMERS MANUFACTURING(O. 


MILWAUKEE, WIS. U. S. A. 
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Still Running 
After 30 Years 
of Service 


How These Generators 
Compare With Modern 
Standard Designs for the 
Same Kind of Duty 


OMETIME during 1895 the three 

generators shown in this photo- 
graph were installed in the Keith 
Theatre at Boston, Mass., and have 
been in service ever since. These old 
timers stand as silent witnesses to 
the sturdiness of designs of ma- 
chines built 30 years ago. 

The nameplates bear General Elec- 
tric Company’s serial numbers 1986, 
1987 and 1988 with the rating indi- 
cated as MP-8-100-270, 108 volts no 
load and 112 volts full load. Harris- 
burg 150-hp., 15-in. by 14-in., single- 
cylinder engines, made by the W. R. 
Fleming Engine Company, were di- 
rect connected to them. | 

If these generators were to be re- 
placed today the new ones would look 
quite different, by reason of the 
progress that has been made in de- 
sign and construction to better suit 
operating conditions. In this par- 
ticular instance the engineering de- 
partment of the General Electric 
Company has furnished me the fol- 
lowing statement comparing the fea- 
tures of modern generators for the 
service that these old ones have so 
well performed, based upon the re- 
visions in design that have been 
worked out. 

“Compared with the old Keith 
Theatre generators, the modern 100- 
kw., 125-volt, direct-connected gen- 
erator is very much smaller and has 
commutating poles, with its main 
poles built up of laminations. The 
main poles are consequently, rectan- 
gular in cross-section, whereas the 


generators in the Keith Theatre 
have cast poles with cylindrical 
magnet cores. The following data 
enables a comparison to be made of 
certain elements as between what 
may be considered the original 100- 
kw., direct-connected generator for 
lighting service, and the latest Gen- 
eral Electric standard generator.” 
Keith Modern 


Theatre Stand- 
Gen- ard Gen- 


erator erator 
Speed, MPI. ois assis. 270 260 
ne 8 6 
Diameter armature core 
r 451% 30 
Length armature core 
r edesin 12% 11 
Number armature slots...... 136 79 
Number commutator seg- 
r noes eee eee 272 79 
Volts per segment. 3.3 9.5 


This information seems to indi- 
cate that today the materials in mod- 
ern generating apparatus are worked 
harder and closer to design limits 
through improved construction, and 
through better insulation and refine- 


ments in quality of materials em- 


ployed. In some cases better service 
is obtained than was possible with 
the older designs, but the greatest 
benefit has probably come in re- 
duced cost per pound of machine 
needed for a required service. 
Whether this reduction in cost plus 
the cost of maintenance over a period 
30 years from today will be less, can- 
not be answered conclusively until 
1955, but it is a safe prediction, I 
think, that in 1955 we will know 
enough more about service require- 
ments and both buy and use elec- 
trical apparatus with enough more 
intelligence and knowledge of what 
should be demanded in the way of 
efficiency to justify perhaps even 
closer limits of construction in 1955 
than a comparison between designs 
of 1895 and 1925 now reveal. If 
anybody else has ideas along this 
line I have a way to make use of 
them and will welcome their com- 
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What You Ought 
to Know A bout 
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Laying Out Short-Center 
Belt Drives Using Idlers 


To Give Increased Arc of Contact Between Belt 
and Pulley, Together With Data, Tables, and 
W orked-Out Examples Showing How Typical Lay- 


outs Were Planned 


By ROBERT W. DRAKE 
Electrical Engineer, McCormick Works, 
International Harvester Company, 
Chicago, Ill 

HORT belt drives with idler 
S pulleys are used to economize 

floor space in numerous appli- 
cations. In many cases they are 
more satisfactory than gearing, and 
frequently offer important advant- 
ages over a direct-connected motor 
drive. As an example, a medium- 


speed, synchronous motor driving a 
compressor through a short belt 
costs less than a slow-speed, direct- 
connected drive, and allows the pur- 
chaser to choose a compressor large 
enough to take care of several years’ 
expected growth and still gain the 
advantage of somewhat increased 
economy and greatly decreased 
maintenance expense in the interim 
by simply installing at first, an un- 
dersized motor pulley. This case is 
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Fig. 1—Details of the arrange- 
ment of a short-center drive for an 
air compressor. 


The idler pulley is held in position 
by two rods, one on each side of the 
idler, which are anchored to the 
foundation of the compressor. Half 
of the weight of these rods is used 
in computing the total idler weight. 
The location of the grease cup on 
the idler shaft can also be seen. 
Further details of the methods of 
lubricating the idler are given in 
Fig. 7 and on page 209. An 85 
horsepower, 560-r. p. m., squirrel- 
cage, induction motor drives the air 
compressor through a 14-in. stand- 
ard double-ply belt. The diameter 
of the motor pulley, driven pulley 
and idler are 18 in., in. and 16 
in., respectively, all pulleys having 
a 15 -in. face. . 


illustrated in Fig. 5. There also ex- 
ists the possibility of getting the 
compressor back into service in case 
of motor trouble, by temporary use 
of almost any available large motor 
and a suitable size of pulley. If the 
motor available is not large enough 
to drive the compressor at full 
speed, then pulley sizes may be se- 
lected that will drive the compressor 
at such a speed as will fit the capac- 
ity of the motor. 

Around a factory many other ap- 
plications suggest themselves, such 
as heating fans, as shown in Fig. 3, 
cupola blowers of the centrifugal or 
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positive pressure type, plunger 
pumps, exhausters, and various 


drives where space is at a premium 
and the speed of the driven machine 
is too slow to permit direct connec- 
tion, or on drives where there is a 
worth-while advantage in an ar- 
rangement which makes possible 
some changes in speed by a change 
in pulley sizes, as is shown in Fig. 5. 

In the case of a compressor, the 
short-belt drive attachments, idler 
pulley, supporting rods, etc., are or- 
dinarily furnished by the compres- 
sor manufacturer. For short-center 
drives that are built or constructed 
in the plant, it will be necessary: for 
the operating man to determine the 
size and weight of the idler pulley 
and the other factors determining 
the character of the drive. It has 
been my experience that the average 
draftsman with considerable experi- 
ence along such lines is somewhat 
puzzled when asked to determine the 
correct weight of idler for such a 
drive. He generally estimates the 
weight from that of another drive, 
with a liberal allowance for safety. 
If the man laying out the previous 
drive did the same thing, and in turn 
his predecessor, we arrive at very 
large factors of safety against slip- 
ping and very high resulting belt 
stresses. 

I am outlining, in what follows, a 
rational method of laying out such 
drives. With the help of some data, 
which I have taken from both unsuc- 
cessful and successful drives, it is 
comparatively easy to plan a drive 
for a specific purpose, without using 
an unreasonably heavy idler pulley 
to insure against slip. 

There are several factors to be 
considered in planning a short-cen- 
ter belt drive. These factors will be 
considered in what follows: horse- 
power to be transmitted, speed of 
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SHORT BELT DRIVES with idler 
pulleys to increase the arc of con- 
tact between belt and pulley are 
used to save floor space, building 
space, and belting, as well as bear- 
ing friction, lubrication, and bear- 
ing renewals because of the re- 
duced bearing pressure obtained 
thereby. The short-center drive 


having an idler permits the use of 
less expensive, high-speed, high- 
efficiency motors because pulley 
ratios that are higher than those 
customary with any other form of 


belt drive may be used with it. 
Determining the correct weight of 
idler, selecting the proper belt 
tension, and making proper allow- 
ance for possible overloads and 
other factors determining the lay- 
out for such a drive is often a 
puzzling matter. In this article, 
Mr. Drake outlines a_ rational 
method for planning such drives 
and with the help of several tables 
based on his experience, he works 
out a number of typical examples 
of short-center drives. 


drive pulley, belt speed, belt thick- 
ness, effective tension, belt width, 
static tension, and weight of idler. 


CALCULATION OF HORSEPOWER TO BE 
TRANSMITTED BY BELT 


Strictly speaking, the idler weight 
must be proportioned to give suffi- 
cient belt friction on the driving 
pulley for the maximum instantane- 
ous horsepower and not for the aver- 


Fig. 2—The answer to the question 
stated below is determined by the 
position of the idler pulley. 


Both drives have the same size and 
thickness of belting and the same 
diameters and faces of rv ing and 
driven pulleys; in fact, both drives 
are the same except that in the case 
of the right-hand illustration the 
idler pulley is hung lower, thus giv- 
me a larger contact area of the 
belt with both pulleys. At first 
thought it would appear that the 
drive shown at the right would 
carry the larger load, because of 
the greater belt-contact area. On 
page 171 and in Fig. 4, the author 
shows that the facts are precisely 
the opposite. 


Which of These Two Drives 
Will Carry the Greater 
Horsepower Load? 
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age horsepower to be transmitted by 
the belt. Thus for a belt driving a 
single-stage air compressor having 
a large variation of torque in a rev- 
olution, a heavier belt and a heavier 
idler will be necessary than for a 
fan. For a two-stage compressor, 
intermediate values will be indi- 
cated. Thus, in a strictly academic 
discussion of the problem, it would 
be logical to determine the maximum 
horsepower transmitted at any point 
in the revolution of the driven ma- 
chine and base the layout on this 
value. Such a method would allow 
the use of the same empirical con- 
stants for all types of drives, from 
a severe shock load to a fan. Un- 
fortunately, data as to the crank 
effort diagram of the driven ma- 
chine, the effect of flywheel weight, 
and the motor slip, or relative drop 
in speed with various instantaneous 
loads, is seldom easily available. I 
have, accordingly, developed a de- 
sign procedure based upon the aver- 
age horsepower during a revolution 
with maximum load being trans- 
mitted by the drive, with a range in 
the empirical design constants to be 
applied by judgment according to 
the type of load, as to variability of 
torque during a revolution. This 
greatly simplifies the computations 
and has given satisfactory results in 
practice, where the variations of 
required driving torque are not ex- 
treme, and where the torque during 
the starting period does not greatly 
exceed the average full-load torque, 
as when the motor is started with 
one or more steps of reduced volt- 
age by an ordinary resistance-type 
starter in the case of a direct-cur- 
rent motor, or a compensator starter 
in the case of an induction motor. 
Therefore, in the computation that 
follows we will use the value of 
horsepower required by the driven 
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Table I—Permissible Effective Pull and Slack Side Tension 
for Different Belt Speeds 


Permissible Effective Pull 


Necessary Slack-Side 


Belt Speed | Per Inch of Belt Width for Belt Speed Tension in Per Cent of 
in Ft. per Standard Double Belt in Fe. per Effective Pull 
in. in. 
A B C Al B, Cı 
0 38.0 79.0 104.0 0 35 35 35 
500 46.0 94.0 124.5 500 18 18 18 
1000 47.0 97.0 128.0 1000 16 t4 12 
2000 45.0 96.0 129.0 2000 16 12 10 
3000 40.0 91.0 123.0 3000 32 20 18 
4000 32.5 84.5 116.5 4000 60 30 25 
5000 23.0 75.0 107.0 5000 135 45 35 


For single ply (J-in. thick) use 50% of above 
values. For light double ply (-in. thick) use 
75% of above values. For medium double ply 
(M. in. thick) use 94% of above values. or 
standard double ply (}-in. thick) use 100% of 
above values. For three-ply (j-in. thick) use 
150% of above values. 


(1) This table is correct for short 
belt drives with idlers, 


from 210 to 230 deg. when the belt 


almost touches the lower belt. 


pulley is paper. 

(2) Column A is based on a total 
tension on the pull-side of 54 Ib. 
per in. width of double-ply belt run- 
ning at a speed of 4,000 ft. per min., 
with slightly different values 


— RE — 


Barth. With excellent maintenance 
based on F. W. Taylor's experiments 


at Midvale, this should give a belt 
Few 
Use 


life in 24-hr. service of 18 yr. 
belts get such excellent care. 
data from this column for drives 
in 24-hr. service, or important 
drives in 10- or 12-hr. service where 


a delay from belt trouble once in a 
vear or two would be serious or 


troublesome and where the addi- 
tional first cost is warranted to 
avoid it. 

(3) Column B is based on a total 
tension on the pull-side of 111 Ib. 
per in. width of standard double- 
ply belt running at a speed of 4.000 
ft. per min., with slightly higher 
tensions at lower speeds and slight- 
ly lower tensions at higher speeds, 
approximately according to Barth's 
recommendations. According to 
Taylor's experiments, belts run 24 
hr. per day with about this total 
tension will 
given exceptional maintenance. 


the design of drives carrying a very 
constant load (no fluctuations) 
where the equipment is operated 


only a few hours per day or only a 


machine for the maximum continu- 
ous load that will ever be carried for 
any length of time. If the driven 
machine will be overloaded for sev- 
eral minutes, this load must be used. 

There are certain drives which 
have not lent themselves readily to 
this method of treatment, such as 
drives where a torque occasionally 
occurs either during starting or 
running, which is very large com- 
pared to the average torque. In 
general, these occasional extreme 
torques are the limiting conditions 


where the 
motor pulley is made of paper and 
the drive is so laid out that the arc 
of contact with the motor pulley is 


has stretched so that the upper belt 

is 
table is not intended for use with 
lineshaft drives without idlers, nor 
with the idlers unless the smaller 


at 
other speeds as recommended by 


last seven years if 
The 
data in this column are suitable for 


These percentages apply to belts of any 
thickness. The percentages in column A, 
apply to the data in column A; those in 
column Bi to column B; and those in column 
Ci to Column C 


few months per year, for example, 
heating fans. These data are also 
suitable for the layout of drives car- 
rying a constant, or nearly constant 
load. such as ventilating fans, 
where operation is for 10 or 12 hr. 
or more per day, and where a case 
of belt trouble occasionally will not 
interfere with production. 

(4) For drives where the torque 
is fairly uniform, as on compressors 
with flywheels, Root or Connelsville 
blowers, and the like, use effective 
pulls between the values in columns 
A and B, using values nearer those 
in column A for 24-hr. service, for 
more important drives, and for 
drives where the torque is more 
variable (as on single-stage com- 
pressors); and values nearer column 
B for 10-hr. service on less impor- 
tant drives and for drives where 
the torque is less variable, such as 
on two-stage compressors. 

(5) Column B is also suitable for 
checking or planning a drive for 
starting conditions or high swings 
with extremely variable load where 
this is likely to be the limiting fea- 
ture of the design, and the most 
extreme reliability is essential, or 
where the service is exceptionally 
severe as in the frequent starting 
of a squirrel-cage induction motor 
in a location where there is dust 
which will decrease the friction of 
the belt on the pulley, and where 
the belt will not be well cared for. 

(6) Column C is based on a total 
tension on the pull side of 146 Ib. 
per in. of width of standard double- 
ply belt at 4,000 ft. per min. with 
slight variation for higher and low- 
er speeds. This was about the 
stress which was considered advis- 
able by old-time millwrights. En- 
gzineers of late years have been 
using lower stresses because of the 
greatly increased belt life, greater 


in such drives, and the drives must 
be planned to meet them, both as to 
the size and strength of the belt re- 
quired and as to the weight of idler 
necessary to prevent the belt from 
slipping. Such drives are: 

(a) Machines driven by small 
squirrel- cage, induction motors 
which are started directly across the 
line. Such motors ordinarily de- 
velop at starting 125 to 150 per cent 
of full-load torque, which gradually 
increases with increase of speed un- 
til at roughly 75 per cent of full 
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reliability, and lower maintenance. 


do not recommend the use of 
such stresses for steady running in 
any design, even for -occasional 
use. However, it is reasonable to 
use such stresses during the start- 
ing period on drives where more 
torque is exerted during starting 
than during running (such as cases 
where amall induction motors are 
started “across the line” without a 
compensator) and where such 
stresses do not occur too frequently. 

(7) On drives where the maxi- 
mum torque of the motor is two or 
two and one-half times the name- 
plate rating, and the nature of the 
load is such that this torque or 
something approaching it may be 
expected to be exerted occasionally 
(for example, a jaw crusher for 
rock) it is necessary to check the 
design for maximum torque. If the 
drive is unimportant and occasional 
belt trouble not of serious impor- 
tance, the values in column C are 
reasonable for this purpose. If re- 
liability is of more importance or 
conditions are unfavorable to the 
belt, such as dust, out-of-the-way 
location where poor maintenance 
may be expected, and the like, it 
is often advisable to use values 
somewhere between those of col- 
umns B and C for checking maxi- 
mum torque. Only where the maxi- 
mum torque of the motor is exerted 
frequently and extreme ruggedness 
and reliability are desired is it nec- 
essary to keep the stresses as low 
as those of column B at the stall- 
ing point of the motor. 

(8) Use the percentages in col- 
umns Ai Bi and Ci in determining 
the slack-side belt tension for loads 
having a variation in torque no 
greater than that of a two-stage 
compressor or a Root blower. 

(9) For loads having a variation 
of torque in each revolution, like a 
single-stage compressor with a fiy- 
wheel, multiply the above percent- 
ages by 1.15. 

(10) For loads having greater 
variation in torque than a single- 
stage compressor with flywheel, 
such as any mechanism having a 
crank and no flywheel, compute or 
estimate the maximum torque dur- 
ing the revolution and figure both 
effective pull and per cent static 
tension on that basis. In such a 
case use the above percentages un- 
altered. 

(11) The percentages in columns 
41. Bi and Ci apply to drives where 
the angle of contact between the 
belt and driving pulley is 210 to 
230 deg. when the idler pulley is at 
its lowest position. Most such de- 
signs as we are considering fall 
within this range. In case special 
conditions make it advisable to lay 
out a drive where the angle of con- 
tact falls outside this range. cor- 
rect the above table by multiplying 


the tabular percentages by con- 
stants as follows: 
Angle Multiplying 
of Wrap“ Constant 
180 deg. 1.12 
190 deg. 1.09 
200 deg. 1.06 
240 deg. 0.965 
250 deg. 0.95 


speed they develop 200 to 250 per 
cent of full-load torque (not horse- 
power). The lower value is for slow- 
speed motors, say up to eight poles 
and the larger value is for four- and 
six-pole motors. . 

(b) Some machines in severe ap- 
plications, such as coal or rock 
crushers, not infrequently sustain 
momentary loads approaching the 
maximum or stalling torque of the 
motor. Often the shearing pins 
break at this load., In the case of 
some kinds of machines, a horseshoe 
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or some freight-car part comes 
through in the raw material just 
often enough so that it is impracti- 
cable to burn up a belt every time 
this happens. 

My method of designing such 
drives is to so proportion the belt 
and idler pulley, that the drive will 
carry the maximum torque or stall- 
ing torque of the motor without in- 
jury to the belt through over-stress 
or slipping of the pulley. 

If these extreme stresses are in- 
frequent, it is unnecessary to main- 
tain as low belt stresses through 
their duration as would be reason- 
able for continuous operation. Sug- 
gestions for suitable stresses to al- 
low during these extreme overloads 
will be found in the notes following 
Table I. 

Generally, it is necessary to fig- 
ure such a design through for av- 
erage running conditions and again 
for- starting or extreme overload 
conditions. The weight of the idler 
pulley required is almost invariably 
determined by the starting or over- 
load conditions. The size of belt re- 
quired is sometimes determined by 
the overload or starting condition 
and sometimes by the normal load 
condition. This seeming anomaly is 
due to two facts. 

(a) The design for the occasional 
heavy load during starting or over- 
load is figured on a basis of heavier 
belt stresses than is the normal run- 
ning load. 

(b) The extreme load or stalling 
torque occurs at approximately 75 
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per cent of normal speed. If the 
drive is so planned that the belt 
speed is close to 5,000 ft. per min. 
at normal running speed, the belt 
will be working under much more 
favorable conditions as to grip on 
the pulley at 75 per cent of that 
speed (see Table No. I). 

When the weight of idler pulley 
necessary to carry the occasional 
heavy torque in a drive of this kind 
greatly exceeds the weight of pulley 
necessary for normal running and 
the design for normal running hap- 
pens to determine the size of belt, it 
is well to increase the belt width 
slightly to allow for the increased 
weight of idler pulley over that cor- 
responding to the assumptions on 
which Table I was calculated. Par- 
ticularly is this true when normal 
running stresses are assumed higher 
than those shown in column 4, 
Table I. 

A direct-current, compound motor 
or even a shunt motor is capable of 
exerting a torque far greater than 
200 to 250 per cent of full-load 
torque. Such motors are seldom 


Fig. 3—This motor and short-cen- 
ter belt drive have replaced the 
steam engine formerly used. 


The flywheel on the steam engine 
was used for the driven pulley and 
the short-center drive shown just 
fits into the space formerly occu- 
pied by the engine. A 75-hp., two- 
speed, 600-1200-r.p.m., sduirrel- cage. 
induction motor is used, which 
drives the heating and ventilating 
fan through a 12-in. belt. A 12-in. 
diameter pulley is used while the 


diameter of the driven pulley is 60 
in. and the diameter of the idler is 
16 in. The pulley faces are 13 in. wide. 


169 


started across the line, except in ex- 
tremely small sizes, but they are 
sometimes used on drives where they 
develop extremely high, momentary 
torques. In designing a short-belt 
drive for such an application, I 
know of no rational procedure except 
to determine by some means the 
maximum torque to be expected. 


EFFECT OF DRIVE PULLEY SPEED AND 
BELT VELOCITY 


The drive pulley speed is generally 
fixed by the speed of the motor to be 
used. If an attempt is made to de- 
sign a drive for a motor having too 
high a speed, it will figure out un- 
reasonable in proportions and the 
necessity for a change in motor 
speed will be evident. 

Within certain limits, as the speed 
of the belt is increased, the width of 
the belt may be decreased. This 
causes less load on the motor bear- 
ings, which gives longer life and 
cooler running. Increasing the belt 
speed and at the same time keeping 
the shaft or pulley r.p.m. the same, 
means increasing the pulley diam- 
eter which results in the belt being 
bent less sharply over the pulleys, 
thereby giving a longer belt life. 
Carried to an extreme, this results 
in belt speeds such that the belt 
tends to leave the pulley by centrifu- 
gal force and the actual power trans- 
mitted by friction is greatly reduced. 
Translating this into definite fig- 
ures means that up to a maximum 
of 4,000 to 4,500 ft. per min. belt 
speed, the higher the belt speed, the 
better and cheaper will be the de- 
sign; from 4,500 to 5,000 ft. per min. 
there is no worth-while gain unless 
starting conditions are rather se- 
vere; beyond 5,000 ft. per min., the 
drive is definitely poorer and more 
expensive. 

Then let us say, make the speed 
as near to 4,000 to 4.500 ft. per min. 
as other conditions will allow. Gen- 
erally this speed is limited by the 
largest pulley which can be put on 
the driven machine without striking 
the floor or the ceiling, by the size 
of flywheel furnished as standard by 
the manufacturer (as on a compres- 
sor), where a change would be too 
expensive to consider; or by some 
other similar consideration. 


CONSIDERATIONS AFFECTING THE 
BELT THICKNESS 


In some cases the question may 
arise in the designer’s mind whether 
to use single- or double-ply belt, or 
whether to use double- or triple-ply 
belt. In this connection, F. W. Tay- 


INDUSTRIAL ENGINEER 


Belt 


lor, as a result of his classical ex- 
periments at Midvale, continuing 
through nine years, recommended as 
follows: 

(a) Belts are more durable and 
more satisfactory when made narrow 
and thick rather than wide and thin. 

(b) It is safe and advisable to use 
a double-ply belt on a pulley 12 in. 
in diameter or larger; a triple-ply 
belt on a pulley 20 in. in diameter 
or larger; and a quadruple-ply belt 
on a pulley 30 in. in diameter or 
larger. 

These recommendations were 
based mostly on drives without idler 
pulleys. Where idler pulleys were 
used, they were not close to the driv- 
ing pulley, as in the class of drives 
which we are considering, but sev- 
eral feet distant. Therefore, the 
sharp reverse bend around the idler 
pulley, which is characteristic of our 
drives, was absent. It is likely, 
therefore, that it will be best when 
possible, to modify Taylor’s recom- 
mendations to the following: 

Do not use double-ply belts on pul- 
leys smaller than 14 in. in diameter. 

Do not use three-ply belts on pul- 
leys smaller than 24 in. in diameter. 

Do not use four-ply belts on pul- 
leys smaller than 36 in. in diameter. 

Where the special exigencies of the 
design demand it, it is perfectly 
practicable to use the smaller pulleys 
in Taylor’s recommended list and 
“get away with it.“ 


SELECTION OF EFFECTIVE BELT 
TENSION 


In the middle of page 167 we 
spoke of the variation of the torque 
in a revolution, required by some 
drives. This torque variation causes 
a variation in the tension on the belt. 


Table II— Analysis of Six Examples of Short-Center Belt Drives 
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Idler at Low- 


est Position 


Idler Lifted 
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In our calculations for the drive we 
will use an average value of belt ten- 
sion which we will call the effective 
belt tension. These values, which 
are given in Table I, have been de- 
termined from my experience. 

Most pulleys are made nowadays 
of paper. The constants and discus- 


Fig. 4—Is the rope shown at A 
under greater stress than the one 
shown at B? 


The answer is yes and is borne out 
by the two men carrying a heavy 
traveling bag. as shown at C. 

and E. At C the men stand close 
together with their arms hanging 
straight down and parallel so that 
each carries half the weight of the 
bag. or 100 1b. At D. they are 
standing farther apart, which means 
they must pull a little as well as 
lift, with the result that there is a 
tension on their arms of 115.5 Ib. 
At E, it can easily be seen that they 
must exert quite an effort in lift- 
ing the bag. Diagrams A and B are 


analogous to the left-hand and 
right-hand diagrams, respectively, 
of Fig. 2. 


ope, heavy stress 


AN 


of Load 


Remarks 
| 
| 
compressor| Entirely successful 
compressor| Slipped every time splice passed pulley 
No slip whatever. Belt doesn’t touch drive 
pulley at edges. Contact width 7 to 8 in 
instead of 12 in. 
compressor] Successful. Slip not apparent but smell 
leather frequently. Measured slip, 1.40%, 
which is normal. 
Entirely successful if motor is started with 
compensator 
| Moter starts against heavy inertia load. | 
No apparent slip at start or running. @ | 


sion here given assume that paper 
motor pulleys will be used. With 
iron or wood pulleys larger belts are 
necessary. : 
For short-center belt drives you 
can work the belt somewhat harder 
than on an ordinary drive for the 
ratio of the slack-side tension to the 
pull-side tension is far lower than 
with direct drive. The total tension 
on the pull-side is correspondingly 
reduced. This is partly due to the 
large arc of contact on the small 
pulley, partly to the fact that the 
slack-side tension is fixed by the de- 
signer and no overstressing is nec- ` 
essary to allow for subsequent slack- 
ing off as the belt stretches, and 
partly to the fact that the small driv- 
ing pulley is paper. Our experimen- 
tal results check this conclusively. 
The best known data on belt stresses 


MS Rope carries only f 
a little more 
than 50 1b. 
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are probably F. W. Taylor’s* pub- 
lished values based on his experi- 
ments at Midvale. Many engineers 
know how their practice in ordinary 
belt drives compares with his rec- 
ommendations. For this reason in 
the notes following the tables, I give 
some reference to the two types of 
belt drive designs discussed by him, 
that is, to layouts in which the 
maximum stress in the belt is lim- 
ited to 54 Ib. per in. width of double 
belt as he recommended, and layouts 
in which stresses of about double 
that value are permitted. 


METHODS OF FINDING BELT WIDTH 
AND STATIC TENSION 


Having selected from the data in 
Table I an appropriate value for the 
effective tension per inch of belt 
width, compute the belt width ac- 
cording to the following formula: 

Width in inches equals (horse- 
power 33, 000) — (belt speed eff ee- 
tive tension per in. of belt width). 

With the motor and driven ma- 
chine stationary, there is a tension 
on the belt due to the weight of the 
idler pulley. If there were no fric- 
tion in the bearings, this tension 
would be equal in all parts of the belt 
when the machine is not running. 
For want of a better name, we will 
call this the static tension. A cer- 
tain minimum static tension is nec- 
essary to produce the necessary fric- 
tion between the belt and the driving 
pulley. Once we determine this nec- 
essary static tension, we are in posi- 
tion to determine the weight of the 


*Transactions of the American Society 
of Mechanical Engineers, Volume 15. 
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Table I1I—Relation of Con- 
tact Arc to Loading 


With a given net tension (static ten- 
sion less tension due to centrifugal 
force) in the belt on the slack side of 
the pulley, a drive will carry the fol- 
lowing relative loads with variation in 
proportion of pulley surface in contact 
with belt. | 


— 


Are of 


elative 
R Contact 


idler pulley required to produce it. 

The study of the design data and 
operating results of six drives in 
service (see Table II) indicates that 
a convenient method of estimating 
this static tension, is by the use of 
a percentage of the average effective 
tension. 

The conditions as to arc of contact, 
angle of supporting rods and neces- 
sary static tension are not constant 
for any one drive. As the belt 
stretches the idler takes a lower posi- 
tion, the arc of contact increases, 
and due to the change in the angles 
of the belt on the slack side, the 
static tension decreases. When the 
upper belt almost touches the lower, 
the operator moves the motor away 
from the driven machine, which 
raises the idler, and the process 
starts over again. 

It would appear at first thought 
that a drive would carry more load 
when the idler is low, as shown at 
the right of Fig. 2, than when the 
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idler is high, as shown at the left of 
Fig. 2. The contact area of the belt 
on the pulley is greater in the for- 
mer position. Almost any millwright 
or operating man takes this view 
of the matter. If he has trouble, 
he adjusts the motor on its base to 
obtain greater wrap of the belt on 
the driver pulley. The facts are 
precisely the opposite. 

The maximum load which the 
drive will carry without excessive 
belt slip depends somewhat upon the 
arc of contact, but not in proportion 
to that arc. The exact relationship 
is shown in Table III. This shows 
that for arcs above 180 deg. the 
gain is not great. The maximum 
load depends also upon the static 
tension or stress on the slack side of 
the belt, and (belt velocity remain- 
ing unchanged) is directly propor- 
tional thereto. It is this loose-side 
tension which keeps the belt in con- 
tact with the driving pulley, and pro- 
duces the driving friction. Now, 
once the weight of the idler pulley 
is fixed, this loose-side tension de- 
pends upon the position of the idler. 
The conditions are exactly analogous 
to those shown in Fig. 4. It is evi- 
dent that the stress in the rope will 
be enormously greater at A than at 
B. This effect is so much more 
marked that it entirely offsets the 
disadvantage of less arc of belt con- 
tact on the driving pulley in the case 
at the left of Fig. 2 and further 
greatly increases the maximum 
horsepower load possible for the 
drive to carry. However, the fact 
remains that the millwright or the 
operating engineer almost invgriably 


Fig. 5—The small space available 
made a short-center drive impera- 
tive at this location. 


This drive is located in a basement, 
one wall of which is just to the left 
of the motor (cannot be seen in 
illustration) and the other wall is 
immediately to the rear of the air 
compressor. This air compressor is 
driven by a 450-hp., 600-r.p.m., syn- 
chronous motor through a 28-in. 
standard double-ply belt running 
over a 16-in. motor pulley and an 
84-in. air compressor pulley. The 
idler is 22 in. in diameter. All of 
these pulleys have a 29-in. face. As 
can be seen this drive is coupled 
very closely together. With the ar- 
rangement as now used, the air 
compressor runs close to 120 r.p.m. 
with the 450-hp. motor developing 
about half of its normal rating. 
When the requirements for air be- 
come heavier a larger pulley will 
be placed on the motor, thus speed- 
ing up the air compressor so as to 
meet the new requirements. Since 
the efficiency of the synchronous 
motor is only about 2 per cent 
lower at half-load than at full- 
load, this arrangement of motor 
drive makes a very desirable com- 
bination, giving high economy and 
low maintenance for present re- 
quirements and yet having sufficient 
capacity to take care of anticipated 
future growth. 
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fails to see it that way, and even if 
instructed by a card or booklet 
shipped with a purchased machine, 
or by word of mouth, his successor 
will not be benefited. Every drive 
should be designed so that it will 
operate entirely satisfactorily in such 
a position as that shown at the right 
in Fig. 2. If through error, or fail- 
ure to appraise correctly the degree 
of non-uniformity of torque, the de- 
signer fails to proportion the weight 
of the idler pulley correctly, it is 
often possible to operate the drive 
satisfactorily by shortening the belt. 
In such a case it is best to arrange 
a stop to make it impossible for the 
idler to take a low position, or to 
supply a heavier idler pulley when 
convenient. Otherwise, trouble and 
dissatisfaction are sure to follow. 

Before the above digression we 
had progressed to the point of de- 
termining the static tension. We 
had decided that as convenient a 
basis as any for tabulating the re- 
sults of experience for use in future 
designs was to express this quantity 
as a. percentage of the average ef- 
fective tension. Then during our 
digression we decided that it was 
advisable to proportion all designs 
on the assumption that they would 
sometimes be called upon to operate 
in the position shown at the right in 
Fig. 2. Based on the above premises 
and an analysis of the six drives 
ranging from 5 hp. to 200 hp. given 
in Table II, reasonable assumptions 
for the static tension expressed as a 
percentage of the average effective 
tension are given in columns A,, B, 
and C, of Table I. The data for a 
belt speed of 5,000 ft. per minute, 
which lies somewhat beyond any of 
our experimental values, were deter- 
mined by computing the effect of 
centrifugal force, by the method of 
analysis published by Carl Barth** 
with modifications of the constants 
for the difference in assumed condi- 
tions. Since no experimental data 
at this speed on a drive of the type 
which we are discussing were avail 
able, a larger factor of safety was 
introduced into these data; that is, 
the data at 5,000 ft. are presumably 
safer than the remaining data in 
Table I. 


How THE REQUIRED IDLER WEIGHT 
FOR AN INSTALLATION IS FOUND 


So far, we have determined our 
effective tension and from it, by the 
selection of an appropriate percent- 


**Transactions of the American Soci- 
ety of Mechanical Engineers, Volume 31. 
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Fig. 6—Method of determining the 
weight of idler required for a 
short-center belt drive. 

The tension in the belt between C 


und D is laid off graphically at 
Cit): parallel to CD. The same is 
done at A111 for the belt AB. We 
now lay off O:Rı parallel to the 
hinge rod OR and also O02EIi paral- 
lel to OF, which represents the 
weight of the idler. Now measure 
O: Hi from its intersection with O1 
to Ei. This distance measured by the 
same scale used in laving aut AıBı 
and Ci Di gives the idler weight. 


age from Table I, our static tension. 
The last step is to determine the 
necessary weight of idler, including 
therein that part of the weight of 
the supporting rods and fittings, 
which is borne by the idler. Let us 
call this total the effective weight on 
the idler. The best method for ob- 
taining this weight is by a simple 
layout. 

Anyone who is at all familiar with 
graphic statics as applied to the de- 
termination of stresses in structures 
will immediately recognize the prin- 
ciples involved. However, do not 
permit a lack of familiarity with 
this subject to deter you. The lay- 
out is so simple that it makes little 
difference whether you understand 
the principles or not. First make a 
scale layout of the proposed drive 
with the idler in the position which 
it will take when the belt has 
stretched until the upper belt almost 
touches the lower. 

The stresses in the belt AB and 
CD of Fig. 6 are equal; they are the 
static tension determined as de- 
scribed above. Lay out C. D, to 
some convenient scale, parallel to CD 
and numerically equal to the static 
tension. Lay off A,B, parallel to 
AB and equal to C. Di.. OE repre- 
sents the required effective weight of 
the pulley and is of course perpen- 
dicular to the floor. RO is the hinge 
rod which supports the idler pulley. 
Lay off O, R, parallel to OR and 
draw O.E, parallel to OE. Measure 


O. E, from intersection to intersec- 
tion. The length will give the effec- 
tive weight of idler required, to the 
same scale assumed in laying off 
C. D, and A,B.. 

From this effective weight we 
must subtract that part of the 
weight of the two hinge rods and 
fittings which are supported by the 
idler. Since these weights amount 
to a comparatively small part of 
the total weight of the idler pulley, 
it will be sufficiently accurate if we 
deduct from the effective weight of 
the idler as follows: (1) The weight 
of the shaft and fittings which clamp 
it to the hinge rods. (2) Half the 
weight of the two hinge rods. The 
result is the net weight of the idler 
pulley needed. 


EXAMPLE OF COMPUTATIONS FOR AN 
AIR COMPRESSOR DRIVE 


Let us lay out the drive arrange- 
ment for a single-stage air compressor 
driven by a direct-current motor run- 
ning at 1,150 r.p.m. The motor starter 
is of the ordinary manually-operated, 
resistance type. Rated speed for the 
compressor is 425 r.p.m. The com- 
pressor pulley is 3 ft. in diameter. The 
manufacturer’s bulletin states that 7.2 
hp. is required to drive the compressor 
under our conditions of volume and 
pressure. The layout for the drive is 
shown in Fig. 6. 

We cannot very well change the com- 
pressor pulley; so our belt speed is 
fixed in spite of us. It is equal to the 
compressor r. p. m. X diameter (in feet) 
of compressor pulley X 3.1416 2425 K 3 
3.1416 = 4,010 ft. per min. Since our 
motor runs at 1, 150 r. p.m., in order to 
secure the correct compressor speed the 
motor pulley diameter must equal 
{diameter (in inches) of compressor 
pulley compressor r.p.m.—motor 
r.p.m. ]== (36425) L 1,150 = 13.3 in. 
Since there may be some slip or creep 
in the belt we will use a pulley diam- 
eter of 1312 in. ` 

An effective tension of 50 to 60 lb. 
per in. of standard double-ply belt is 
suitable for our design (see Table I and 
notes 2 and 3). 

Reference to columns A and B of 
Table I will show that the effective pull 

(Please turn to page 207) 
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INDUSTRIAL BUILDINGS would 

ably be painted more frequently if it were 
possible to decrease the cost and eliminate 
Mr. Richards 
takes up in this article the practices which 
he uses to reduce the labor cost, which is 
about two-thirds of the total painting cost, 
and speed up the work in painting the in- 
teriors and exteriors of the nine widely sepa- 
rated bakeries, each of considerable 


interference with production. 
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Mechanical Painting of 
Industrial Plants 


With a Discussion of the Application and Advan- 
tages of Such Painting Together with Specifications 
for Various Types of Industrial Jobs 


By KEENE RICHARDS 


Industrial Engineer, Grennan Bakeries, Inc., 
Detroit, Mich. 


( erticulary am of daylight, 
particularly during the win- 
ter, and the maximum utiliza- 
tion of artificial light emphasize the 
importance of the proper mainte- 
nance of interior painting in facto- 
ries and shops. 

Several different classes of mate- 
rials, for example whitewash, cold- 
water paints and oil paints, are 
available for use in painting the 
interiors of industrial plant build- 
ings and inasmuch as the selection 


of the proper material is a matter 
of considerable importance it will be 
worth while to consider briefly the 
advantages and disadvantages of 
each. First, however, I want to call 
attention to a fact that is sometimes 
overlooked: The labor required to 
apply the paint, the interference 
with production, and the cost of 
preparation of the surface are the 
greatest factors in painting. The 
cost of the material is approxi- 
mately only a third of the total cost. 
Obviously, the cost of the labor and 
the interference with production 
are the same whether whitewash, 
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In working around machinery, a stepladder 
is sometimes the most advantageous type 
of scaffolding. In cases such as this, it is 
well to have a helper or two to arrange 
drop cloths ahead of the painter and re- 
move them after he has passed. 


cold-water paints or oil paints are 
applied. For this reason it would be 
unwise to use any but the best ma- 
terial as any saving in materials 
would be overbalanced by more fre- 
quent paintings or difficulties inci- 
dental to this application. 

As a general proposition, the use 
of cold-water paint or whitewash is 
not to be recommended. The cost of 
preparing the surface after the first 
few coats is much greater when 
cold-water paint is used; in fact this 
is its greatest fault, and it is so seri- 
ous that its use should never be con- 
sidered except for buildings of the 
most temporary character. 

The writer has found from experi- 
ence that it is practically impossible 
to prevent cold-water paint from 
flaking off. If used on new work it 
does not penetrate and secure a 
proper bond; if on old work it flakes 
continually taking not only the new 
coats, but some of the old material 
and often coming off clear down to 
the original surface. 
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If cold-water paint must be used. 


its use should certainly be confined 
to plaster and masonry. Its use on 
ceilings is out of the question in any 
plant handling food or any other 
material in which the presence of 
flakes of paint would be objection- 
able, as any building vibration will 
be accompanied by a shower of paint 
flakes of various sizes. Another bad 
feature is the fact that this difficulty 
will not show up until the structure 
has been in use for some time after 
painting. For this reason several 
coats of cold-water paint may be 
applied before the seriousness of the 
damage is appreciated. 
After cold-water paint has once 
been applied, it is very difficult to 
apply any covering over it which will 
stick. The only manner of applica- 
tion which is in any way satisfac- 
tory, is to scrape and wire-brush the 
entire surface until all of the pre- 
vious coating that will come off has 
been removed. Oil paint may then 
be applied. However, if much lime 
remains on the surface from the 
cold-water paint, several coats of oil 
paint will be required before a good 
surface is secured. 

A particular type of white paint 
especially adapted for use in indus- 
trial work, has been developed by a 
number of concerns. The best type 
of this paint, I believe, is that with 
a gloss surface as it catches and re- 
tains dirt to a less extent than some 
other types. A liberal use of paint 
of this sort will produce wonderful 
results not only in the appearance of 
the building but in actual saving of 
artificial light. Even though white 
paint shows dirt readily, it is by far 
the best surface coating for the up- 
per parts of walls and for ceilings. 

Various arguments are advanced 
in favor of the use of cream color, 
slightly buff or other tinted paints. 
In my opinion their use is not to be 
recommended. If the original color 
could be maintained free from dirt, 
there might be some advantage in 
having the paint toned down with 
some light tint. These paints, how- 
ever, soon become uniformly dead in 
color and produce a gloomy appear- 
ance with practically no conservation 
of light. Objection is sometimes 
made to white paint, particularly of 
gloss variety, in that it is said to 
cause glare. The glare is produced 
primarily by poor or improperly lo- 
cated sources of light. The primary 
object of the paint on the walls and 
ceilings of industrial buildings is to 
reflect all light available. Electric 
light bulbs should be properly located 
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and shaded, and windows so lo- 
cated or glazed with ribbed glass as 
to prevent direct or reflected glare. 

Gloss paint has considerable ad- 
vantage over flat paint, especially in 
durability and ease of cleaning. Its 
life in place is probably in the neigh- 
borhood of 20 per cent greater than 
that of a flat paint of the same char- 
acter. White paint in common with 
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all other paints gets dirty, but even 
after it has picked up a considerable 
amount of foreign material it is still 


-more efficient, in so far as its light- 


reflecting power is concerned, than a 
tinted paint when first applied. 

In addition considerable psycho- 
logical effect is produced by the use 
of white paint. Any man will hesi- 
tate before touching a white wall 


Standard Specifications for 
Industrial Painting at Grennan Bakeries, Inc. 


General—The following specifica- 
tions will be strictly adhered to 
in the painting of all buildings 
belonging to this company, or in 
the painting of rented property, 
the cost of which is borne by this 
organization. These specifica- 
tions will be enforced whether 
the painting is done by our own 
maintenance men or whether the 
job is let on contract. New con- 
struction and special cases will 
be referred to the Engineering 
„ for detailed instruc- 
ions. 


Preparation of Surfaces—All sur- 
faces to be painted must be 
clean, free from grease, loose 
paint and rust. It is an absolute 
waste of time and material to 
paint over an improperly-pre- 

ared surface. New work must 
e properly prepare by shel- 
lacking all 

stains and in the case of exterior 
work, by proper priming. 

Walls and Ceilings—Rice’s Bar- 
reled Sunlight (U. S. Gutta 
Percha Paint Co., Providence, 
R. I.) will be applied to walls 
and ceilings. This material will 
be sprayed on in every case 
when under contract and on 
maintenance work in our plants 
which have the necessary equip- 
ment. In the smaller plants or 
for smaller jobs, it may be 
brushed on. 


Dado—A 4-ft. dado with a 2-in. 
black strip at the top will be 
applied after white is thoroughly 
dry. The white will be carried 
under the dado only on new 
work. This dado will be of 
Lucas brown dado color made by 
John Lucas Co., Philadelphia, Pa. 


Radiators—Radiators will be paint- 
ed with the same materials as 
the dado with the exception of 
ceiling radiators which will be 
painted white. 

Metal Windows—Metal windows 
will be primed with red-lead 
primer and one coat of black 
enamel. Wooden window frames 
on the interior will receive the 
same treatment as the adjacent 
wall surfaces. 

Piping—aAll pipe and conduit, with 
the exception of the sprinkler 
system, will be painted the same 
as the adjacent surface. Sprin- 
kler system will be painted with 
one coat of red-lead primer and 
one coat of Lucas vermilion pip- 
ing enamel. Boiler fronts, water 


ots or creosote . 


heaters and exposed tanks will 
be painted with graphite paint. 

Fire Doors—Fire doors will be 
pepe with Lucas grey dado 
color. 


Machimery—(a) Machines used in 
the preparation of our bakery 
products are painted with Val- 
entine’s enamel primer and one 
coat of Valspar (Valentine & 
Co., New York City) white 
enamel. (b) Ammonia compres- 
sors, pumps and other miscel- 
laneous equipment receive one 
coat of Lucas grey dado color 
and one coat of clear varnish. 


Office Walls and Ceilings—Old 
calcimine will be removed in 
every instance. Walls will then 
be sized if necessary and treated 
with light-buff calcimine, either 
Alabastine or material of equal 
quality. Dado will be Lucas 
brown dado color with 2-in. black 
strip at the top. Woodwork will 
be egg-shell varnish; radiators 
are to match adjacent surface. 


Exterior—All new surfaces will be 
properly prepared and primed; 
in the case of metal, with red 
lead; in the case of wood, with 
white lead and linseed oil. After 
the priming coat the succeeding 
coats will consist of two parts of 
white lead, one part zinc oxide, 
mixed with linseed oil and not to 
exceed 10 per cent turpentine. 
This mixture will then be tinted 
to the color selected. ire 
escapes, metal windows and ex- 
terior metal work, which are not 
to be the same color as the body 
of the building or trim, will be 
finished with graphite paint. 

Workmanship—No work is to be 
done on damp surfaces, nor is 
any exterior work to be done on 
rainy days or when the surface 
is in unsuitable condition. The 
spray method will be used wher- 
ever possible as labor ordinarily 
constitutes about two-thirds of 
the cost of a paint job. Under 
no circumstances will cold-water 
paint be used on any building, 
equipment or property of this 
company except as specified for 
walls and ceilings of offices, un- 
less special permission is secured 
in writing from the Engineering 
Department. 

Purchase—All paint will be or- 
dered from the Purchasing De- 
partment; the requisition must 
be approved by the industrial 
engineer of this company. 
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with grimy hands whereas he would 
not even be conscious of the fact 
that he had made finger marks on a 
wall of darker color. 

It is not recommended that white 
paint be carried entirely to the floor. 
The lower 5 ft. of the wall does not 
help to conserve light, not only be- 
cause it is obstructed by machinery 
and equipment, but because it re- 
ceives little or no light from win- 
dows or the sources of artificial 
lighting. 

In the writer’s opinion there is 
only one way to apply paint and that 
is by means of mechanical painting 
by the air spray or gun. This is 
largely due to the relative cost of 
labor and material in painting. Ac- 
cording to estimates made by Engi- 
neering News-Record and based on a 
survey of $400,000,000 worth of new 
industrial construction during 1924, 
about $12,000,000 was spent in 
painting alone. The paint itself 
would cost about $4,800,000, or a 
little over a third of the total paint- 
ing cost; the remainder, approxi- 
mately two-thirds of the total, was 
spent for labor, scaffolding and other 
miscellaneous expenses. 

In repainting old buildings the 
relative proportion of labor cos: 
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would probably be higher because 
new buildings are generally painted 
before the machinery, stock, sup- 
plies or other material are installed. 
It will require more labor and time, 
therefore, on a repaint job than on 
new construction because it is neces- 
sary to paint around the machines 
and other objects and also to clean 
up any dirty spots before repainting. 
This would bring the relative costs 
more nearly to a two-to-one basis. 
These figures indicate very clearly 
two things: First, any attempted 
economy in painting by the use of 
inferior materials is absurd, as the 
gross saving is absolutely negligible 
even if durability is ignored. Sec- 
ond, the big opportunity to lower 
the cost of painting is in mechanical 
labor-saving devices. Of these labor- 
saving devices, the mechanical paint- 
ing system is the major one. 


ORGANIZATION FOR PAINTING WORK 
IN INDUSTRIAL PLANTS 


In the average factory covering 
75,000 sq. ft. or more, of floor area, 
it would be of advantage to purchase 
a two-gun, motor-driven outfit which 
can be kept in almost continuous use. 
This equipment can be operated by 
moderately skilled labor with a 
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skilled brush painter following up to 


take care of piping, window sash, 


and other equipment which may re- 
quire touching up. It will be found 
when this equipment is first installed 
that a slightly greater quantity of 
paint wili be used but as the operator 
becomes skilled there will be a con- 
siderable saving. The gross saving 
over hand work should be at least 25 
per cent. Other savings can be 
made which are somewhat indefinite, 
such as a decrease in the amount of 
scaffolding required and through the 
ability of the paint gang to go 
through various departments during 
the periods when they are shut 
down either at night or on holidays. 

Where an industrial organization 
consists of a number of small plants 
located in different cities, it is better 
to purchase smaller units of equip- 
ment of perhaps only one-gun capac- 
ity for each plant, rather than to at- 
tempt to use larger units of equip- 
ment and ship them around among 
various plants. It is only by taking 
advantage of slack periods in vari- 
ous departments and by doing 
painting at exactly the best oppor- 
tunity that the maximum saving can 
be made. If it is necessary to ship 
the equipment this result cannot be 
obtained. 

Of almost as much importance as 
the proper selection of equipment 


and paint is the proper handling of 


scaffolding and drop cloths. The 
provision of a sufficient number of 
these enables one or two laborers to 
keep this equipment set up ahead of 
the painters and take it down behind 
them so that the men actually doing 
the painting can keep going without 
interruption. 

As in any other painting job, the 
most important part is the prepara- 
tion of the work. If this has been 
done correctly when the surface was 
first painted, comparatively little 
preparation is required before 
spraying. It is not the intention of 


Two ways to help the speeding-up 
of industrial painting. 


Here a paint spray is used on the 
interior brick wall of a building. 
This work is speeded up consider- 
ably by the portable scaffold and 
also the special and easily-con- 
structed device for holding drop 
cloths over the windows to prevent 
paint getting on the glass. It will 
be noticed that the brush painter 
has preceded the spray operator 
and has touched up around the 
windows and other places which 
would be covered up by the drop 
cloths. The construction of this 
platform, which is on casters, and 
also the frame for holding the drop 
cloths over the window, is easily 
seen from the illustration. The 
paint container is also mounted on 
wheels. The compressor is not 
shown here. 
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this article to emphasize well-known 
requirements of good painting. 
However, it is important that knots, 
sap and similar defects in wood, as 
well as scale, pitch spots and the 
weakness of other materials be prop- 
erly taken care of. 

One of the best methods I have 
found of sealing up an unsatisfac- 
tory surface, such as one that has 
had creosote applied to it or some 
stain which works its way through 
white paint, is to paint it first with 
aluminum bronze. This will effectu- 
ally seal up the surface ready for 
final work. Bronze paints should be 
applied preferably with a brush. 

While the air gun method is used 
in painting parts of machinery, 
equipment, automobiles, furniture 
and other products in production 
work, it has some limitations when 
applied to buildings. The simplest 
surface to paint, of course, is that of 
a wall or ceiling unobstructed by 
piping, shafting or other equipment. 
This sort of surface is, however, 
seldom met with. The most econom- 
ical way to paint an obstructed sur- 
face is to go right through with an 
air gun, ignoring ‘the smearing up 
of piping which is bound to occur. 
The gang can then be followed up by 
men with brushes or in the case of 
large piping, with a small-nozzle gun 
to touch up the piping. 


SOME SUGGESTIONS ON PAINTING 
PIPE LINES 


The question of pipe color is dis- 
cussed in a paragraph in the accom- 
panying standard painting specifica- 
tions. The brush men, whenever 
possible, should work on the same 
scaffold with the men handling the 
painting equipment. This is fre- 
quently impossible, however, and as 
the brush men merely touch up they 
often work from an ordinary step- 
ladder, without scaffolding. The il- 
lustrations show very well some 
types of scaffolding and drop cloths 
which have been found desirable. In 
addition, it is important that men 


Painting the ceiling of a new con- 
crete building. 


Notice the ease with which this 
entire equipment may be moved. 
The platform is constructed of the 
proper height for the painter and 
the wooden “horses” are put on 
casters, The paint container is 
placed on a truck so that it also 
can be easily moved. Even the 
compressor, Which does not have to 
be moved so much as the other 
equipment, is also portable. When- 
ever possible, it always pays to 
paint a building before the machin- 
ery and other equipment are in— 
stalled. Here the sprinkler lines 
and other pipes are in and may be 
painted by the spray or left for 
touching up by hand as desired. 
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using the spray method be equipped 
with a simple type of respirator to 
prevent the inhalation of paint 
fumes. The material is in a finely 
divided state and may cause serious 
illness if this precaution is not taken. 

It is of great advantage to have 
standard specifications issued for 
each building, covering exactly the 
kind and quantity of paint to be used 
on each class of equipment as well as 
on the building itself. A sample of 
the specifications used by this com- 
pany to cover painting of a factory 
handling food products is given else- 
where in this article. 

In some instances it is best to 
classify pipe lines by color, although 
I believe that this is frequently over- 
done. With the exception of fire 
protection lines and pipe lines carry- 
ing dangerous liquids or gases it is 
believed that piping had best be 
painted the same color as the adja- 
cent structure as it may then be run 
in with the sprayer without hand 
work. 

If it is desired to combine the ad- 
vantages of marking as well as 
spraying pipe lines, conduits and 
similar structures the pipe line color 
scheme may be carried out by run- 
ning it in with a brush, by painting 
valves or couplings on uncovered 
lines, or painting bands around cov- 
ered pipe lines. If this is done the 
men spraying should skip these 
bands sufficiently so that the origi— 
nal color will be visible for the man 
who is to follow up and run them in 
with the brush. This work must be 
very carefully checked up, as there 
might be considerable danger in the 
use of the wrong color on a line car- 
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rying ammonia or other dangerous 
liquid or gas. This system has been 
used in a number of central stations 
and has proved highly successful. As 
an additional factor of safety it is 
advisable to tag important valves on 
lines carrying high-pressure steam, 
ammonia or other dangerous gases 
or liquids. 


PROBLEMS INCIDENTAL TO WASHING 
PAINTED SURFACES 


While practically any good mill 
white paint will stand washing it 
will be found in the majority of 
cases that the cost of washing is in 
excess of the cost of repainting by 
mechanical methods. The labor cost 
of washing is higher than the labor 
cost of spraying and the cost of the 
necessary cleaning solution plus the 
extra labor will closely approach the 
cost of paint. The appearance of a 
cleaned surface does not, of course, 
approach that of a repainted surface. 
In some instances, it is necessary to 
clean and repaint both, as the sur- 
face may be in such condition that a 
satisfactory repainting job is impos- 
sible. l 

A solution of common washing 
soda or any of the neutral soda com- 
pounds on the market such as Wy- 
andotte Cleaner (J. B. Ford Co., 
Wyandotte, Mich.) are very good for 
general cleaning of paint work. 
Strong caustic alkali solutions must 
be avoided as they will remove not 
only the dirt but the paint, as well. 
In the case of very old paint it will 
probably be necessary to use a solu- 
tion of sufficient strength to remove 
a thin film of paint in order to clean 
the surface. 
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The great danger in using a clean- 
ing solution is that it may not be 
properly rinsed off and that it will 
continue to act on the paint after 
painting is completed. Different con- 
ditions involve different cleaning so- 
lutions. It will be found in some 
plants that a coating of a definite 
chemical compound will be formed 
on the paint due to the nature of 
the processes in the plant. 
this is found to be the case, the best 
way to lessen the necessity of re- 
painting too frequently is to provide 
adequate ventilating equipment at 
the source of air pollution. 

Many states require that hoods 
and suction lines be used in connec- 
tion with all machines or processes 
causing or generating dusts or 
fumes detrimental to the health of 
the workers. That this has other 
than health advantages is easily 
seen. 

While this equipment may be ex- 
pensive in first cost it can soon be 
charged off, due to the great saving 
in painting costs through less fre- 
quent repainting, and also through 
the increased illumination due to the 
better reflecting value of a painted 
surface which is not covered with 
dirt. This removal of obnoxious 
vapors must not be confused with 
general ventilation. In fact, general 
ventilation is often responsible for 
paint discoloration as it tends to 
spread any fumes before removing 
them from the building. A satisfac- 
tory job of painting cannot be done 
on a surface which has been coated 
with material of this sort, particu- 
larly if this material is a paint re- 
pellant. 

In many industries it is necessary 
to wash paint frequently for sani- 
tary reasons. This washing will 
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How a small painting unit is used 
for follow-up work. 


Motor-driven compressor units, 
such as this, with a small single- 
gun outfit, are used for painting 
radiators, pipe lines and for other 
follow-up work, as well as in small 
plants which do not require a 
larger unit. Here the paint is 
stored in a small container near 
the gun. Notice particularly how 
the wall and floor are protected by 
drop cloths. 


generally be required only on the 
lower 6 ft. of the wall. Where this 
is the case a dado should be painted 
of a high-grade, water-resisting 
paint or the ordinary wall paint may 
be used and this dado given a coat 
of spar varnish. In these buildings 
it is much more satisfactory to have 
this wainscoting made of white 
enamel brick, tile or glazed brick as 
no paint will stand the frequent 
washing required in factories han- 
dling food products. The necessary 
number of such washings may be 
decreased by placing machinery and 
equipment a sufficient distance from 
the wall to prevent spattering. 
With the labor cost such a high 
percentage of the cost of paint, em- 
phasis must once more be placed 
upon the desirability of using not 
only good, but suitable material. 
Cheap paints contain inert, inactive 
and useless material of various sorts 
which cause the surface to break 
down and discolor rapidly. In addi- 
tion, good paint improperly used will 
give poor results. Paints subject to 
fumes of a chemically active nature 
should be of the so-called chemical 
or fume-proof variety which are put 
out by a number of reputable manu- 
facturers. The use of this type of 
paint, however, must not be misun- 
derstood. While fume proof to the 
extent that the paint itself will not 
combine with gases and discolor, 


177 


they are, of course, not proof against 
the accumulation of mechanical coat- 
ings which give the effect of a dis- 
coloration. These coatings can be 
removed by cleaning, whereas anoth- 
er type of paint unsuitable for this 
use would in itself undergo a chem- 
ical transformation so that no 
amount of cleaning would restore its 
original color. 


WIV IT DOES NOT PAY TO USE POOR 
QUALITY PAINT 


As an example of good and prop- 
erly selected paint, I have in mind 
two roof ventilators erected at about 
the same time and subject to the 
same atmospheric conditions. One 
was painted with red lead, the other 
simply with black paint. Since no 
specifications were furnished the 
paint was presumably nothing more 
than lampblack with a binder of 
some sort. Neither ventilator re- 
ceived any further attention. At the 
end of three years the ventilator 
covered by black paint was com- 
pletely rusted and required replac- 
ing. The ventilator which had been 
painted with red lead appeared to be 
in as good condition as when first 
erected. This is rather an extreme 
case perhaps as it involved not only 
the replacement of the paint, but the 
entire replacement of the equipment 
in addition. The cost of the red lead 
over the black paint amounted to 
only a few cents,. The cost of the 
new ventilator was about $45. In 
this connection it might be said that 
the use of the paint gun is one of 
the best methods of painting struc- 
tural steel, the intricate details of 
which are sometimes very difficult to 
reach with a brush. 

The writer has formed rather defi- 
nite opinions as to various brands of 
paint available for interior and ex- 
terior use and is absolutely con- 
vinced there is no better way to 
spend money than on high-quality 
ingredients. There are a large num- 
ber of excellent brands of paint on 
the market and the purchaser can 
make no mistake in purchasing any 
one of these reputable brands. Hand- 
mixed paint, at least in so far as re- 
quired for industrial work, is a 
thing of the past, as it is absolutely 
impossible for a painter to properly 
mix the ingredients on the job by 
hand. Most paint manufacturers 
have a service department which will 
be glad to take up in detail any par- 
ticular problems which may arise. 
This service should be freely used by 
industrial men. 
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COILS THAT ARE diamond 
shaped as well as those consisting of 
straight bars connected by involute 
end connectors are used in turbo- 
generator windings. Both kinds of 
coils are shown in the accompanying 
illustrations together with typical 
winding diagrams showing how the 
coils are connected to form the 
completed winding. 


Methods for 
Taking Data on 


Turbo- 
Generator 
Windings 


Together With a De- 
scription of Single-Layer, 
One-Bar-Per-Slot Wind- 
ings and Two-Layer Lap 
Windings as Used on 
These Machines 


By A. C. ROE 


Renewal Parts Engineering Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


N THE two preceding articles of 
this series we have discussed 
one-coil-per-slot lap and wave 

windings, as well as one-bar-per-slot 
wave windings. In this article, we 
will take up one-bar-per-slot lap 
windings. These are mostly used in 
turbo-generators. Inasmuch as tur- 
bo-generators are also wound two- 
layer in the slot section, we will also 
consider this method of winding. 

Turbo-generators generally use 

diamond-shaped coils, consisting of 
two half-coils, each half-coil being 
composed of one slot section at the 
two ends of which are the end pieces. 
Another type of coil used in the 
smaller turbo-generators uses an in- 
volute end connector. 

Let us first consider a single-layer, 
one-bar-per-slot winding, as applied 
to a two-pole, turbo-generator stator. 
In Fig. 2 is shown the connection 
diagram for a 48-slot, two-pole, 
three-phase stator having 24 coils; 
that is, there are 24 long half-coils 
and 24 short half-coils. The ends 
of the half-coils are placed in two 


layers; that is, the ends of the half- 
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coils having the short slot section 
will underlie the ends of those hav- 
ing the long slot section. The ends 
of the half-coils are joined together 
with clips and soldered and insulated 
as shown in the sketch at the lower 
left of Fig. 2. 

In a lap winding of this type, the 
number of pole-phase groups equals 
the number of poles multiplied by 
the number of phases, which in the 
winding under consideration equals 
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WINDINGS HAVING one 
coil per slot and one bar per 
slot were discussed in the first 
two articles of this series, 
which were published in the 
January and March, 1925, 
issues of INDUSTRIAL ENGI- 
NEER. In this article, Mr. Roe 
takes up one-bar-per-slot 
windings as used in turbo- 
generators and also describes 
and gives the diagrams for 
two-laver windings that are 
often used in these machines. 
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Fig. 1—Showing the method of 
bracing used on a turbo-generator 
winding. 


The end turns are held between 
insulated braces which are bolted 
together and to the stator of the 
machine. This is necessary in order 
to protect the end turns from tor- 


sional strains set up by short-cir- 
cuits that may occur on the ma- 
chine. This illustration shows the 
rear end of the winding, which has 
no group or phase connections. 


i 


2543 6 pole-phase groups. The 
number of coils per pole-phase group 
is equal to one-half the total number 
of half-coils divided by the number 
of pole-phase groups which, for this 
winding, will equal (48-2) —6—4 
coils per group. 

In this type of winding the full 
back pitch must always be odd and 
equal the odd number nearest to the 
quotient of the total number of half- 
coils divided by the number of poles. 
Since there are 48 half-coils and two 
poles and 482 24, the full back 
pitch for the winding will be 23 or 
a pitch of 1-and-24. However, the 
back pitch generally used runs from 
50 to 70 per cent of the full back 
pitch; hence for this winding the 
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back pitch will be 0.50X23=11.5 
or a pitch of l-and-12. 

Let us start the A phase of this 
winding in slot 1, as shown in Fig. 
2. Using a back pitch of 1-and-12, 
the winding will continue from slot 
1 to slot 12 and thence back to slot 
8; then through slot 14 and back to 
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slot 5, from which it goes to slot 16 


and back to slot 7. It then goes to 
slot 18, after which it goes to the 
star point. In going through this 
much of the winding, we have trav- 
eled through a series of four coils, 
which forms a pole-phase group. 

In putting the arrows in this dia- 
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2 Pole, 3-Phase 
2 Parallel Star 
48 Slots, 24Wils 3 


Figs. 2 and 3—Here are the dia- 
grams for a one-bar-per-slot lap 
winding used on a turbo-generator. 


Fig. 2 shows the complete winding 
diagram for this machine. The 
phases are connected to form two 
puce pendent star connections with 
the line ends connected in parallel. 
Fig. 3 shows the line diagram for 
the same winding. In this diagram, 
the pole-phase groups are indicated 
by the arcs M, N. O. P, Q and R. At 
the lower left of Fig. 3 is a simpli- 
fied diagram showing how the 
groups M. N, etc., are connected 
two-parallel-star. 


gram the two-in-and-one-out check 
is used, as has been explained in 
previous articles. In Fig. 2 line 
leads 1 and 2 are taken as going in 
and line lead 3 is taken as coming 
out. This scheme is followed 
throughout this diagram. The ar- 
rows are also inserted in this man- 
ner in Fig. 3, which is a line dia- 
gram for the winding shown in Fig. 
2. In Fig. 3 the pole-phase groups 
are marked M, N, O, P, Q and R. 
The polarity of the pole-phase groups 
can be checked by the two-in-and- 
one-out check. 

In Fig. 8, the beginning and end 


Fig. 4—The manner of making the 
connections between pole- phase 
groups can be clearly discerned in 
this illustration. 


This turbo- generator has a two- 
layer lap winding using diamond- 
shaped coils. Further details of 
the connection scheme for this kind 
of winding are shown in Fig. 6. 
Notice the marking used to lay off 
the winding. Careful inspection 
will show that coils 46, 61, 58, etc., 
are marked with their numbers; 
also the leads are marked 1, 2, 3, etc. 
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* Indicates a specia! 
long front connector 


of each pole-phase group is marked 
with a connection number which 
corresponds to the connection num- 
ber at the beginning and end of each 
pole-phase group in Fig. 2. This is 
done to identify and locate each 
connection. In this type of winding 
‘the connectors are made of bar 
copper bent on edge in a ring shape. 
These rings are supported by brack- 
ets which are fastened to the stator 
frame. Specially-shaped connectors 
are used to make the connection be- 
tween the coils and jumpers; hence 
the need for some means of locating 
each connector with reference to its 
ring and slot. 

At the lower left of Fig. 3 is 
shown the schematic diagram for 
this winding. The pole-phase groups 
in this diagram are lettered to cor- 
respond with those in the main dia- 
gram. Inspection will show that the 
winding is connected two-parallel 
star. However, the pole-phase groups 
are not directly paralleled, but one 
set of three pole-phase groups is 
connected to form one star and the 
other set of three pole-phase groups 
is connected to form the second star. 
The line ends of the two star con- 
nections are then connected in par- 
allel. 

In the second article in this series, 
published in the March, 1925, issue 
of INDUSTRIAL ENGINEER, wave- 
wound, one-bar-per-slot windings 
were discussed. Before considering 
the two-layer, lap-wound, turbo-gen- 
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Figs. 5 and 6—Study of these two 
diagrams will give a clearer under- 
standing of one-bar-per-slot lap 
windings and two-layer, lap-wound, 
turbo-generator windings. 

In Fig. 5 is shown a one-bar-per- 
slot lap winding for a 300-kw., 
two-pole, three-phase, 60-cycle ma- 
chine having 36 slots. Involute 
connectors requiring three ranges 
are used for making the end con- 
nections. The third range, which 
has the extra long bar, is used only 
for making the connections be- 
tween pole-phase groups. The 
phases of the winding are con- 
nected in series-star. Fig. 6 shows 
a two-layer lap winding for a 
2,250-kva., 4,600-volt, two-pole, 
3,600-r.p.m., three-phase. 60-cycle, 
turbo-generator. Thirty-six dia- 
mond-shaped coils, which are made 
up as half-coils, are used in this 
winding. The letters in the dia- 
gram indicate the 17 different sizes 
of connectors and rings that are 
required for making connections 
between coils. 


erator windings, we will digress 
for the moment and take up lap- 
wound, one-bar-per-slot windings 
having involute end connectors. 
With the exception of the end con- 
nectors, this winding is quite sim- 
ilar to the windings that we have 
just considered. ' 

Such a winding is shown in Fig. 
5. The A phase is started at the 
front end of the bar in slot 1, and 
goes through the bar in slot 1, which 
is connected at the rear to the bar in 
slot 16. The back pitch is, therefore, 
l-and-16. The method of making 
the involute end connection between 
bars 1 and 16 and between bars 16 
and 2 is shown at the lower left 
of Fig. 5. The front end of the bar 
in slot 16 is connected to the front 


group. 


end of the bar in slot 2; the rear end 
of this bar is connected to the rear 
end of the bar in slot 17, the front 
end of which is then connected to the 
front end of the bar in slot 3. The 
rear end of the bar in slot 3 is con- 
nected to the rear end of the bar 
in slot 18. It can be readily seen 
that we have gone through a series 
of three coils which started in slot 
1 and ended in slot 18. This series 
of coils constitutes a pole-phase 
It will also be noticed that 
the bars in slots 1, 2 and 3 are long 
bars whereas the bars in slots 16 
and 17 are short bars. The top 
halves of the involute end connect- 
ors connect to the long bars and the 
bottom halves of the involute end 
connectors are connected to the short 
bars. 

It now remains to connect the 
pole-phase group, through which we 
have just traced the winding, with 
the second pole-phase group for this 
phase. Inspection of the diagram 
will show that the bar in slot 18 
must be connected to the bar in slot 
84 by a pitch of one slot more than 
the regular front pitch. The bar in 
front of slot 18 is an extra long bar 
and is connected by means of an in- 
volute end connector to the front end 
of the bar in slot 34. The winding 
continues through the second pole- 
phase group for this phase, through 
slots 34, 19, 35, 20, 86 and 21. The 
front end of the bar in slot 21 is 
connected to the star point. The 
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winding for the B and C phases is 
connected in a like manner, the extra 
long bars falling in slots 24 and 30, 
respectively. 

In taking rewinding data on this 
type of winding, care must be exer- 
cised to mark the slots which con- 
tain the special bars and also the 
slots to which the leads connect. The 
winding data is taken as follows: 


(1) Call any one line lead A.. 

(2) Mark the slot to which the lead 
connects as slot 1. 

(3) Counting clockwise, 
would be as follows: 

(a) The line leads will connect to 
long bars falling in slots 1, 7 and 33. 

(50 The star connectors will con- 
nect to long bars falling in slots 13, 
21 and 27. 

(e) The extra long bars will fall 
in slots 18, 24 and 30. 

(d) The special, long-pitch, in- 
volute end connectors will connect 
together the bars in slots 18 and 34, 
also the bars in slots 24 and 4, and 
the bars in slots 30 and 10. 

(e) 5 with slot 1, the dis- 
tribution of long, extra long and 
short bars will be as follows: 3 L, 
3 S, 3 L, 3 S, 3 L, 2 S, 1 EL, 3 L, 
2 S, 1 EL, 3 L, 2 S, 1 EL, 3 L, 3 S. 
In the above S refers to a short bar, 
L refers to a long bar, and EL re- 
fers to an extra long bar. 

(f) The back pitch will be 1- 
and-16. 

(g) The front pitch will be 1 
and-15. 

(h) The special front pitch used in 
conne ting the extra long bars will 
be 1-and-17. 


By marking the slots and record- 
ing the data as shown, it will be 
found that a wiring diagram will not 
be needed. When marking the core, 


the data 


Figs. 7 and 8—Lap winding for a 
two-phase turbo-generator having 
one bar per slot and using involute 
end connectors. 


Fiz 7 shows the arrangement of 
the bars, the involute end connect- 
ors, and the group jumpers, which 
are the bar rings surrounding the 
winding. Fig. 8 shows the wind- 
ing diagram for this machine. One 
Phase is drawn in heavy lines to 
enable you to check the circuits 
more easily. It will be noticed that 
the machine has 48 slots and bars, 
four poles, six slots per pole per 
phase, and three coils per group. 


mark the teeth on either side of the 
slot that is desired to be located. 
Also, check the line of the center 
lead with the core, that is, the center 
line of the terminal block. The wind- 
ing that we have just discussed gives 
a good appearance and is easy to 
connect and wind. 

A one-bar-per-slot lap winding 
using involute end connectors, as ap- 
plied to a two-phase turbo-generator, 
is shown in.Figs. 7 and 8. Fig. 7 
shows the arrangement of the bars 
and the involute end connectors. 
The group jumpers are the bar rings 
that surround the winding. In the 
winding diagram for this machine, 
which is shown in Fig. 8, one phase 
is drawn in heavy lines to enable 
you to check the circuits more easily. 
It will be noticed that the machine 
has 48 slots and bars, 4 poles, 6 
slots per pole per phase, and 3 poles 
per group. 

We will now take up two-layer 
windings as used in turbo-gener- 
ators. Such windings are lap wound, 


using diamond-shaped coils, each coil 
consisting of two half-coils. In Fig. 4 
is shown the connection end of such 
a winding for a_turbo-generator. 
The circular rings that are made of 
heavy bar copper and encircle the 
end of the winding, are used for 
making the lead and jumper connec- 
tions. The rear end of a turbo-gen- 
erator winding is shown in Fig. 1. 
In both of these figures, notice the 
method of bracing that is used to 
hold the end turns of these large 
coils in place. This bracing is re- 
quired to keep the end turns from 
being twisted in case the machine ix 
short-circuited under load. 

A working diagram for a 2,250- 
kva., 4,600-volt, three-phase, 60-cycle, 
two-pole, 3,600 r.p.m. turbo-gener- 
ator is shown in Fig. 6. This ma- 
chine has 36 slots and 36 coils which 
are two-layer lap wound. In this 
winding, the phases are connected 
series-star, a progressive winding 
being used. Only one full phase 
group is shown connected in the dia- 
gram. However, the line leads, star 
leads, and jumpers are all shown. 

Reference to Figs. 4 and 9 will 
show that the terminals of the ma- 
chine are located at the bottom and 
center of the stator. This location 
is used in the diagram in Fig. 6. 
The vertical center line of the ma- 
chine passes through the center ter- 
minal and between slots 18 and 19 
and slots 86 and 1. 

(Please turn to page 209) 
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Troubles in electrical machinery 
are peculiar unto themselves, for 
in many cases the causes are not 
apparent and only symptoms 


show up. 
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These symptoms call for a com- 
plete and thorough diagnosis not 
unlike that which a physician 
makes in treating his patients. 
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Our friend Ed tells us in this ar- 
ticle how he has handled some 


tough cases. 


Reminiscences of a 
Trouble Shooter for a 
Machinery Builder 


some of the things friend Ed 

told me in a recent interview 
about his job as an inspector for a 
large machinery builder. In this 
article I shall continue our discus- 
sion of the things talked about and 
refer particularly to some troubles 
that Ed brought up because they 
called for some fast thinking, some 
ingenuity, and a lot of common 
sense. I will pick up the thread of 
our conversation at the point where 
it was cut off in the March issue. 

“From your experience as a trou- 
ble shooter, Ed, you must have for- 
mulated some rough-and-ready rules 
on what to do first on a trouble job 
when the symptoms are puzzling and 
do not clearly indicate the cause or 
location of the difficulties. Let's 
have some of those experiences,” I 
suggested. 

“Well, I guess that’s so,” said Ed. 
“But just how to lay down rules of 
procedure is a hard thing to do, for 
’most every trouble is searched out 
by a process of investigation and 
elimination of this or that possibil- 
ity until the vital spot is located. It 
takes experience and a practical 
knowledge of the apparatus you are 
working with to know just what to 
do first. I can probably best illus- 
trate what I mean by some more de- 


IÈ THE March issue, I related 


Sketches from an interview by 
tails of my own experiences on par- 
ticular jobs. 

“Thanks to an old timer, I learned 
two things at the beginning of my 
electrical work that are very often 
true in diagnosing trouble. The 
first axiom of this particular old 
timer was: ‘Remember that 90 per 
cent of electrical trouble is mechan- 
ical.“ His second one was: Be- 
ware of simplicity in looking for 
trouble.’ 

“I really believe that his first 
axiom is generally true, for I have 
often spent much time, and trouble 
and have seen others do the same, 
trying to fathom the intricacies of 
electricity from the fundamentals to 
Steinmetz, only to find the trouble 
in a mechanical area. To cite an in- 
stance, I recall my first erection job. 
It called for the installation of a 
generator (three-phase, 2,300 volts), 
switchboard, and three-phase, 2,300- 
volt transformers to parallel with a 
two-phase 460-volt outfit. I was in- 
structed by the. office to have every- 
thing in readiness for a test run to 
be supervised by an older engineer 
who happened to be in that territory. 
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The heat-run for drying out was 
completed and I was just making 
connections for phasing-out when 
this engineer arrived on the scene. 
He made a number of inquiries and 
we went over the installation in de- 
tail to the point of phasing-out, when 
he asked if I had noted the voltage 
delivered on the low side of the 
transformers for the new job. This 
I had not done, but we brought the 
outfit up to synchronous speed and 
took the most unbelievable readings 
possible to take. I do not recall what 
they were at the present time, but 
an unbalanced condition existed of 
about 150 volts in the phases and 
much more than that between phases. 

“I was distracted and ‘all in’ after 
a fatiguing drying-out run and the 
supervising engineer was also puz- 
zled, to say the least. Between the 
two of us we thoroughly analyzed 
the board, the machine, and the 
transformers, but not a thing was 
found to create a suspicion of the 
trouble. Doubtful questions were 
brought to the attention of the office 
engineers, but this did not help us 
in the least. Here was a prize jinx 
if there ever was one. 

“This engineer had arrived about 
10 o’clock in the morning. About 6 
o'clock that night while making an- 
other examination of the switch- 
board, we discovered after remov- 
ing the short-circuit wire immedi- 
ately above the oil switch, that one 
of the outgoing lines to the trans- 
former had not been reconnected to 
the switch, with the result that the 
transformer was being fed by only 
two wires from the generator. It 
was at this point that I was work- 
ing when he arrived on the job. A 
fatigued body and an excited brain 
account for the oversight that com- 
manded a whole lot of attention for 
over a half-day. All of this brings 
the first, if not both, of Old Timer’s 
axioms to the front. As an indica- 
tion of how the supervising engineer 
felt about the matter, I might re- 
late that he took it good naturedly 
with the exclamation that, ‘The 
drinks are on me.’ Whether or not 
he discovered that I knew at least a 
few electrical terms, or had used this 
as a bribe to keep the account of our 
trouble and his half-day worry from 
other engineers, I do not know, but 
he turned in a very good account 
of the installation.” 

“But,” said I, “not all electrical 
troubles can be traced to mechanical 
faults of operation or construction. 
How about the human errors of over- 
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sight and just natural mistakes in 
following blueprint connections?“ 

Ed thought a minute and then 
said: 

“If a trouble shooter or service 
man keeps the first axiom in mind 
it is very unlikely that the second 
one will bother him, but it has 
tripped me on different occasions and 
it was on one of these occasions that 
a man of little training discovered 
the error. One instance was in con- 
nection with a bad board. This 
board was of the automatic type, 
controlling a large synchronous mo- 
During the course of erection, 
I found the blueprint and the board 
at outs and I was practically at outs 
with both of them. It was a rush 
job. The ever-present officials were 
present accompanied by others from 
district and general offices and it 


was hot and dirty, and everything 


was about as ‘cockeyed’ as it could 
be. 
“It is my plan to wire according to 
the blueprint. If it is wrong I cross 
my bridges when I get to them. If 
it is right, I feel happy. This I had 
done in this particular case and when 
the starting button was pressed I 
expected most anything to happen. 
It did! The most silent board I 
ever saw looked me in the face, as 
did every official, looking more offi- 
cious than ever. I left the juice on 
the board and tried out various re- 
lays which were OK, as individual 
units. This did not help much; so I 
began at the starting button to trace 
out trouble and I can truly say that 
I never did see such a mixed-up out- 
fit. It was during my survey of the 
trouble that the company electrician 
began an investigation and at the 
starting button found a wrong con- 
nection. This button was so de- 
signed that it had two entrances 
with a cross-connection necessary 
for use as a single connector. I had 
passed up that item, due to my 
knowledge of what I could expect 
from such a board as learned in its 
erection. Nevertheless, it is the lit- 
tle item such as this one that is more 
than likely to trip up the service 
man and not the practical chap who 
cannot see beyond points close to 
his nose. This is no reflection on 
these chaps, for the great majority 
are the best of fellows.” 

“Now, here’s a touchy point, Ed, 
that comes to my mind in connec- 
tion with these mechanical troubles, 
on which I should like to get your 
comments. In running down trou- 
bles charged to the equipment made 
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by your company, you must have 
bumped into troubles in other makes 
of equipment used with yours that 
were either the real or a contribut- 


ing cause of the trouble you were 


called to remedy. In such a case 
just how do you proceed?“ 

Such cases come up frequently,” 
was Ed's reply. Such a mechan- 
ical trouble comes to mind in con- 
nection with a new installation for 


a large manufacturer who had in- 


stalled an automatic station for 
charging batteries in his fleet of 
trucks. This firm had purchased an 
automatic board from a reputable 
manufacturer and a motor-generator 
set from our firm. 

“The switchboard was erected by 
the customer, and when it came time 
to test them out, there was no serv- 
ice—rather, I should say, there was 
peculiar service. The motor would 
at times attempt to start and the 
board would attempt to function, but 
on only one occasion out of numer- 
ous attempts did both of them func- 
tion correctly and then the service 
was of very short duration, for the 
motor stopped. Further attempts 
were useless. The switchboard men 
claimed their product was OK, and 
blamed the motor. 

“The above information on the 
case was given to me on my arrival. 
A talk with the switchboard men 
disclosed the fact that they evidently 
knew their board and it was correct 
as far as they could tell from the 
blueprint and their experience. I 
made a casual inspection of the mo- 
tor and generator, but nothing ap- 
peared out of the ordinary. Fur- 
ther starting attempts were made 
and we were fortunate in getting an 
attempt to work, with the usual stop. 
This was sufficient to form an idea 
in my mind, from what had been 
related and the short observation I 
had made, that we were enjoying a 
loose contact somewhere on the d. c. 
end of the motor-generator set or 
the connections of this set to the 
switchboard. Tests were made and 
a loose connection was found in the 
shunt field. The wire was in its 
keeper, but the retaining screw had 
never been tightened at the factory. 
Paint from the spray gun had lodged 
in the opening, serving to insulate it, 
with the result that no excitation 
was apparent at the switchboard for 
the operation of the board. 

“Here is another mechanical ail- 
ment which has to do with a manu— 
facturer and his apparent trouble 
with a small auxiliary generating set. 
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This set operated from the time the 
works closed at night until work was 
resumed in the morning, during 
Sundays, holidays, etc. It served to 
keep the sprinkling system from 
freezing, to provide night lights, and 
to operate the machine shop air com- 
pressor and other auxiliaries which 
included a number of fans. The 
generator rating for this output was 
barely. enough to handle the load, 
but according to the manufacturer it 
would do so. Various load tests on 
individual units and circuits were 
made and the outfit behaved badly. 
As a matter of fact, it would be un- 
safe to leave this large woodworking 
plant to depend on this outfit to keep 
its heaters in proper service in the 
event of extremely cold weather. 

“Load tests brought us to the out- 
put test and we soon found the trou- 
ble to be insufficient steam pressure 
to develop the full power of the 
prime mover. The pulley was too 
small, with a correspondingly small 
belt to transmit the power, with un- 
necessary apparatus on the pulley 
shaft resulting in too much friction: 
load. To end this incident a larger 
set was recommended.” . 

“Another kind of trouble,” I re- 
marked, “that seems to me you have 
to handle more as a diplomat than as 
a trouble shooter, are those cases 
where the operators are sure that 
the troubles are not due to changes 
or repairs that they have made. Tell 
me how you have handled some such 
situations.” 

“A very frequent trouble of this 
nature has to do with interpoles,” 
Ed replied. “Wrong connections are 
easily discovered on ‘the test floor 
of the manufacturer and are quickly 
corrected. But many times the cus- 
tomer desires to make changes in 
his machines to take care of some 
particular operation of his own and, 
as a consequence, changes his motor 
to suit the requirements. The re- 
sults are like the situation present- 
ed to me last fall. After such a 
change was made, the usual trouble 
of reversed interpoles presented it- 
self and efforts were made by the 
electricians to correct it, with unsat- 
isfactory results. Correspondence 
with the manufacturer followed, but 
the trouble persisted and it was 
finally decided to call in the service 
man. The plant men insisted that 
they had done everything to correct 
the trouble, and from their explana- 
tion it seemed as if they were right. 

“An investigation, however, showed 
that they had merely changed the 
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connections of the-interpoles and 
had not reversed them. The simple 
test to discover the facts for this 
motor was to run it as a series motor 
and note the rotation. This had to 
be done with care as excessive speed 
is only a matter of a few seconds. 
The series connections were then re- 
moved and it was tried out as a 
shunt motor, in which case the direc- 
tion of rotation must agree with that 
of the series connection. If it does 
not agree, reverse the connections 
until it does agree. Then connect as 
a compound interpole motor and 
check the polarity of the interpoles 
with a compass or with a piece of 
iron. The relation of the interpoles 
to the main poles in a motor of 
clockwise rotation is such that when 
the main pole corresponding to 12 
o’clock agrees with the interpole cor- 
responding to 1 o’clock, the connec- 
tion is correct. If it does not, the 
connection must be reversed and to 
reverse this connection means revers- 
ing the interpole connection. The 
interpole connection is usually made 
permanent in the factory and is in- 
side the motor. To make the change 
usually requires unsoldering this 
connection and making a new connec- 
tion with the proper change. 

“In order to simplify the relation- 
ship of interpoles to the main poles, 
I present here a diagram from my 
notes which is well worth the trou- 
ble of preserving. Acknowledgment 
is made to the author, D. H. Bray- 


mer, for the use of this diagram, 


which appears in his book ‘Armature 
Winding and Motor Repair.’ 

“The foregoing has been a hasty 
review of difficulties that may arise 
from what may be termed ‘mechan- 
ical troubles.’ It has been my prac- 
tice to look for mechanical troubles 
first, for most of us are prone to 
consider all troubles with electrical 
apparatus as purely electrical and we 
make a big noise trying to make a 
mountain out of a molehill. Any- 
way, it is an idea well worth trying.” 

“Now that you have proved your 
point about these mechanical trou- 
bles, tell me, Ed, about some of those 
sneaking electrical troubles that act 
like fleas; that is, just when you 
think you’ve caught them, they’ve 
hopped to another place.” 

Ed got this point and came back 
with the following experience: 

“T recall such an instance involv- 
ing a constant-current transformer 
which gave us much concern when I 
was in a power house. This trans- 
former was made by a well-known 
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manufacturer and rated at 25 kw. 
It was connected to a street light- 
ing circuit of 12 kw. and used to get 
so hot that its operation was hazard- 
ous from our point of view and we 
shut it down. This happened a cou- 
ple of times and we finally tore it 
down to see whether or not any 
packing was left in the case or the 
operating mechanism damaged in 
any way, but such was not the case. 
As this was one of the plants under 
my jurisdiction J requested one more 
trial, but got no better results. and 
the matter was called to the knowl- 
edge of my superiors. 

“With the operating engineer and 
the maintenance chief directing a 
test, we found the output to be 
slightly over 12 kw. and the input 
nearly 21 kw., the loss being 8.64 
kw. There was no plausible expla- 
nation of this. Accordingly a serv- 
ice man was called and he said the 
transformer was OK after he had 
given it a complete test. He also 
ascribed its action to aging of the 
iron with the explanation that this 
was the usual case under existing 
conditions. Somehow or other I 
was still skeptical of this proposi- 
tion, but we put it in service and 


Polarity of interpoles with relation 
to main poles for direction of rota- 
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left it in service. It finally got tired 
of getting all ‘het up’ about having 
to work every night and as far as 
I know gave us no further trouble. 

“Commutators are sometimes a 
source of trouble and a good place 
to get into trouble is during repair 
and in the after-effects. It is of 
the latter that I will speak, referring 
to a large commutator that was re- 
paired in the field. Commutators 
have an ‘aging’ process of their own 
which is completed before they leave 
the factory and if it is at all prac- 
ticable they should be repaired in 
the factory. 

“This particular commutator was 
repaired and immediately put in 
service because the customer needed 
his machine badly. He was told that 
the commutator would require fur- 
ther treatment before it would be in 
good condition, for it was a ‘green’ 
commutator. So far so good, but it 
was only a matter of time until the 
customer wrote a very uncompli- 
mentary letter to the manufacturer 
about his products and his service 
men, due to the fact that he had not 
taken care of his machine during the 
seasoning process. After this ma- 
chine had been in service long 
enough to heat the commutator thor- 
oughly, it should have been shut 
down periodically and the commuta- 
tor checked, nuts tightened, etc., 
with special attention given to the 
mica insulation. This would have 
given him a good commutator with 
no further repairs and no reason to 
berate the manufacturer and his 
service men. 

“Heating of the commutator for 
Seasoning is accomplished in various 
ways, such as wrapping it with as- 
bestos and using a heating element, 
actual service, and by using wooden 
brushes. Circumstances make one or 
the other of these methods applicable 
to a particular case, but I have found 
that where it is possible to econom- 
ically operate a machine without 
load, that the last method is the 
best. It consists of making brushes 
of hard wood the same size as the 
regular brush, placing them in the 
brush holder under high tension and 
running the machine. This method 
has the advantage of seasoning a 
commutator under conditions of ac- 
tual operation, especially as regards 
centrifugal force. It also presents 
an exaggerated idea of brush loss. 

“While on the subject of commu- 
tators I might say that the grinding 
in of brushes on a large commutator 

(Please turn to page 212) 
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HEN one wire of a poly- 
. phase circuit is interrupted, 
by the blowing of a fuse or 


otherwise, the motor will continue 
to operate. The speed will drop per- 
haps one or two per cent, depending 
on how heavily the motor is loaded. 
This is a barely perceptible amount. 
The slight change in humming is not 
distinguishable through the other 
noises in an industrial plant; so the 
operator keeps on using the motor, 
and does not know that any change 
has taken place. 

Although the motor will continue 
to run single phase, if it is already 
running when the circuit is broken, 
it will not start single phase. When 
an attempt is made to start the 
motor after it has been shut down, 
it will hum but will not start. The 
operator then knows that something 
is wrong and the trouble will be 
found and remedied. However, with 
many present-day, “across-the-line”’ 
starters, the starting position of the 
handle short circuits the fuses that 
protect the motor, in order that the 
starting-rush may not blow them. 
If one of these fuses has blown, it 
will be shorted out during starting, 
and the motor will start normally on 
all three phases. When the handle 
is thrown to “run” the fuses are 
placed in circuit, and the motor runs 
single phase. With a starter of this 
type, the motor might be used indef- 
initely with one fuse blown, and the 
operator be unconscious of the fact. 

Assume that a three-phase motor 
is carrying its full rated load. Then, 
during three-phase operation it will 
draw its rated current. Running 
single phase, it will be carrying the 
same load. Therefore, it must draw 
the same total power. This will re- 
quire a current that is slightly more 
than 1.73 times as large as before. 


This may be sufficient to blow 
the remaining fuses. If it does, the 
situation is cared for. But quite 
often the fuses are heavy enough to 
permit of momentary overloads on 
the motor, which is quite allowable, 
and this current will not blow them. 
Then what happens in the motor? 
This depends on whether the motor 
is connected star or delta. 

If the motor is star connected, as 
is shown in diagram X, the windings 
of one phase will be carrying no 
current, and the windings of the 
other two phases will be carrying 
1.73 times normal current. If this 
continues, eventually these windings 
will overheat and burn out. 

If the load is less than full load, 
all these currents will be cut down 
proportionally. If the load is 58 per 
cent of normal full load, the star- 
connected motor will have normal 
line current and normal winding 


These diagrams show the amount 
of overload placed on windings of 
three-phase motors that are operat- 
ing single phase. 

In the star-connected motor shown 
in diagram X. no current flows 
through the line wire A; hence 
phase winding A carries no current. 
Phase windings B and C, however, 
carry 1.73 times normal load. In 
diagram Y, a delta- connected motor 
operating under the same conditions 
Will have normal current in the 
phase windings AB and AC, but 
twice normal current in the phase 
winding BC. These facts are also 
shown in the data piven in the 


accompanying table. 
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WHAT HAPPENS when a 
fuse blows in one wire of a 
three-wire line feeding a three- 
phase induction motor? When 
one wire is interrupted, by a 
blown fuse or otherwise, the 
motor will continue to run, 
single phase. This occur- 


rence is the cause of a large 
proportion of industrial motor 


failures, or “burn outs,” and 
the answer to the above ques- 
tion is of great importance to 
every plant engineer. In this 
article Mr. Hall and Mr. War- 
ner tell just what changes take 
place in the load placed on 
the windings of both star- and 
delta-connected motors and 
also give methods of protect- 
ing motors against damage 
from such causes. 


current, and be able to operate in- 
definitely without overheating. 

If we had fuses or other protective 
devices in the line which would just 
carry normal current, and would 
blow if that value were exceeded, 
the star-connected motor would be 
safe against damage due to single- 
phase operation. 

If the motor is delta connected, 
as is shown in diagram Y, the line 
current will be the same as in the 
previous case; that is, there will be 
no current in the interrupted line 
and 1.73 times normal current in 
the other two lines. But this cur- 
rent will divide between two internal 
paths in inverse ratio to their 
impedances, so that one-third of this 
current will pass through two wind- 
ings, and two-thirds will pass 
through the third winding, that is, 
A of 1.73 = 0.58 or 58 per cent of 
normal current will pass through 
two of the phase windings while 24 
of 1.73—1.16 or 116 per cent of nor- 
mal current will pass through the 
third phase winding. 

Normal current for these windings 
is 58 per cent of the normal line 
current; therefore, the two lightly- 
loaded windings will be carrying 
their normal, full-load current, but 
the winding across the active phase 
will be carrying twice its normal 
current. This is a worse condition 
than in the star-connected motor; 
so the delta-connected motor will be 
even more likely to burn out. 

In the delta-connected motor, if 
the load is 58 per cent of normal 
full load, the line current will be 
normal, but the current in the active 
phase winding is 1.16 times normal 
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Test Data Showing Effect of 
Single-Phase Operation on a Three-Phase Motor 


LINR VOLTAGE 


winding current. The corresponding 
heating is 1.33 times normal in the 
active phase. Hence fuses which 
just carry normal current and no 
more do not fully protect the delta- 
connected motor against overload 
due to single-phase operation. We 
may have a 16 per cent overload in 
one phase with only normal current 
over the line. 

These facts are borne out experi- 
mentally by the data given in the 
accompanying table. These data 
were taken on a delta-connected 
motor, which had special leads 
brought out from the windings 80 
that current readings could be 
taken in the phase windings as well 
as in the lines supplying the motor. 
The first line of the table gives the 
relation existing between the line 


These devices were especially de- 
signed to protect against single 
phase operation of polyphase 
motors regardless of the amount 
of load carried. 


There are some applications where it 
is necessary to protect against single 
phasing for reasons other than over- 
load. For instance, in some machines, 
weaving certain kinds of cloth, it has 
been found that the difference in speed 
between three phase and single phase 
is sufficient to cause a difference in the 
texture of the material. The devices 
shown below are intended to shut down 
the motors whenever single phasing 
occurs, no matter what load is on the 
motor. At A is shown a phase-failure 
and phase-reverse relay made by the 
Cutler-Hammer Mfg. Company of Mil- 
waukee, Wis. This relay is intended 
to give protection to equipment in case 
of phase-fatlure hile running, of 
phase-reversal, or in case of a dead 
phase when starting. At B is shown 
the open-phase and phase-reversal re- 
lay made by the General Electric Com- 
pany. It is said that this relay will 
not trip on balanced overloads but 
will trip on unbalanced overloads, such 
as caused by single phasing, or on 
phase reversal. At C is shown a multi- 
phase, time-limit renewable fuse made 
Dy the Federal Electric Company of 
Chicago, Ill. This has a powder-packed. 
time-limit, renewable fuse in which 18 
placed a small heat coil. the terminals 
of which are on the side of the fuse. 
These auxiliary terminals are connected 
to the line and load ends of an adjacent 
fuse. In case the adjacent fuse 1s 
blown, the open-phase voltage across 
the blown fuse is impressed on the 
heat elements of the first fuse. The 
heat element melts the fuse and then 
melts itself, thus making two breaks 
in the circuit and shutting down the 
motor. Likewise, the remaining fuse 18 
blown if the motor is three phase. The 
extra connections required by this fuse 
may be made by external wiring. or 
by the use of a special fuse block as 
is shown in the safety switch at E. 
In this case, a back- connected. auxillarv 
contact fuse is used, as shown at P. 


Ling Current | Poase CURRENT 


| 


A L INpuctT’s 
AVERAGE LINE | Moron 


Output 


TORQUE 


1.746 39.7 |13,500 
1.738 73.0 14.700 
1.763 | 39.9 | 6,650 
1'755| 49.7 | 9,200 
1.768 | 24.7 | 4.950 


voltages, line currents, and phase 
currents, when the motor is under 
normal operation. As will be noticed 
the three line voltages, AB, BC and 
CA (these letters are same as in 
diagram Y) are equal and the cur- 
rents in the three lines are approxi- 
mately equal. This is also true of 
the phase currents; that is, the cur- 
rents in the phase windings (legs of 
the delta) are approximately equal. 
In the next four lines of the table 
the relations are shown that exist 


when the current through the A line 


wire is interrupted. As can be seen 
the motor maintains the voltages be- 
tween the lines A and B (AB in 
table). The motor load in watts and 
in lb-ft. torque is given in the last 
two columns of the table. 

In line 2 of the table the motor is 
carrying full load torque. The line 
current is a little more than 1.73 
times normal. The currents in wind- 
ings AB and CA are nearly normal. 
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But the current in BC is twice nor- 
mal. 

In line 3 of the table the torque 
is reduced until the motor is draw- 
ing full load line current. This load 
would not operate any fuses or over- 
load relays rated at full-load motor 
line current. Yet the current in 
winding BC is more than 16 per cent 
above normal. 

Line 4 of the table shows an inter- 
mediate load between lines 2 and 3. 
Line 5 shows the load which gives 
normal current in winding BC. This 
is the maximum load with which the 
motor can operate single phase with- 
out carrying an overload. But no- 
tice that this draws less than normal 
line current. 

For a two-phase induction motor 
operating single phase the current 
in the active phase is double the 
value with the same load under nor- 
mal two-phase operation. Overload 
protection should protect this motor 
from damage. 

How can we protect a motor 
against damage due to single-phase 
operation? 

(1) Do not over-fuse. However, 
our fuses must be heavy enough to 
take care of momentary overloads. 
If we could set our fuses to blow 
with any excess over full-load cur- 
rent, a star-connected motor would 
be fully protected. A delta-connected 
motor would still have 16 per cent 
excess current in one winding. But 
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we do not usually fuse as closely and 
accurately as this. 

(2) Use protective devices that 
open all three lines together. Most 
compensators have overload trips 
that do this. 
starters for small motors do not, but 
some give such protection. 


Many across-the-line | 
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If we have thermal relays for pro- 
tection, it is possible to set them 
for exactly full load, for they pro- 
vide plenty of time interval for per- 


‘missible overloads. 


These really protect a star-con- 
nected motor from damage due tc 
single-phase operation, and permit 


Thermal relays depend upon the 
heat developed by the motor line 
current for operating their trip- 
ping mechanism. 


In consequence, a time delay in tripping 
is obtained which is based upon the 
amount of overload current doing the 
heating and upon the time required for 
the thermal elements to be heated by 
this current. At 4, the Type TR 
thermal relay made by the Automatic 
Reclosing Circuit Breaker Co., of 
Columbus, Ohio, is shown mounted on 
the frame of a motor. At the bottom 
of the sectional view of the rela 
shown in B is a liquid-filled bulb, whic 
rests against the stator laminations. 
Excessive heat from the stator lamina- 
tions volatilizes the liquid, which causes 
the copper bellows above the bulb to 
rise and operate the switch at the 
top of the relay. This device is said 
to protect against both overloading 
and Mingle phasing inasmuch as it func- 
tions directly from the heat developed 
in the motor. C is an across-the-line 
starter, made by The Rowan Con- 
troller Co., of Baltimore, Md. Inside 
of the flashguards and directly over 
the blowout coils is a bimetallic strip 
which is acted upon by the heat de- 
veloped by the motor line current in 
the blowout coils. Overloading of the 


motor causes this thermal relay to open 
the starter, thus stopping the motor. 
In the lower left-hand corner of D is 
shown the thermal relay used by the 
General Electric Co., in its across-the- 
line starter. Two heating elements 
connected in separate phases transmit 
to two thermostatic strips a heating 
effect that is in proportion to the load 
current passing through the heating ele- 
ments. Load currents above normal 
cause the thermostatic strips to deflect 
and trip the motor off the line. F is 
a compensator made by the Electric 
Controller & Mfg. Co., of Cleveland, 
Ohio. An expansion wire located at 
the top of the compensator is used to 
provide overload and single-phase pro- 
tection. This wire expands under 
the heat develo in it by the load 
current. F is the Thermaload starter 
made by the Monitor Controller Co., 
of Baltimore, Md. At the extreme right 
is shown the ermal relay which 1s 
used for protection inst single phas- 
ing and overloads. ine current from 
two phases is carried through two 
thermal elements. Each of these ele- 
ments is enclosed in an expansion tube 
which absorbs the heat generated in 
its unit. Line current greater than 
normal generates sufficient heat to 
cause the expansion tube to expand 
until a control contact is broken. thus 
stopping the motor. 


— ee 


: 
F 
— 


s — 


187 


only the 16 per cent excess - current 
in a delta- connected motor. This 
amount of current is not sufficient to 
damage the motor provided the 
motor were not exposed to excess ive 
external heat. But they must be 
properly installed and adjusted. 

(3) There are relays on the mar- 
ket designed specifically to protect 
a motor from single-phase operation. 
These are additional devices and do 
not protect against overload. 

(4) There is also a simple fuse 
combination on the market that is so 
arranged that in case one fuse of a 
set of three fuses blows, another one 
of the three will immediately blow, 
thus shutting down the motor. This 
device thus protects against both 
overload and single-phase operation. 

(5) There is also a thermal relay 
which can be attached to the motor 
and in contact with the stator lami- 
nations. This relay is said to func- 
tion directly from the heat of the 
motor and therefore is claimed to 
protect the motor from overloads 
by single phasing or otherwise. 

(Please turn to page 207) 
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N PLANNING changes 

or alterations in pro- 
duction conditions, it fre- 
quently happens that the 
proposed change is not in- 
vestigated thoroughly from 
the standpoint of all of the effects which may be pro- 
duced if the change is adopted. One of the points which 
is frequently neglected is carrying through a full and 
complete investigation of the equipment which would 
be available for the service proposed. A striking ex- 
ample of this was in the construction of a building in 
which it had been planned to use a number of industrial 
electric trucks and tractors. The building plan, as or- 
iginally laid out, was such that this equipment could 
have operated satisfactorily. However, during the 
period of construction, it was decided to change the 
plan somewhat and build a long ramp at a steep grade. 
Later, when manufacturers of trucks were called upon 
for an estimate, it was found that the grade of the 
ramp was steeper than trucks can ordinarily operate 
on. At that late time, it was impossible to change the 
building construction, so it was necessary to persuade a 
manufacturer to make alterations in his design to take 
care of this extra duty. Usually such makeshifts are 
not only not satisfactory, but they do not operate at the 
high efficiency under which standard, carefully-designed 
equipment can operate. 


Plans Are Not 


Finished Until 


Results Are Known 


HERE seems to be no 

question that all induc- 
tion motor windings can be 
satisfactorily braced to 
stand the mechanical effect 
of full voltage starting; is 
the conclusion reached by J. L. Rylander in a paper read 
before the mid-winter convention of the American Insti- 
tute of Electrical Engineers. 

At the present time ,across-the-line starting is quite 
common on motors up to 15 hp. Extension of this 
method of starting to the larger sizes of motors means 
more to the industrial user, however, than merely 
securing motors with better coil bracings. The indus- 


Full Voltage 
Starting of 
Larger Motors 
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trial motor operator must consider the strength of the 
machine driven by the motor, the character of the 
starting cycle required by this machine, whether the 
high-inertia starting load of the machine will result 
in belts slipping during starting thereby burning the 
belting, whether backlash in the gearing is going to 
result in broken gears, and whether excessive stresses 
will be put on other mechanical forms of power trans- 
mission between the motors and the machines driven 


by them. 


He must also consider the effect of larger starting 
current on the feeders and whether or not this larger 
current is going to affect seriously the voltage regula- 
tion of these feeders. If he is a user of central station 
power he must consider the attitude of the central 
station toward drawing momentary heavy starting cur- 
rents from their lines. 

Full-voltage starting of squirrel-cage induction 
motors will greatly simplify the control equipment 
required and the attendance needed during starting of 
motors at the beginning of a run, or after a power fail- 
ure. However, before putting in this type of control 
and the motor required with it on the larger drive units 
in the plant, careful consideration should be given to 
all of the factors involved, to make sure that the appli- 
cation is correct from both operating and maintenance 
standpoints. 


VERY now and then 

we hear an executive 
in an industrial plant say 
something to the effect 
that his inventory of spare 
parts required for repair 
and maintenance work is too high, and that he can’t 
afford to pay interest on such a lot of capital for sup- 
plies that lie idle until emergency causes them to be 
withdrawn from the storerooms. 

Such an argument is very similar to the one that a 
company can afford to carry its own fire insurance 
risks. If the building construction is absolutely fire- 
proof and no combustible material is housed in it, that 
may be so, but this is far from the conditions in the 
average manufacturing establishment and one good fire 
can quickly wipe out enough investment to cover fire 
insurance premiums for a long period of time. Just so 
it is in providing spare parts for natural wear and tear 
and possible emergencies that will stop production and 
disarrange department schedules. Here we have a 
practical example of that familiar jingle, For the 
want of a nail the shoe was lost; for the want of a 
shoe the horse was lost; for the want of a horse the 
general was lost; and for the want of a general, the 
battle was lost—all for the want of a horseshoe nail.“ 

Suppose $50,000 is invested in spare repair parts and 
that the interest and carrying charges run as high as 
15 per cent. This will represent $7,500 a year as the 
cost of repair insurance. Unless the plant is in a large 
city close to adequate stocks of materials, who can say 
that two serious breakdowns might not cost several 
times this figure in a single year if the needed repair 
parts were not available? Then, too, when these stocks 
are available and repairs are made while they are small. 
so that there are no serious and expensive breakdowns, 
in how many cases is credit given to the foresight and 


Spare Part Stocks 


as Breakdown 
Insurance 
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good judgment of those in charge of repairs and main- 
tenance for the wise and intelligent use of this invest- 
ment, which on the books of the company appears to be 
a useless investment that might very well be done away 
with? 

An accurate answer to this question will in most in- 
stances show a total ignorance of the possible savings 
that an experienced maintenance man can work out, 
and indicate that in too many cases his salary is based 
upon the number of hours he works and not on the 
actual earnings that he can show when $50,000 worth 
of spare parts and units are at his command to use 
when and where needed in a medium-sized works. The 
problem in inventory of these spare parts is not the 
total money they represent, but how effectively they are 
used in a definite program of continuous repair and 
maintenance work to keep up with natural wear and 
tear and forestall possible breakdowns. Adequate 
spare parts are just as essential as adequate stocks of 
raw materials, because the consumption of raw mate- 
rials in and through machines has a definite bearing on 
the consumption of repair parts. No human being has 
yet found the way to eliminate natural wear and tear on 
rotating or reciprocating parts under constant or ex- 
cessive loads, be these parts in mechanical or electrical 
machinery. 


— 


N VIEW of the ques- 

tions relating to the 
installation of electrical 
equipment which are some- 
times asked by practical 
men, there is reason for 
wondering if these men are as familiar as they should 
be with the requirements of the National: Electrical 
Code. Anyone who has to do with the installation of 
wiring or equipment and does not make constant use 
of this little book is overlooking a very good source of 
information. 

It should hardly be necessary to say that the Code, 
as it is familiarly called, is the boiled-down essence of 
safe practice. The regulations which it sets forth are 
the results of many years of experience with electrical 
installations of every character, viewed from every 
angle. As a reference work, it contains the answer to 
practically any question that may come up in the in- 
stallation of any kind of power equipment that is driven 
by, or makes other use of, electrical energy. 

In these statements there is no intention to imply 
that the Code is a perfect and finished work. The fact 
that it is revised from time to time, to meet new condi- 
tions or needs, shows that it is, however, a live docu- 
ment—not a set of obsolete regulations, perhaps good 
in theory but unworkable in practice. You may not see 
the reasoh for some of the requirements, and you may 
not agree with them. Regardless of the merits of this 
situation, you can not go wrong in obeying them. Other- 
wise, there is always the very good chance that 
mistakes which are costly in both time and money, will 
be made. 

If you do not have a copy of the Code, get one and 
become thoroughly familiar with the subjects covered. 
Therein you will find the answers to many a puzzling 
question as to what is the required practice and safe 
procedure under given conditions. 


Give the Code a 
Chance to Answer 
Your Questions 
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RE we justified in 
changing complete mo- 
tors rather than armatures 
or field coils, as the case 
may be, when motors fail 
in steel mill service, was 
the question discussed by A. C. Cummings, Superin- 
tendent of Electrical Department, Carnegie Steel 
Company, Duquesne, Pa., before a recent meeting of 
the Association of Iron & Steel Electrical Engineers. 
He directed attention to the following points in favor 
of this practice: 


Should the Entire 


Motor or Only a 
Part Be Changed? 


(1) The repair shop personnel is usually a higher-paid 
and more intelligent class of men than those occupying mill 
maintenance positions. They, therefore, have more inter- 
est in making a thorough job of repairs than the mill men. 

(2) Repairs made in the field, with a piece of apparatus 

shut down, are always made under rush conditions, and 
the care necessary to make a thoroughly workman-like 
job in every particular cannot be exercised when the men 
are being rushed to get the equipment going as soon as 
ossible. 
(3) Armatures and field coils stored around the mill 
to be installed in the motors in case of failure, usually are 
damaged in handling before they are actually installed for 
service, and for this reason do not perform as well as antici- 
pated. If the complete motor is repaired and assembled 
in the shop and sent out on the job as a unit, there is 
little likelihood of damage due to careless handling. 


It was pointed out that in most cases a complete 
motor can be substituted without an increase in the 
time lost in making the change, or in the amount of 
money invested in spare parts. Even if there were 
an increase in the amount of money so invested, it 
would be more than offset by the decrease in delays 
and maintenance cost. On the other hand, if this 
practice is to be followed, it is very important that 
facilities be provided to do this work with as much 
convenience and dispatch as possible. During the past 
several years there has been a tendency toward increas- 
ing size and capacity of mill machinery and mill parts, 
with a corresponding tendency toward an increase in 
the size of motor equipment used. The average motor 
size, therefore, is gradually increasing. This is par- 
ticularly true of motors used on overhead travelling 
cranes. 

While the discussion of this question is based on a 
background of steel mill experience, still the practice 
is worthy of consideration in any industry where it is 
necessary to keep power service interruptions to a 
minimum. | 

In the last analysis the question must be decided 
on the local conditions in your own plant. Factors that 
should be considered are: Number of types and sizes 
of motors in the plant (in the older plants, providing 
complete spare motors for the very old motors may be 
a serious factor); additional facilities that might be 
required for changing the larger motors with dispatch; 
possible decreased cost of shop repairs as compared to 
field repairs, together with the probability of longer 
life; the possibility of using less skilled men for 
changing complete motors than is required for chang- 
ing parts of a motor; and the satisfaction of knowing 
that when a complete motor is substituted it will be in 
first-class condition, as compared to the chance that 
only a part of the motor will be in first-class condition 
when only a part of it has been changed. 

This bet should not be overlooked, if reduction of 
your motor maintenance cost is one of your worries. 
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Questions Asked * 
and Answered 


by Readers 
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Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
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Who Can Answer 
These? 


Coat of Changing Two-Phase Motors to 
Three-phase—The local power com- 
pany is planning on changing its sys- 
tem from two phase to three phase. 
This will involve a corresponding 
change in a large number of motors 
ranging from 5 hp. to 50 hp. I should 
like to know if there will be any loss 
of efficiency in the motors as the re- 
sult of this change. Also, please tell 
me the general procedure involved in 
changing motors from two phase to 
three phase, what troubles are likely 
to be encountered and about what the 
cost per motor or per horsepower will 


e. 
Fort Smith, Ark. V. L. H. 


Connecting Commutator Leads of G. E. 
26-Cycle Desk Fan Armatures— WiIII 
some reader please tell me the gen- 
eral layout of the coils and how the 
top and bottom leads are connected to 
the commutators of G. E., Type AOU, 
Form V2, 265-cycle desk fan arma- 
tures? I have rewound two different 
armatures without much success, for 
when the fan is connected across the 
line the armature rotates only very 
slowly, with the fan removed. 
Phoenix, Ariz. F. R. 8. 


Connecting Lineshaft Directly to Motor 
—We wish to connect a lineshaft ap- 
proximately 100 ft. long directly to a 
5O-hp., 870-r.p.m. motor. The lineshaft 
can if necessary be supported from 
the ceiling. but we should prefer to 
mount it on top or at the side of heavy 
wooden or concrete posts. This de- 
partment is on the ground floor and 
there is no basement underneath the 
building. I should like to know (1) if 
it is practicable to drive a lneshaft 
at this speed. (2) Would it be bet- 
ter to support the lineshaft on the 
top. or at the sides of the posts? (3) 
Is there likely to be excessive vibra- 
tion? If so, how can it be overcome? 
(4) What kind of bearings should we 
use? Your advice will be greatly ap- 
preciated. 

St. Louis, Mo. B. G. S. 


How Can Thin Motor Be Kept From 
Humming ?—Can someone tell me how 
T can eliminate the magnetic hum of 
a 30-hp., shunt-wound, four-pole, 400- 
1.000-r. p. m. interpole motor? This hum 
is so loud that it can be heard all over 
a large department store. The fol- 
lowing remedies have been tried: (1) 
Laminated pole shoes supplied with 
motor were changed for similar shoes 
of sturdier construction. The lamina- 
tions in the new shoes were put to- 
gether under pressure, riveted with 
bakelite varnish between them and 
baked. This did not stop the noise. 
(2) The air gap was increased. This 
helped somewhat, but caused circuit 
breaker to open. (3) Cast pole shoes 
were used, with no noticeable effect. 
(4) Skewed laminated pole shoes were 
tried, with no better results. (5) Used 
pole pieces with wider air gaps on 
tips. No results. (6) Magnetic wedges 
were used in armature slots. These 
helped somewhat. (7) Disconnecting 


interpoles had no effect. Before the 
magnetic wedges were tried, if full 
field strength was applied and the 
armature turned slowly by hand, with 
the brushes lifted up, it had a ten- 
dency to lock at several points. If ro- 
tated faster it would growl. Magnetic 
wedges almost removed this effect. 
Two e per slot were used, each 
1/16 in. ante and insulated from each 


OK. 
New York, N. Y. 


Rewinding Armature Increased Speed— 
I recently rewound the armature of 
a 100-hp., four-pole, shunt-wound, 
Northern motor and wish someone 
would tell me what is the matter with 
it. This armature had 110 bars and 
55 slots and was wave-wound, with 
one dead coil and one half-idle bar. 
The coil pitch was l-and-13 and the 
commutator pitch l-and-56. When we 
rewound it one bar was taken out, 
which left 109 bars and one dead coil. 
I am not sure whether the commutator 
pitch was l-and-56 or l-and-55. When 
the armature was put back in the 
motor it ran at about 1,600 r.p.m., the 
commutator got hot and the bands 
threw solder, although the controller 
was on only the third point. I exam- 
ined the fleld connections and took the 
voltage drop across each field coil; 
everything tested out OK. As a fur- 
ther check, a spare armature was put 
in this motor, and ran perfectly. Any 
suggestions you can give will be very 


welcome. 
Wisconsin Rapids, Wis. W. B. L. 


When Should an Armature Be Scrapped 
Instend of Repairedt—I shall appre- 
ciate it if readers will give me their 
opinion on the following: If an arma- 
ture needs new coils, a new commu- 
tator and a new shaft, especially if 
it is of the type that has the lamina- 
tions stacked on the shaft, is a repair 
job, with only the laminations for a 
base, a profitable undertaking? Also. 
when should the core be junked and 
new laminations used? 

Chicago, III. J. E. K. 


armature connections are 
W. L. 8. 


other. 


Replacing Motors When Trouble Devel- 
opa— When armature or other troubles 
develop in a motor, should a new ar- 
mature be put in or other repairs 
made, right on the job? Or is it bet- 
ter to replace the entire motor with a 
spare and send the damaged motor to 
the repair shop? This question has 
come up several times in our plant 
and I should like to know the practice 
followed by other readers. 

Pittsburgh, Pa. E. W. D. 


Method of Restacking Transformer Core 
Laminationsa—When we restack trans- 
former core laminations we often ex- 
perience trouble in getting all of the 
iron back in place so that the cores 
will fit in the cases. We have fol- 
lowed the practice of burning paper 
underneath the cores after the lamina- 
tions have been stacked. I should like 
to know (1) if this is good practice. 
(2) Is there any danger of removing 
the Insulating varnish from between 
the laminations, thereby causing the 
cores to heat? 

Chicago, III. G. C. C. 


or fe 


you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


EN 


Answers Received 


To Questions Asked 


Reclaiming Leather Belting—I should 
like to know if any readers have made 
an investigation to determine how 
much belting must be in use before it 
will pay a plant to undertake belt 
reclamation work. I should also like 
to know the amount and kind of equip- 
ment required to do such work and 
about what savings we could expect to 
make. I shall appreciate any sugges- 
tions or information you can give me. 
Cleveland, Ohio. E. E. L. 
Replying to E. E. L.’s question in the 

February issue on reclaiming leather 
belting, we would say that if we under- 
stand your question what you want to 
know is how large a plant you must 
have or how much belting in use before 
it pays to set up an equipment for re- 
claiming, that is, degreasing, lapping, 
re-gluing, etc. The answer to this will 
pretty obviously depend upon the na- 
ture of the drives; in other words, up- 
on how quickly belts are deteriorated 
due to the nature of service to which 
they are subjected. 

Where there is a great deal of oil or 
dirt around, it probably would pay to 
reclaim belts in a plant where there 
was less belting in use than in a larger 
and cleaner plant where the conditions 
were more ideal. A gasoline tank of 
sufficient size to hold the belts in loose 
rolls would be required, with proper 
safeguards for fire hazard, and prefer- 
ably the work should be done out of 
doors or in a shed distant from other 
buildings of importance. There should 
be a dry, airy shed out of the buildings 
where the belts can be allowed to dry, 
that is, the gasoline to evaporate, and, 
of course, the size of this will depend 
entirely upon the amount of work done. 
In the summer time it can ordinarily 
be done outdoors; possibly in a garage 
or some such place which is open and 
not closed up tightly. . 

After the leather is degreased, it will 
have to be re-lapped. A good set of 
belt tools, including a small lapping 
machine, such as the Prims Machine 
made by J. C. Prims, Hornell, N. Y., 
should be installed. A man who under- 
stands the cutting of laps, gluing, ce- 
ment, etc., will be required, and then a 
small treating tank, in which the belts 
could be treated in a proper belt pre- 
server. 

Where belts receive a good deal of 
abuse, an appreciable saving probably 
could be made, and in large plants it 
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would be quite a large item. It all 
hinges upon whether there is enough 
work to justify the time of a man, as 
the investment in equipment is only 
small. 

Of course, a small press would be 
required but a hand press would ordi- 
narily be sufficient. Probably in most 
small plants, it would be cheaper to 
send such belts to a belt manufacturer 
and let him do it. 

J. EDGAR RHOADS. 


J. E. Rhoads & Sons. 


Philadelphia. Pa. 


* x x * 


How to Determine Amount of Piugging 
Resistance to Use—I would like to 
know the right way to figure the 
amount of resistance used for starting 
series motors that are plugged, such 
as on blooming-mill, roll-table motors, 
crane-trolley motors, or any motor that 
is subjected to plugging service. 
would also like to know how to Acute 
the resistance used in the secondary 
circuit of slip-ring motors Arvin fans. 
Mingo Junction, Ohio. . 8. 


Replying to the question by E. E. S. 
in the January issue, if a motor does 
not start from rest, but is plugged, the 
maximum voltage across the armature 
and its accelerating resistor is the sum 
of the line voltage and the counter- 
voltage developed by the motor at the 
instant of reversal. In order to limit 
the current with these combined volt- 
ages a plugging resistor is required. 
The proper value of this resistor can 
be determined by dividing the counter 
voltage of the motor at the instant. of 
reversal by the allowable current in- 
rush. This value can be discounted by 
10 or 15 per cent to allow for resist- 
ance and reactance of leads and loss of 
speed at the instant of plugging. This 
resistance should usually be added as a 
single step. 

In order to calculate the balanced 
three-phase secondary resistance neces- 
sary for a wound-rotor induction mo- 
tor, the locked rotor volts, and the full- 
load secondary current must be known. 
When the locked rotor voltage is known 
the full-load secondary current can be 
found by the formula: Full-load secon- 
dary current equals hp. times 746 di- 
vided by the locked secondary volts 
times 1.73 times (1 minus the slip). 

The Y-connected, balanced three- 
phase secondary resistance can be 
found by the following formula: Re- 
sistance per leg of the Y, in ohms, 
equals the locked secondary volts di- 
vided by 1.73 times the full-load secon- 
dary current times (100 divided by the 
torque developed on the first point of 
controller or contactor, expressed in 
per cent of full-load torque minus 
0.10). 

The secondary resistance for wound- 
rotor motors is usually connected in Y. 
There are cases where it is desired to 
reduce the current handled by the con- 
troller fingers; in such cases the re- 
sistor is connected delta. If the resist- 
ors are delta-connected, determine the 
proper value of Y-connected resistance 
and multiply by three to get the proper 
resistance of each leg of the delta. The 
current in each leg of the delta-con- 
nected resistors is the motor secondary 
current divided by 1.73. 


MARTIN G. LANE. 
Asst. Chief Electrician. 
Superior Mines, Union Pacific Coal Co., 
Superior, Wyo. 
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Throwing Large Squirrel-Cage Motors 
Across the Line—Will someone who 
has had experience with ore large 
squirrel-cage motors (50 hp. and larger) 
by throwing them directly across the 
line, please report their results? Has 
such practice injured the motors in 
any way? Has it resulted in any 
damage to the machinery driven? Has 
it interfered with the supply of cur- 
rent to other motors in the same plant? 
Indianapolis, Ind. D. W. T. 


In answer to D. W. T.’s question in 
the January issue, I should like to say 
that this is common practice in the coal 
industry where a. c. mining machines 
are used. These machines usually run 
from 35 to 50 hp. The stators on these 
machines are connected through con- 
trollers arranged for star or delta con- 
nections. 

This system is very successful and 
does not cause any damage to the ma- 
chines nor does it have any bad effects 
on the voltage or other motors, outside 
of a slight surge. 

We have also on several occasions 
had to start a 200-kw. motor-generator 
set by throwing it across the line. 

This is very risky both to machine 
and operator and I would not advise 
doing it except in extreme emergencies, 
and then the oil switch would have to 
be thrown in and out very rapidly until 
the machine is brought up to half- 
speed, when it can be left in without 


danger. H. BANHOLZER. 
Electrical and Mechanical Engineer, 
Knox Consolidated Coal Co., 

Bicknell, Ind. 


* * * * 


In reply to D. W. T. in the January 
issue, throwing large squirrel-cage mo- 
tors across the line is becoming regular 
practice, particularly for motors driv- 
ing power station auxiliary equipment, 
as it obviates freezing of contacts and 
allied troubles in starting compensa- 
tors, due to the inherently small rup- 
turing capacity of such equipment dur- 
ing the starting period. 

Motor manufacturers are designing 
equipment for this service and no seri- 
ous trouble will occur if the service 


or duty of the motor is understood be-- 


fore installation. Troubles have oc- 
curred with motors due to lack of 
proper reinforcement at the ends of 
the stator coils, but so far as the 
writer knows these have been limited 
to the motors of one manufacturer and 
were rectified after installation. 

The question of damage to the ma- 
chinery driven must be settled by the 
manufacturer of the driven machine. 
In cases where the motor is direct- 
connected through gearing, there may 
be a possibility of damage but in every 
case that has come under the writer’s 
observation, the machine manufacturer 
was agreeable to this method of start- 
ing and no damage has as yet been 
reported. Coal crushing equipment, in 
particular, must be carefully investi- 
gated when this method of starting is 
under consideration. 

The question of the effect of this 
method of starting on the current sup- 
ply to other motors in the same plant 
cannot be answered directly. In power 
station practice the capacity of the mo- 
tor being started is usually so small 
in comparison to the generating equip- 
ment that no marked fluctuations of 
voltage are caused. However, in one 
case where a 150-hp. motor was being 
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started with a 1,250-kva. generator sup- 
plying it, the generator being partly 
loaded, a marked momentary fluctua- 
tion was noticeable. This, however, is 
an operating feature that can be 
avoided. 

In general, the motor manufacturer 
should know that the motor is to be 
started in this manner so that no older 
type of equipment with insufficient end 
winding reinforcement will be furnished 
for this duty. 

C. OTTO VON DANNENBERG. 
The J. G. White Engineering Corp.. 
New York, N. Y. 
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In reply to D. W. T. in the January 
issue, it is not common, practice to start 
squirrel- cage motors of 50 hp. and 
larger on full voltage. Consequently, 
motors of this size are not as a rule 
designed for this sort of operation. It 
is true that motors may stand a certain 
amount of full-voltage starting, but the 
best procedure is to write the motor 
manufacturer, giving the full rating of 
the motor, together with the serial 
number. Also advise the probable num- 
ber of times the motors will start on 
full voltage, as well as the kinds of ma- 
chines the motors have to drive. With 
this information the motor manufactur- 
er will be in a position to give authentic 
information as to whether or not his 
motors can be used in this way. If 
such method of starting is contemplated 
before the motor is purchased, it is 
always possible to have the motor coils 
equipped with special bracing, which 
will insure against any possible coil 
distortion due to full-voltage starting. 

Probably the majority of general- 
purpose, squirrel-cage type motors, 110- 
volt, 220-volt, 440-volt or 550-volt, 50- 
hp. and larger, as manufactured by 
reputable manufacturers, will stand a 
certain amount of starting on full volt- 
age without injury. Continuous oper- 
ation with this method of starting is 
likely to cause trouble in time, unless 
the motor coils have first received spe- 
cial treatment which will enable them 
to resist the strains caused by the 
high current which exists at the time 
of starting. If the motors are 2,200 
volts, the windings are of compara- 
tively small cross-section, due to the 
small, full-load current. Such motors 
are more susceptible to distortion of 
their windings than other motors, due 
to the windings having less mechan- 
ical strength. 

If D. W. T. tries starting his mo- 
tors on full voltage, he should watch 
for trouble at the point where the 
stator coils leave the iron stacking. 
Any distortion of the coils or loosen- 
ing of the coils at this point may cause 
abrasion of the insulation where the 
coil bends around the iron, and in time 
will cause a ground. This tendency 
of coils to loosen is not mainly due to 
the mechanical shock which occurs 
when the motor starts, but is due to 
high magnetie stresses due, in turn, to 
the high currents which exist in the 
stator windings at the time of start- 
ing. A squirrel-cage motor draws sev- 
eral times its full-load current at the 
instant of starting, which value grad- 
ually tapers off to full-load value as 
the motor comes up to speed. The me- 
chanical shock to the motor starting 
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on full voltage is not so great as might 
be supposed, particularly if the load 
has a high frictional value, such as 
starting a bucket conveyor or a plunger 
pump. Referring to Fig. 1, curve B 
is the curve of a conveyor which starts 
cold after the lubrication has settled 
down. A torque equal to Y is neces- 
sary to break the static friction, which 
falls off to a value Q, after the con- 
veyor is up to speed and all the bear- 
ing surfaces are lubricated and warmed 
up. The characteristic torque curve 
of a squirrel-cage motor is given by 
C. It will be noted that the differ- 
ence between U (torque exerted by 
motor at starting) is not excessive as 
compared with the torque demanded by 
the load at starting. However, the 
starting current corresponding to 
curve C may be five or six times the 
full-load current of the motor and it 
is the high magnetic stresses result- 
ing from this current which may cause 
the distortion of the motor windings. 
Curve D shows the motor torque curve 
when started by a compensator. It is 
evident that this is insufficient for 
starting up the load represented by 
curve B, although it would have the 
advantage of taking any back-lash out 
of the gearing, thus saving some me- 
chanical jar when the motor was finally 
thrown on full voltage. 

If the motor in question is connected 
by belt to a machine having very high 
inertia, as for example, a shear having 
a flywheel, the starting torque exerted 
by the motor may be so great as to 
make the belt slip, causing burned spots 
on the belt. D. W. T. does not state 
definitely that his motors are general- 
purpose, squirrel-cage machines, but if 
they are high-torque motors with high- 
resistance rotors, the starting torque 
characteristics of each motor will be 
similar to curve E. The difference be- 
tween the starting torque of such a 
motor and curve B is represented by 
the difference between W and Y, which 
is considerably greater than the differ- 
ence between U and Y. The attendant 
shock on the driven machinery with 
such a motor is greater, but the like- 
lihood of trouble with the motor itself 
is less even though the mechanical 
shock is much greater. This is due to 
the fact that the high-resistance rotor 
windings reduce the inrush of current 
with attendant magnetic stresses, which 
reduces the chance of any distortion of 
the motor windings by just that 
amount. In all cases of full-voltage 
starting, it is important that there be 
no great amount of back-lash in the 
gearing; otherwise too great a start- 
ing torque might break the teeth of 
the gears. 

The question of the amount of cur- 
rent drawn from the line is often a 
relative one. A case came to the wri- 
ter’s attention recently where the oper- 
ator was worried about the probable 
starting current drawn from the line 
by a 40-hp. motor started on full volt- 
age when a 350-hp. motor which was 
connected to the same mains had a 
full-load current practically the same 
as the locked rotor current of the 40- 
hp. motor. In other words, the 40-hp. 
motor would have a momentary current 
inrush hardly any greater than the full- 
load current of the large motor, and 
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considerably less than the inrush cur- 
rent of the large motor when start- 
ing. Some power companies specify in 
their rules that, “where an installation 
consists of a number of motors, the 
starting device may be omitted from 
any motor which, with the starting de- 
vice omitted, would have a current less 
than the permissible maximum for the 
largest motor in the installation.” 

If the motor drives a fan having a 
speed-torque curve like A in Fig. 1, a 
compensator will give a motor charac- 
teristic curve D, which will permit a 
comparatively low starting current. 
However, if the load curve is similar 
to B it is doubtful if the increase in 
starting current due to the omission of 
the compensator will have any appre- 
ciable effects. For example, curve C 
shows that 150 per cent torque is exert- 
ed by the motor at full-voltage start- 
ing. The load curve B indicates 120 
per cent torque is required. A com- 
pensator reducing the voltage to 90 per 
cent of full value reduces the starting 
torque to 81 per cent (starting torque 
is reduced according to the square of 
the applied voltage), or 121.5 per cent 
of full-load torque. This is barely 
enough to start the load and it would 
not be feasible to reduce the applied 
voltage any lower. The starting cur- 
rent is theoretically reduced to 81 per 
cent of its former value. As a mat- 
ter of fact, there will probably be even 
a larger reduction due to losses in the 
compensator and unbalanced voltages. 
Consequently, the addition of approxi- 
mately 15 per cent more current should 
not result in any bad effect, providing 
previous starting conditions were sat- 
isfactory and the power lines have a 
reasonable margin in capacity. An- 
other point in favor of full-voltage 
starting is the fact that the increase 
in applied torque due to full-voltage 
starting means that much less time 
during which the higher current exists. 
Therefore, if D. W. T.’s load curve is 


Fig. 1—Speed-torque curves of cer- 
tain types of loads and of standard 
squitrel-cage motors started on 
one-half voltage and full voltage. 
Fig. 2—Speed-torque curves of 


standard squirrel-cage motor and 
type FTR motor, started on full 
voltage. 
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similar to B, a compensator is of no 
particular advantage with a motor hav- 
ing the,characteristics shown in C. 

D. W. T. may also be interested to 
know that the current taken in start- 
ing by compensator is often much 
greater than any current that would 
ever be obtained when starting by the 
full-voltage method. The stator cur- 
rent ceases immediately when a motor 
is disconnected from the starting tap 
of a compensator preparatory to throw- 
ing the motor on full voltage. The 
rotor current, however, will continue to 
flow for a short period of time, due to 
the fact that the decrease in the flux 
tends to keep it flowing. This rotating 
flux generates a voltage in the stator, 
the frequency of which is somewhat dif- 
ferent from the line frequency. If the 
compensator is thrown to the full-volt- 
age position while this induced voltage 
in the stator still exists, it is possible 
that the induced voltage and the line 
voltage will be in phase opposition. 
This will cause a surge of current 
which will be several times as great 
as any current the motor can possibly 
draw from the line when started on 
full voltage from rest. This surge lasts 
for a fraction of a second, but it may 
have a worse effect on the motor and 
starting equipment than current ob- 
tained by full-voltage starting. Of 
course, if the compensator closes when 
the two voltages are in phase coinci- 
dence, there will be no undue rush of 
current. 

The General Electric Company has 
a line of motors, type FTR, up to 100 
hp., having high-starting torque, rela- 
tively low starting current, low slip 
and high efficiency, especially adapted 
for starting on full voltage. These 
are not general-purpose motors, but are 
designed for use with automatic re- 
frigerating machines, automatic pump- 
ing installations, conveyors, reciprocat- 
ing pumps—in fact, for all installa- 
tions where high starting torque, low 
starting current and high all-day effi- 
ciency are desirable. Larger motors, 
type FT, can also be furnished with 
similar characteristics, except the start- 
ing torque is not as high as with the 
type FTR motors. Fig. 2 shows the 
speed-torque curve of an FTR motor 
compared with a standard squirrel-cage 


motor. Note the difference in starting 
torque. Also, the starting current cor- 
en 
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responding to curve A is considerably 
less than the starting current corre- 
sponding to curve B, in Fig. 1. 


R. F. EMERSON. 
Industrial Engineering Dept., 
General Electrice Co., 
Schenectady, N. Y. 
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In reply to D. W. T.’s question in the 
January issue, throwing large squirrel- 
cage motors directly on the line is not 
usual practice and experience on this 
point may be lacking; so our experi- 
ence, which is similar, may be useful. 

We have a lineshaft driving beaters, 
pumps, and stuffchest agitators, the 
principal load being in the beaters, 
which, as the stock settles and thickens, 
have a very heavy starting torque and 
slow acceleration. This lineshaft was 
formerly driven by a steam engine but 
in the process of changing to individual 
motor drive it was desirable to replace 
the engine temporarily by a motor. The 
only motor available was a 125-hp., 14- 
pole, three-phase, 60-cycle, 440-volt, 
squirrel-cage motor with manually-op- 
erated compensator; so it was installed. 
This motor will not start on less than 
the 90 per cent voltage tap and some- 
times even refuses to start, so that the 
belt has to be shaken to lessen the in- 
itial friction. 

But, although the motor has been 
operating on this service for about 18 
months, pending a decision as to a rear- 
rangement of the machinery, it shows 
no sign of distress or weakness. The 
rated motor current at full load is 161 
amp., but on starting it takes from 550 
to 600 amp., and although the gene- 
rator is rated at 1,250 kw., there is 
considerable flickering of the lights. As 
a rule, the motor takes 30 to 45 sec. to 
come up to a speed where the compen- 
sator can be thrown to the running po- 
sition, at which time the current has 
fallen to 250 amp., but jumps tempo- 
rarily to 400 amp., falling back to 130 
to 150 amp., which is the average run- 
ning load. 

We have also a 200-hp. synchronous 
motor that was originally purchased to 
drive a Jordan engine, which has start- 
ing characteristics similar to a centrif- 
ugal pump. Ultimately, however, we 
found it more convenient to use the 
motor on a large breaker beater sys- 
tem. This motor will not start on the 
90 per cent tap without the assistance 
of men pulling on the belt, although 
this condition will shortly be corrected 
by a change in the amortisseur wind- 
ings. However, the motor starts up in 
good shape when the line voltage is 
raised to 550 volts. At this voltage the 
motor takes from 700 to 800 amp. in 
the feeder circuit and has been started 
in this way several times without in- 
jury. 

On the other hand, in another power 
house we had a 100-hp., three-phase, 
60-cycle, 2,300-volt, 16-pole, squirrel- 
cage motor driving a condenser extrac- 
tion pump. The insulation of the motor 
was known to be in poor shape. One 
day in starting up in a hurry a new 
watch engineer pulled the compensator 
handle directly into the running posi- 
tion—the latch was afterwards found 
to be stuck—and grounded about a 
dozen coils with a report like a cannon. 
In general, if the starting torque and 


INDUSTRIAL ENGINEER 


inertia of the motor load are not too 
great to allow of its accelerating rap- 
idly and building up a suitable counter- 
electromotive force before the very 
heavy current developed by the full im- 
pressed voltage can cause undue heat- 
ing, the motor will not be damaged. 
But as the line must be fused to stand 
this current, the motor has little pro- 
tection unless relays are used which 
can be short-circuited during the start- 
ing period. 

The disturbances on the power sys- 
tem are a more serious matter, as with 
a comparatively small generator the 
voltage may be pulled down so that 
undervoltage releases on other circuits 
operate. We have had this occur with 
sticking contacts on the automatic 
starter of the synchronous motor, and 
even where the fluctuation is not so 
great it causes a very unpleasant flick- 
ering of the lights. For this reason, 
most public service companies in cities 
will not supply service where squirrel- 
cage motors of over 25 hp. are in- 
stalled, even with compensators, for 
while the starting power may not be 
excessive, the large wattless current af- 
fects voltage regulation. 


I hope that our experience may be of 


some use to D. W. T. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Company, 
New Haven, Conn. 
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Replying to the inquiry by D. W. T., 
in the January issue, it is quite feasible 
to start motors of 50 hp. rating or 
larger, directly off the line, and it is 
not as a rule liable to cause much dam- 
age especially if the motor is in good 
condition electrically. However, it is a 
method which should be avoided unless 
everything else has been tried and the 
emergency is serious enough to warrant 
the risk. 

There are several 
should be considered regarding this 
method of starting. In the first place, 
the motor should be in good mechan- 
ical and electrical condition. The load 
should be of small inertia or should be 
connected through a clutch. If the load 
is connected through a mechanical, 
magnetic or air type of clutch, so that 
the motor can start freely with only 
its own inertia to overcome, the initial 
rush of current will not be much over 
two to three times normal and will be 
only momentary. Under these condi- 
tions the time required for the motor 
to start and reach approximately syn- 
chronous speed, would be very short. 
With a clutch connection the type of 
load matters very little as long as it is 
the load which the motor has custom- 
arily been driving. If the load is di- 
rect-connected, however, the nature of 
the load should be considered. If the 
load is of a light nature with small 
inertia, it will not seriously affect the 
starting, but if it is a stiff, heavy load 
of a kind which ordinarily gives the 
motor a hard struggle even when start- 
ing with a compensator, it is liable to 
cause trouble. The danger can be re- 
duced somewhat by putting the drive 
into motion before starting. I will re- 
fer to this again later. 

The size of main feeders and trans- 
formers should be looked into, but if 
the plant has a considerable number of 


points which 
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motors of large size, the mains and 
transformers, switching equipment, etc., 
are sure to be more than safe, and 
there is little chance of interrupting 
service on the other motors. On the 
other hand if the plant has only three 
or four motors, there would be a good 
chance of knocking out the main break- 
er. In a case like this the overload 
relays on the main breaker might be 
blocked or set up high just long enough 
to start the motor, and then be re- 
leased. 

We have started a 300-hp. squirrel- 
cage induction motor directly off the 
line, successfully. The motor in ques- 
tion was driving one of our most im- 
portant mill lines and we had the 
misfortune to burn out the auto-trans- 
former. It was impossible for us to 
secure a spare or to get the other one 
repaired inside of two weeks, and on 
account of production conditions we 
had to get it running without the loss 
of one moment longer than was abso- 
lutely necessary. We decided, after a 
survey of conditions, that it was worth 
while taking a chance on starting it off 
the line. Fortunately the motor was 
connected to its load through a mag- 
netic clutch and, therefore, could be 
started with only its own inertia to 
overcome. 

To start it, we blocked the overload 
relays on the feeder switch at the main 
board and at the motor switch, wound 
a rope several times around the shaft, 
started the rotor turning over by hand 
and with several men pulling on the 
rope, brought the rotor up to a fair 
speed; then we pulled the rope clear 
and closed the switch. The motor 
started off nicely and with no evidence 
of distress. We then threw in the 
clutch and unblocked the relays. It 
was necessary for us to repeat this per- 
formance once more before the auto- 
transformer was fixed and it worked 
equally well the second time. 

We have had occasion to start sev- 
eral motors of over 50 hp. rating in 
this manner and by observing the pre- 
cautions outlined and having the rotor 
turning over in the proper direction at 
the moment the switch is closed, we 
have had no injury to the motors so 
started, no damage to machinery, and 
no interruptions of service to the other 
motors. 

By having the rotor in motion when 
the current is applied, the initial rush 
of current is greatly reduced, so that 
it amounts to little more than that 
taken by a motor started from a dead 
stop, with the auto-transformer on the 
70 per cent taps. 

Our experience along this line, al- 
though successful, led us to finally pur- 
chase a spare auto-transformer large 
enough to handle any of our motors, 
and this we have mounted on a skid, 
easily transported to any place re- 
quired. We would suggest this as ad- 
visable if much trouble is being had 
with auto-transformers and starting 
switches. A good oil switch could also 
be mounted on the skid with the trans- 
former, and such an outfit could be 
quickly connected and the crippled ap- 
paratus repaired at leisure. 


L. J. CLAYTON. 
Asst. Mechanical Engineer, 
The Goodyear Tire & Rubber Company 
of Canada, Ltd.. Bowmanville, Ont., Can. 
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Connecting Watt-hour Meter to Three- 
Wire Cireuit— Will some reader please 
ve me a diagram and explanation of 

ow to connect a watt-hour meter to 


an Edison three-wire circuit? IS a 
special type of meter required? Why? 
Bellaire, Ohio. J. R. B. 


J. R. B. will find an answer to his 
question in the January issue in the 
accompanying diagram and explana- 
tion. 

The diagram shows a_three-wire 
meter (a meter made for the Edison 
three-wire system) connected to the 
Edison three-wire circuit. This is the 
connection used in conjunction with a 
meter loop. Note that the neutral wire 
does not pass through the meter, but 
passes through the service switch. Also 
the neutral is solid“; that is, it is not 
fused. (See page 64, paragraph a, 
Article 8 of the National Electrical 
Code.) Since the neutral wire is 
grounded no fuse is needed. The neu- 
tral wire need not pass through the 
meter because all of the current must 
pass through the outside wires. This 
includes the unbalanced current in the 
neutral. Thus all the current is me- 
tered. The potential coil of the meter 
is connected across the outside wires. 

When the service switch, service 
fuses and meter are combined in an 
approved device, having no live parts 
or exposed wiring, and which is capable 
of being sealed or locked, the switch 
may be so connected that it will not 
disconnect the fuses or meter from the 
supply line (page 18, Article 4, para- 

b of the National Electrical 
Code). 


The connections for watt-hour me- 
ters are the same for both a. c. and 
d. c. meters in the Edison three-wire 
system. If the supply is a. c. an a. c. 
meter is used; if d. c. a d. c. meter is 
used. 

A three-wire meter as shown in the 
diagram is required because, as before 
stated, there are two wires in whicn 
the current must be metered. If the 


regular single-phase a. c. or two-wire 


d. c. meter were used current would 
pass to the load and back to the sup- 
ply without going through the meter 
for the reason that there is only one 
current coil in the meter. Assume, for 
instance, a three-wire d. c. system, 
feeding an unbalanced load, with most 
of the load between the positive and 
neutral, and a two-wire meter whose 
current coil is connected in the nega- 
tive side of the system. The current 
would pass from positive to negative 
through the meter and back to its 
source. The unbalanced current would 


Internal and external connections 
of three-wire meter connected to 
Edison three-wire circuit. 
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pass from positive to neutral through 
the load and return on the neutral 
without going through the current coil 
of the meter, which is in the negative 
side. If the meter is connected with its 
current coil in the positive side with 
the unbalanced load on the opposite 
side, most of the load being between 
neutral and negative, the current will 
flow out through the positive, thence 
through the meter and load and back 
to its source, through the negative wire. 
The unbalanced current will flow 
out through the neutral, through the 
load and return through the negative, 
and thus not go through the current 
coil of the meter, which is on the posi- 
tive side. From the foregoing it is evi- 
dent that such a meter could not be 
successfully used on three-wire circuits. 
Concord, Mass. DONALD FERGUSON. 


* * * + 


In answer to the question asked by 
J. R. B. in the January issue of INDUS- 
TRIAL ENGINEER, as the fundamental 
principle of the watt-hour meter is the 
same as that of a motor it is no more 


possible to use a 110-volt motor under 


220-volt pressure than it is to use a 
two-wire, 110-volt meter on a three- 
wire, 110-220-volt circuit, and for the 
same reasons. If you were to connect 
a two-wire, 110-volt meter to a three- 
wire, 110-220-volt circuit you would 
burn up and ruin the meter. 


Three-wire watt-hour meter con- 
nected to Edison three-wire circuit. 


The diagram shows the method of 
connecting the ordinary type of three- 
wire meter. The connection shown ap- 
plies to circuits carrying from 1 to 100 
amp. Current transformers must be 
used when the circuit exceeds 100 amp. 
Inspector, EDWIN V. LAMBERT. 


Philadelphia Fire Underwriters, 
Ardsley, Pa. 
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Replying to J. R. B. s question in the 
January issue, in the accompanying di- 
agram 4 shows the conventional meth- 
od used by one company for measuring 
the energy used in a three-wire circuit. 
This method has the objection that if 
the voltage coil is connected to the line 
and the neutral, the voltage will be 
lower and the registration lower on the 
side carrying the greater load. When 
connected to the side with the lighter 
load, the voltage to neutral will rise 
and the registration will be higher than 
it should be. However, in the large 
three-wire distribution systems the un- 
balance is generally so small that the 
error in this method of connection is 
negligible. 
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Connections for measuring energy 
used in a three-wire circuit by 
means of, A, a single three-wire 
meter and, B, two two-wire meters. 


It is also possible to obtain a meter 
with a voltage coil connected between 
the outside legs, or a coil with double 
the voltage of the coil shown in A. This 
gives a registration approximating the 
average of the two voltages to neutral 
and has the advantage over the other 
types indicated in that there need be 
only four terminals, as against five in 
diagram A. 

For absolutely accurate registration 
two, two-wire meters can be used, each 
connected with the current coil in the 
outside leg and the voltage coil to the 
neutral as shown in B. The three-wire 
meter is a standard type of meter and 
is not considered special. 


C. OTTO VON DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. Y. 
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In reply to the question by J. R. B. 
in the January issue, he may use either 
two, two-wire instruments or one 
three-wire instrument. There is very 
little difference in the construction of 
the meters and the principle of opera- 
tion is exactly the same. In meters 
designed for use on three-wire circuits 
the two series coils are distinct and 
the ends of each are brought out to 
terminals The diagram will illustrate 
the construction and connections of a 
three-wire watt-hour meter for an Edi- 
son system. 

The voltage coils may be connected 
across lines 1 and 8, 1 and 2 or 2 and 8. 


watt-hour meter con- 
nected to Edison three-wire circuit. 


Three-wire 
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When the connection shown is used, 
the torque exerted on the armature is 
equal to the sum of the torques of coils 
A and B. On a well-balanced load the 
torques are equal and the meter will 
register accurately. On a badly unbal- 
anced load, where the voltages will not 
be equal, the torques will not bear the 
same ratio to the load. On unbalanced 
loads the meter usually registers more 
power than is really used. Another im- 
portant point to consider when connect- 
ing the meter to an unbalanced load is 
that the error is greater when the volt- 
age coil is connected between an outside 
wire and the neutral. 

If your circuits are subject to a 
serious unbalance, it would be well to 
use two, two-wire meters and take the 
sum of the readings of these two met- 
ers. This is the most accurate method 
in practice. Any reliable manufacturer 
of meters can furnish excellent meters 
of either kind and will be glad to give 
you any further information you may 
require. In case you are interested in 
meters of all kinds, Jansky’s “Elec- 
trical Meters,” published by McGraw- 
Hill Book Co., will give you any ordi- 
nary information you may wish. 

Chief Electrician, LEE F. DANN. 


Donnacona Paper Co., Lt d., 
Donnacona, Que., Can. 
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Answering the question asked by 
J. R. B. in the January issue of INDUS- 
TRIAL ENGINEER, the accompanying di- 
agram of connections may be of help 
af solving the problem that is troubling 

im. 


Watt-hour meter connected to Edi- 
son three-wire circuit for lighting 
service. 


In explanation I will say that he 
made no mention as to the use of 
this meter in any particular circuit. 
The diagram shows the method of con- 
necting a meter for regular lighting 
service on a 250-volt, three-wire circuit, 
carrying up to 30 amp. 

NATHANIEL W. BLANCHARD. 
Inwood, Long Island, N. Y. 
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Using A. C. Generator as Synchronous 
Motor—What changes, if any, are nec- 
essary in order to use a stationary- 
field, revolving-armature, a.c. genera- 
tor as a synchronous motor? This is 
a Westinghouse generator, rated at 25 
kva., 480 volts, 30 amp., three-phase, 
60 cycles, 1,800 r.p.m., serial No. 
4212835. The exciter is direct-con- 
nected to the generator shaft and is 
rated at & kw., 125 volts, 6 amp. 
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I should like to use this generator as 

a synchronous motor to drive a cen- 

trifugal sugar drier and to _ correct 

power factor. The power supply is 480 

volts and all motors are rated 440 volts. 

If I can use this generator as planned, 

what horsepower will be developed 

and what will be the ampere input? 

Will I have to have an outside supply 

of direct current for excitation, or can 

I use the exciter on the machine? 

Negros Occidental, P. I. . C. 

In answer to A. C. M.’s question in 
the February issue, these machines are 
built to serve either as generators or 
motors, but must have a squirrel-cage 
winding when used as synchronous mo- 
tors, or the starting torque will be very 
low. 

When used as a motor, the machine 
in question will develop approximately 
35 hp., and the current taken will be 
about 30 amp. The direct-connected 
exciter on the machine is all that you 
will need for excitation purposes. How- 
ever, unless the connected horsepower 
load is small, you will not realize much 
from this machine as regards power 
factor correction because its capacity 
is very limited by reason of the small 
excitation current available from the 
exciter. I would suggest that you try 
out a set of static condensers for power 
factor correction if the machine does 
not help you out enough. Any reliable 
electrical manufacturer, such as the 
General Egectrie Company, or the 
Westinghouse Electric & Mfg. Com- 
pany will gladly give you any informa- 
tion you wish. LEE F. DANN. 
Chief Electrician, 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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Determining Size of Conductors for In- 
termittent-Rated Motors— Will some 
reader of InpustriaL ENcingzr please 
give a method of comput ng the sizes 
of rubber covered cables to be used for 
connecting intermittent-rated motors 
—particularly half-hour rated crane 
motors? 
Montreal, Can. F. P. 
In answer to the question by F. P. 

in a late issue, motor ratings for 

service of a periodic nature, or a con- 
tinually recurring cycle of operations, 
can be calculated from the root-mean- 
square formula. This method is based 
on the fact that heating in a motor is 


proportional to the square of the load 


and the duration of the load. 

Take a crane motor that develops 20 
hp. for 5 sec., 30 hp. for 15 sec., 10 hp. 
for 15 sec., and 0 hp. for 25 sec. 

Then: 20˙ K 5= 2,000 

30° X 15 = 18,500 
10° X 15 = 1,500 
0? x 25 = 0 


17,000 

The square root of 17,000 divided by 
60 will give the approximate average 
horsepower required to complete the 
cycle, which in this case is 16.83 hp. In 
any event the cable should be large 
enough to safely carry the peak load of 
30 hp. for 15 sec. 


Goldfield, Nev. PHIL D. COMER. 
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In a recent issue F. P. asked for 
information as to the proper meth- 
od of computing the size of wire to be 
used in connecting up motors for inter- 
mittent duty, such as crane motors. 
This request came from Canada and I 
am not sure whether the rules of the 
National Board of Fire Underwriters 
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are in force there as they are om this 
side of the border. 

The National Electrical Code makes 
no allowance for intermittent work so 
far as the size of the wires is con- 
cerned, but requires that the maximum 
current carried shall be less than the 
allowable amount for that size of wire. 
The current value may be calculated 
from the table under Rule Eight in that 
code. If Canadian installations must 
conform to another code, it should be 


consulted. 
Westfield. N. J. G. H. McKELWAY. 
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Lining Up Sprockets for Chain Drives— 
Can some reader tell me the best and 
simplest method of lining up sprock- 
ets or shafts, for chain drives? We 
frequently change machines around 
and install new drives or replace old 
ones, and I should like to be sure that 
we are lining these up properly. 
Decatur, III. J. L. 
Referring to J. L. B.’s question in a 

recent issue of INDUSTRIAL ENGINEER 

it appears that he has reference to 
silent-tooth chains. 

To obtain long life and quiet-running 
chain drives it is important to have the 
shafts of the sprockets parallel and the 
chain guiding medium in line. Aligning 
both sprockets with reference to their 
face or guide-link grooves is easily ac- 
complished by use of a straight edge or 
a piece of string, similar to lining belt 
pulleys. Also, by observing the drive 
in action, final adjustments can be 
made laterally by moving either the 
driver or driven sprocket sidewise. 

One method of checking to determine 
whether the sprockets are parallel is 
to take a piece of %-in. or %-in. cold- 
rolled stock, about 1 in. shorter than 
the distance between the outside diam- 
eters of the sprocket teeth and fit a 
micrometer thimble to one end. This 
gaging rod is then placed between the 
two sprockets at one end of the sprock- 
et teeth, a reading taken and checked 
against one taken at the other end. 
This gaging is done between the top of 
one tooth of the driver and the top of 
a corresponding tooth of the driven 
sprocket. The shafts are then adjusted 
until the reading at each end or side of 
the face of the sprockets corresponds to 
within 0.005 in. 

As an alternative, if the elements for 
the gaging rod described above are not 
available, a stick of wood may be used. 
This is cut about 1 in. shorter than the 
approximate distance between sprocket 
diameters and a nail driven in each 
end. The heads of the nails are cut 
off and the ends slightly tapered and 
rounded. In this case the gage is used 
in the bottom of the tooth, measuring 
at the bottom of the corresponding 
tooth in the other sprocket. The nails 
can be driven in to suit the distance at 
one end or side of the sprockets, using a 
piece of tin as a feeler-gage under the 
nail point, and checking on the oppo- 
site side, making the necessary adjust- 
ments for paralleling. Greater care 
and patience are required for accurate 
alignment, as compared to the first- 
mentioned gage rod, but it can be done. 

Also I would suggest studying the 
article on silent chain drives which ap- 
peared in the August, 1923, issue of 
INDUSTRIAL ENGINEER. E. H. LAABS. 
Engineer, Printing Equipment Dept., 


The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Strong and Simple Stairway for 
Use Around Machinery 


E HAD occasion some time ago 

to install two metal stairways, 
of the type shown in the illustration, in 
a power plant engine room, and they 
proved so satisfactory that a number 
of others of similar, construction were 
built for other purposes. 

When the engineer is called upon. to 
make something of this kind, he has to 
do all the preliminary work for one job, 
unless he has such data indexed among 
the files of his trade papers or has hap- 
pened to clip an article relating to that 
particular thing. As I had to do the 
necessary planning for this installation, 
the design used is presented here for 
reference. These stairways are easy to 
ascend, as the angle is 45 deg., which is 
unusually comfortable for an industrial 
installation, although this is a little 
steeper than architects in the building 
trades will specify. 

Besides engine and boiler rooms, 
where metal runways, stairs and ramps 
are essential, there are any number of 
applications in the industrial field. In 
the manufacture of foodstuffs, cloth, 
floor coverings, artificial leather, and in 
many other lines automatic machinery 
of great length (and considerable 
height) is used for a number of con- 
tinuous processes, and there is an up- 
er deck that must be reached by lad- 
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Details of an inexpensive metal 
stairway for industrial plant use. 


ders or stairways. The latter are far 
preferable and safer, and they are as 
low in cost. 

The design of stairway shown has 
ample safety for any load hat can be 
put upon it by all the men who can 
possibly crowd on it at one time. 

The side rails are made from \-in. 
by 6-in. steel. The ends are sheared 
at an angle of 45-deg. or they may 
be bent over to give additional support 
and for fastening. Pieces of angle iron 
are riveted to the insides and on top 
of these the step plates are laid and 
riveted. The step plates should prefer- 
ably be of 8 in. width, although nar- 
rower plates can be used if there is any 
object in so doing. 

Where it is possible to use it, cor- 
rugated plate is recommended for the 
step plates as giving surer footing for 
the workmen. A more elaborate design 
of step would include a riser at the 
back, set ½ in. above the step, to allow 
brushing out the dirt. 

As shown, the upper ends are fas- 
tened to the engine floor, or deck. At 
the bottom, %-in. rods flattened out on 
top were riveted fast to the sides of the 
stairway and placed in holes drilled in 
the concrete floor; later the space 
around them was filled in with cement. 

There are cases where such a stair- 
way might develop an objectionable 
sway. Conditions of loading, vibration 
in machinery, or the use of thinner side 
rails might cause this. To combat any- 
thing of this kind, two diagonals on the 
back (under side) of the rails would 
stiffen the structure; or, riveting two 
or more of the step risers to vertically- 
placed pieces of 1l-in. angle, would ef- 
fectually steady the stairs. 

It would, of course, be advisable to 
erect a hand railing alongside this 
stairway so that a man could catch 
himself in case he should stumble or 
slip. In damp or oily places it is well 
to use a special safety tread. There are 
several makes of these available. 

DonaLp A. HAMPSON. 


Plant Superintendent. 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Using the “Spanish Windlass” to 
Increase the Pull 


HE Spanish windlass has been 

found to be a big help where a 
tremendous pull is to be exerted in 
shifting heavy machinery into place 
with a block and tackle, and where it is 
not possible to get enough more men 
on the fall line to handle the load. 
Although it may not be new to the 
sailor or experienced rigger, perhaps 
some of the readers of INDUSTRIAL EN- 
GINEER may find it a big help at some 
time or other. 

All that is required to make a Span- 
ish windlass is two sticks, preferably 
hardwood, of convenient length. The 
ends of the fall are fastened around a 
stationary object or pillar with a little 
slack in the line. Referring to the 
illustration, stick (A) is given a twist 
into the line so as to form a round 
turn of rope (C) about it. Stick (B) 
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How a Spanish windlass may be 
applied to the end of a fall line 
from a block and tackle in case a 
load gets stuck and the men avail- 
able cannot move it. 
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is then placed at right angles to (A). 
As will be seen, the rope comes across 
the back of (B) and on top of stick 
(A). Stick (B) is rotated as a lever 
in the direction of the arrow to wind 
up on the line. This operation is easily 
understood from the drawing. 

This arrangement is not intended to 
be used for making a long pull, but it 
is handy for giving the extra pull that 
is necessary when the weight is stuck 
and there is not enough “beef” avail- 
able to make the grade. 

Oakland, Calif. S. H. SAMUELS. 
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Simple and Easily Constructed 
Filing Rack 

HERE a vertical holder for cards 

or papers is needed, which will 

separate them in any desired order, the 

type of holder shown in the accom- 

panying illustration can be made at 
practically no cost. 

The individual pockets are made from 

a single piece of sheet tin or brass that 

is bent at the places shown at A to the 

shape shown at B in the accompanying 


illustration. The holders are held at 
; an 8 
a N 
Overhapped holders a Š 
hashed in pesition ™: a. 
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The holders are made of sheet tin 
or brass and bent to the shape 
shown. They are arranged in verti- 
eal columns to which parallel rows 
can be added. | 


the edges with small screws or tacks. 
This form of holder permits of over- 
lapping and can be arranged so as to 
form one continuous column as shown 
at B. If more pockets or holders are 
required, parallel rows can be added. 

Washington, D. C. G. A. LUERS. 


Trap for 
Floor Sweepings Which Aids in 
Factory Housekeeping 


NDUSTRIAL housekeeping is ordi- 
narily much more easily done if 
some provision is made in the plant for 
removing the sweepings and other 
debris. In woodworking plants, for 
example, it has been customary to have 
doors or slides opening into an exhaust 
pipe into which sweepings or shavings 
could be pushed so as to be automatic- 
ally removed by the same suction which 
removes the shavings from the machine. 
Chutes could be used in many other 
industries for a similar purpose. In 
cases where the material is bulky, as 
in the woodworking industry, it would 
probably be necessary to put some suc- 
tion on it, although for many lines of 
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work a straight chute can be used with 
an open discharge at the end. 

An ingenious floor trap for such dirt 
removal is shown in the accompanying 
sketch, through the courtesy of The 
Linde Air Products Co., New York City. 
This consists of a rectangular box of 
channels cast in the concrete floor, with 
flanges out and equal in depth to the 
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This floor opening for a dust or 
sweepings trap was built up by 
oxyacetylene welding and cast into 
the floor. 
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depth of the floor. These channels were 
oxyacetylene welded at the corners. 
An enclosed chute leading from this box 
to a waste material conveyor is welded 
to the bottom of this and the top is 
covered by a sheet steel door. When 
the floor is swept, it is merely neces- 
sary to open the door of this trap and 
push the sweepings into the chute. If 
it is to be used in connection with a 
suction line care must be exercised to 
see that it is a tight fit so as not to 
lose too much of the suction when not 
in use. 


Stop Which 
Prevents Riding Man Elevators 
Past Top Floor 


N SOME food products and other 

similar plants, where the super- 
visory force and others connected with 
the industry must travel frequently 
from floor to floor, it is the practice to 
install what are known as man ele- 
vators. These consist of vertical belt 
conveyors with steps and hand holds. 
The belt is in continuous operation, so 


Rod to belt shifter 
and brake 
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With this automatic 
stop it is impossible to 
carry a man past the 
top floor on a man ele- 
vator. Without a guard 
of this sort a man 
might be dumped over 
the top and be in dan- 
ger of a serious fall. 
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that a man may ride up on one side 
of the belt or down on the return side 
of the belt. For this equipment there 
are, in general, two styles of steps. 
One of these steps is so constructed 
that when it reaches the top of the 


flight it tips over so that it is in the 


proper position for the man to ride 
down on it. Sometimes however, these 
do not tip and when the man steps on 
it, may in some cases cause an acci- 
dent. The other is a double type of 
step as is shown in the accompanying 
illustration. The hand holds are riveted 
to the belt at the proper distance on 
each side of the step. 

These man elevators are safe and a 
big convenience in carrying a few men 
between floors. Otherwise, if a man 
had to wait for an elevator or had to 
walk the three to five floors between 
operations, supervising would be an ex- 
hausting job. Practically the only dan- 
ger involved is through trying to carry 
tools or other objects up or down on 
the man elevators, or in neglecting to 
step off at the top floor. Supervision 
and discipline are perhaps the only 
methods of preventing individuals from 
carrying objects while riding. 

At the Battle Creek, Mich., plant of 
the Postum Cereal Company an ele- 
vator of this type is installed in the 
five-story Post Toastie building. Here 
the special device shown in the ac- 
companying illustration automatically 
shuts off the man elevator in case the 
person riding on it should neglect to 
step off before he has passed a foot 
above the top floor. It will be noticed 
from the accompanying sketch, that 
rollers supporting the step ride in a 
channel guide. A short piece of the 


metal is cut out of the side of one of 


the channels and a strap or pocket is 
fastened on, as may be seen. 

When a man is riding on the elevator 
his weight forces the lower roller guide 
up against the side of the channel and 
when it comes to this pocket, throws 
out far enough to catch into a dog 
which trips the starting rope of the 
elevator. When the step is not 
loaded the roller goes straight past the 
pocket in the guide and does not trip. 
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Electrical Service 
Around the Works 


Easy Method of 
Attaching Conduit, Cleats, or 
Bolts to Concrete 


HILE fastening conduits, knobs, 

cleats or bolts to concrete walls 
or ceilings may be done in various 
ways, it is often difficult to make a 
rugged and substantial job. We have 
lately been using a method that has 
proven itself a time and money saver 
and is hereby passed along. 


In most industrial plants, compressed 


air is available and it is only a matter 
of a length or two of air hose to get 
it to the place where it is necessary to 
mount the material on the concrete sur- 
face. We buy star drills in quantities 
and machine the shanks to fit the 
sleeves of the air hammers. These, to- 
gether with the air hammers, enable 
us to drill holes in concrete quickly at 
a very low cost. Wherever we think 
that we need to anchor a conduit, knob, 
cleat or other piece of equipment to the 
concrete, we drill a hole in it, and tamp 
the hole full of Smooth-On No. 1 (made 
by the Smooth-On Mfg. Co., Jersey 
City, N. J.) which is mixed with water 
until it has the consistency of soft 
putty. The knob, cleat, block or other 
device that is to be fastened to the con- 
crete is then placed over the hole and 
a wood screw driven home into the soft 
Smooth-On. It is supported by a brace 
in this position for an hour or so and 
as soon as the Smooth-On has hardened 
it will be found impossible to pull 
screw, fitting or block loose. 

For conduit work we prefer mount- 
ing wood blocks on the concrete and 
fastening the conduit to the blocks, 
thereby giving clearance for turning 
the conduit fitting. 

We prefer the Smooth-On to lead 
anchors or expansion bolts for the rea- 
son that the size of the drilled hole in 
the concrete is important when using 
expansion bolts or lead sleeves, whereas 
with the Smooth-On it is immaterial 

It is also possible to mount bolts in 
concrete by drilling somewhat larger 
holes and setting the head of the bolt 
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For this section ideas and practical methods devised 
to meet particular operating conditions are invited 
from readers. 


The items may refer to inspection, 


overhauling, testing or special installations. 


in the hole and tamping it full of 
Smooth-On, leaving enough of the bolt 
extending beyond the face of the con- 
crete to allow for attaching anything 
that is required. 

We are convinced that this method 
makes as strong a support in concrete 
as is secured by anchor bolts and 
sleeves and surely it is much cheaper 
and faster. Holes that are a little out 
of line can be used by enlarging them 
until they are in line and then filling 
both the hole and the mistake with the 
Smooth-On. 


Plant Engineer, 
Gardner Machine Co., 
Beloit, Wis. 


S. W. STEARNS. 


Handy Tool for Inserting a 
Renewable Fuse Link 


HE accompanying sketch shows a 

handy tool for inserting renewable 
links in Economy renewable fuses. It 
has been found in practice that some 
tools commonly used do not press the 
end of the links tightly enough into the 
containers. When a screw driver is 
used the slotted plugs are badly 
mutilated. 

The sketch is self-explanatory. The 
bit, which runs through the riveted 
handle, is made of finely tempered 
steel. Instead of the edges being 
tapered, they should be ground as 
shown in (B), which lessens the ten- 
dency for the bit to slip out of the slot. 
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This tool renders it possible to 
make a firm contact when insert- 
ing renewable fuse links. 


Portions (a) and (b) of sketch (A) 
are used for 30-amp. and 60-amp. sizes, 
respectively, as these sizes require a 
greater leverage to tmake a firm con- 
tact. W. L. STEVENS. 


Construction Engineer. 
Smith Robinson Co., 
Vancouver, B. C. 
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Break in Power Line Cause of 


Obscure Trouble 


VERY puzzling incident came to 
my attention a short time ago, 
which I think may be of interest to 
readers of INDUSTRIAL ENGINEER. A 
10-hp. d. c. motor operated on 500 volts 
had been sent to the shop to have the 
armature rewound. It was the only 
motor the owner had operating at this 
voltage. After the repairs were made, 
it was tested at the shop, proved to 
be in first-class condition, and was 
finally set up on the job. When the 
current was switched on, the armature 
refused to turn. The belt was removed, 
the bearings tried, fuses tested and 
connections checked, but without any 
results. A man from the Public Serv- 
ice Company was called in twice and 
claimed everything was all right up to 
the service switch. 

We had spent about a day on it so 
far and felt stuck, good and plenty, 
but there was still one thing left for 
us to try and that was to measure the 
current to see if we were really getting 
enough power to run the motor. A 
meter was not available; so we fused 
across the main switch with 10-amp. 
fuse wire, threw in the switch, and the 
fuse wire held. Of course that told us 
our trouble. The Public Service Com- 
pany was again called and their man 
tested the line with lights the same as 
we did and told us the line was O. K. 
so we had to convince him that it was 
not. This time we shorted the main 
switch with a screw driver and when 
nothing happened he called their repair 
truck. After tracing the line back, 
they discovered a broken wire lying in 
water in a manhole. That showed us 
why we had lights, but no power. After 
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repairing this break everything turned 
out satisfactorily. 

This puzzling trouble can be told 
quickly, but it took us about a day and 
a half to get this motor running. 

WALTER C. BISCHOFF. 


Nesbit Electric Co. 
Newark, N. J. 
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How Electric Heat 
Supplanted Steam for Preheat- 
ing Wood Before Gluing 


N MANY high-grade woodworking 

plants it is the practice to preheat 
the wood before gluing to secure a 
tight bond. It is thought that preheat- 
ing opens the pores in the wood so that 
the glue when applied penetrates the 
wood and makes a better joint. This 
is the practice at the Boston, Mass., 
plant of Horn Brothers who manufac- 
ture cabinets and interior finish. 

For a number of years a steam- 
heated box had been used for this oper- 
ation. It was necessary to operate a 
small steam boiler during the summer 
months for the heating of only this 
box and the glue pots. About a year 
ago, it was suggested that a saving 
could be made by heating this box elec- 
trically instead of by steam. The top 
of this box, which is 12 ft., 6 in. long 
by 2 ft., 6 in wide by 2 ft., 6 in. deep, 
is divided into two sections so ar- 
ranged that either can be opened as de- 
sired as shown in the accompanying il- 
lustration. The interior of the box is 
lined with asbestos which is protected 
by sheet metal. The steam coil is in 
the bottom, as is also shown. 

As it was the original intention to 
heat the box in summer by electricity 
and by steam in the winter, the steam 
coil was left intact and the electric 
heating elements placed at right angles 
underneath. As there are about 34 sq. 


Formerly steam was used in this 
box to preheat wood for gluing. 


This required that a steam boiler be 
operated during the summer. Now, 
eight 500-watt space heaters with a 
double-throw switch so that half of 
them can be turned off after the 
box is heated up, were installed 
beneath the steam coil. It now costs 
about $11 monthly to heat this box 
and three glue pots with electricity, 
which is much less expensive and 
laborious than keeping up steam in 
the boiler. 
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ft. of steam pipe radiating surface in 
the coil, it was estimated that about 
2% kw. of electrical capacity would be 
sufficient to maintain the desired tem- 
perature. In order, however, to reduce 
the time of heating up in the morning, 


This view of the interior of the box 
shows how the space heaters were 
placed. 


4 kw. were installed in eight units of 
500-watt, 230 volt, Westinghouse space 
heaters. These were so arranged on a 
double-throw switch that either full or 
half-heat could be secured. After the 
equipment was in operation it was 
found that it was necessary to leave 
the high heat on for only a short time 
in the morning. The switch could then 
be thrown to the half-heat position. 

At the time the wood box was ar- 
ranged for electric heating it was also 
decided to do away with the steam- 
heated glue pots. A circuit was run 
along underneath the work benches 
with outlets arranged at convenient 
points. Two 1-qt. and one 2-qt. West- 
inghouse electric glue pots were then 
installed. This arrangement proved 
much handier for the workman, for he 
had the glue at his bench. It was not 
necessary for him to walk across the 
room as he did when the steam-heated 
pots were used. 

Although it was the original inten- 
tion to use the electrical equipment 
only during the summer, experience 
showed that the operation was so eco- 
nomical and convenient, that the owner 
is now considering using the electrified 
equipment the year round. 

The cost of this installation amount- 
ed to about $225 including threé glue 
pots, 8,500-watt space heaters, and all 
necessary wiring including a run of 
about 50 ft. of wire from the service 
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entrance. The average monthly energy 
consumption of this equipment is 370 
kw.-hr. which at 3 cents per kw.-hr. 


amounts to about $11. J. L. FADEN. 
The Edison Electric Illuminating Co., 
Boston, Mass. 


Importance of 
Proper Design in Illumination 
of Factories 


NTIL the past few years man has, 

when using artificial illumination, 
been accustomed to local lighting from 
small and few (usually one) light 
sources. He has therefore, with good 
reason formed the mental habit of be- 
lieving that the nearer his eye and his 
work are to the source of light, the bet- 
ter will he be enabled to see. However, 
the very conditions which formerly en- 
abled him to get the best results from 
his lamp may now constitute the least 
efficient arrangement. 

Lamps are now so large that they 
need not be so near the object lighted 
in order to give good illumination. They 
cost so little that a number may be used 
with a more than proportional increase 
in results. Also, they are now so bright 
that they should no longer come within 
the range of vision, or discomfort and 
injury to the eye will result. There- 
fore, the lighting habits of generations 
must be broken if we are going to make 
the best use of our eyes. 

Before we started using artificial 
light we had the general illumination 
of the sun; to this light we were physi- 
cally very well adapted. Our eyes are 
shaded by our brows from the glare 
overhead, and are able to adjust them- 
selves to the slowly changing intensity 
through the day. 

Our artificial lighting habits were 
against the laws of nature, but as we 
did not know how to make very good 
lamps, it did not matter much. But 
now that our present lamps produce 
light of an intensity more comparable 
to sunlight, we are being forced to 
change some of our habits. 

Properly designed lighting systems 
are now as good as sunlight, and some- 
times better. These are systems of gen- 
eral illumination using a number of 
large-sized luminaires mounted rela- 
tively high and so spaced as to give a 
uniform lighting of the working plane. 
No other system can be better for any 
useful application. A good general il- 
lumination produces the effect of work- 
ing out-of-doors, with the sunlight not 
too bright. When the work to be done 
is of such a nature that the illumination 
from the sun would not do, local light- 
ing must also be used. If light must be 
projected into cavities or under objects, 
portable or adjustable brackets are re 
quired. The light must be well shaded 
from the eye, or the undesirable effect 
of the glare will more than counterbal- 
ance the value of the additional illumi- 
nation obtained. 

Glare in the eyes in time injures them 
or at least affects the vision. Injury 
also may be caused by too intense light 
entering the eye or by the alternate re- 
ception of light of moderate and low 
intensity. Glare effects may be pro- 
duced by direct or reflected rays, when 
the lamp filament or its reflection comes 
in the line of sight. They may also be 
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produced by a flicker of the light or by 
the cone of vision covering alternately 
fields of higher and lower illumination. 

For the above reasons, lamps should 
be hung above the range of vision or 
else shaded or screened; glass should 


not be used on desk tops; 25 cycle or 


fluctuating voltage should not be used 
for office lighting; belts, spokes of 
wheels, or other parts of moving ma- 
chinery should not be permitted to pro- 
duce flickering where any fine work is 
to be done; and local lights should not 
be used on desks or drafting boards. 
When local lights are used they should 
not produce a greater illumination than 
that received from the main lights 
which they supplement. In industry lo- 
cal lamps should be employed only to 
obtain light rays at an angle to those 
giving the general illumination. 


Electrical Engineer, D. W. BLAKESLEF. 


Jones & Laughlin Steel Corporation, 
Pittsburgh, Pa. 


How Starter 
Trouble Was Cured by Applying 
a Little Common Sense 


T ONE time we had a 10-hp. in- 
duction motor with a General 
Electric Type CR, starting com- 
pensator which will be recognized as 
quite an old timer. This compensator 
had always given trouble through 
breaking of the leads to the cylinder. 
About once a year we would have to 
shut down the woodworking room 
served by this motor while the starter 
was being fixed up. The shutdown 
meant, in addition to the half-day’s 
work of making repairs, a wait of one 
to four days to get an electrician, as 
we then depended on outside help for 
work of that kind. 

On one occasion this starter went 
bad again at a time when we couldn’t 
get anyone to fix it right away and we 
just could not wait. We decided to 
tackle the job ourselves; so we took 
the whole thing apart, carefully mark- 
ing each wire as we went along. Sure 
enough, two leads were broken off 
where they entered the shoe sockets. 

The leads were soldered in a hole in 
the brass casting as shown in the 
diagram A. Two disadvantages ap- 
peared to us in this construction. The 
wire had to be bent sharply in order to 
enter the socket, and with the soldered 
fastening there was no chance to make 
repairs except by dropping the cylinder 
out of the case and pulling the leads 
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along with it. If the bend were avoided 
there would be no initial stress on the 
wires to start a break and if a screw 
fastening were adopted, repairs could 
be made by merely taking off the front 
cover of the compensator, with no 


lead soldered m 


Originally the leads to the cylinder 
of starting compensator were 
sweated in as in A. The change 
in B, using a screw connection, 
eliminated lead breakage and made 
quick repairs possible. 
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wires to thread in and out and no oil 
pan to handle: | 

We altered the fastenings of all the 
nine shoes as shown at B. It took 
a little time in the machine shop to 
make the necessary parts but it was 
a good job when completed and we 
saved something by not having to 
sweat in all the wires. The holes for 
the reception of the leads and solder, 
were tapped out and into these we 
screwed brass bushings that had hex. 


heads of ample diameter. On top of 


these, the leads were to be secured by 
a conventional brass screw and washer. 
These screws headed upwards and 
when the compensator was re-assem- 
bled, they could still be worked at by 
using a long screwdriver. As noted 
in the drawing, the changed construc- 
tion allowed the leads to enter and be 
fastened at an easier angle than before, 
while the sharp bend where they had 
broken so often was avoided altogether. 

Long usage since then has shown 
that the change was a good one, for 
no more leads have broken. The men 
in the shop have remarked that they 
wish a wire would break just to give 
us a chance to demonstrate how easy 
it would be to make repairs, in con- 
trast to the old, familiar delays. This 
alteration saved the company the cost 
of a new starter, for one was about to 
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be purchased because of the high up- 
keep of the old one, but now the starter 
is apparently good for our lifetime. 

This same trouble of wires breaking 
is very annoying in a busy department 
(and who ever knew of any breakdown 
to occur where the department wasn’t 
busy?). Long experience has shown 
cne way to avoid these continued 
breaks. It is customary to cut back 
the insulation and stick the wire on 
again. Then the first thing you know, 
the wire is a bit short, and the constant 
bending back and forth that a cylinder 
wire gets can be made serious in no 
quicker way than by having it occur 
on a taut wire. The remedy is to splice 
the wire or put in a long lead, so that 
there is plenty of slack; the wire will 
then stand twice the amount of flexing 
before it finally breaks. 

i DoNaLD A. HAMPSON. 

Plant Superintendent, 


Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


Correction in Article 
“Electrical Devices in the Path 
of Power Service” 


N ERROR was made in the caption 

to the illustration on page 75 of 

the February issue of INDUSTRIAL 

ENGINEER. In this caption the words 

“left,” “middle,” and “right,” were in- 

advertently interchanged, thus incor- 

rectly crediting the three manufactur- 

ers with the equipment illustrated. The 

corrected caption and the illustrations 
are shown below. 


EEE 


Three motor drives that were de- 
signed to fit the user’s special 
requirements. 


At the left is shown a log carriage 
drive developed by the Westing- 
house Electric & Manufacturing 
Company. The motor shown is rated 
at 35 hp. with a speed range of 10 
to 80 r.p.m and is supplied with va- 
riable-voltage, direct-current power 
from a 30-hp., motor-generator set. 
In the center illustration is shown 
a new gearless, traction elevator 
motor built by the Allis-Chalmers 
Manufacturing Company of Milwau- 
kee, Wis. This is a _ slow-speed, 
shunt-wound motor, the armature 
shaft of which is coupled directly 
to the hoisting drum. At the right 
is shown a special variable-speed, | 
motor application made by the 
Reliance Electric & Engineering 
Company of Cleveland, Ohio, to a 
wire drawing machine. It is said 
that increased production is ob- 
tained with this individual drive 
arrangement. 
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This department will furnish mechanical 


details of installation, operation and main- 
tenance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Record System 
For Spare Pulleys and Other 


Transmission Equipment 


OR a number of years I have used 

the following system for keeping 
a record of spare pulleys and other 
transmission equipment and have found 
that it enables me to locate all such 
equipment quickly. 

Every pulley, gear, coupling, or other 
piece of transmission equipment is 
given a number upon being placed in 
storage. This number is painted with 
white paint on the face, arms, hub or 
side in sizable figures. Upon a cloth 
tag fitted with a tie wire instead of a 
piece of string, is entered all of the 
data regarding the piece of apparatus 
that is being numbered. This tag is 
shown at the left in the accompanying 
illustration. It will be noticed that this 
tag has a perforated line across the 
upper third. After the tag is filled 
out, the two parts are separated at the 
perforation, the upper part with the 
wire is attached to the pulley or other 


material held in storage, 


5-in. card is then taken from the file in 
the mechanical superintendent’s office 
and this card with the two portions of 
the tag are destroyed. In this manner 
both the machine shop’s and the me- 
chanical superintendent’s files show 
only those pulleys or other apparatus 
that is in storage. 

The same system can be used for 
hangers, couplings, gears, motors, pin- 
jons, in fact, for any class of spare 
the only 
change necessary being in the data 
entered on the tags and cards. One 
important point to be noticed is that 
in storing the spare equipment it 
should be so placed that the numbers 
which are painted on it are plainly 
visible. If possible, it is well to group 


the apparatus according to types or 
size of apparatus. 
Lawrence, Mass. 


A. J. CALHOUN. 


Easily Installed and 
Simple Method of Handling 
Long Belt Drive 


N a certain printing plant a battery 

of cylinder presses is installed along 
one side of the room. These presses are 
driven from a line of shafting hung 
from the bottom chord of the roof 
trusses and placed close to one wall. 
The center of the room is used for stor- 
age of paper and printed matter. 

The growth of the business necessi- 
tated the installation of some small 
auxiliary machinery, such as stitchers 
and stapling machines. These are light 
power machines that are usually placed 
flush with the front edge of a bench, so 
that work can be handled from one 
side to the machine and then passed 
out of it and on the other side of the 
bench without any lifting or unneces- 
sary piling. 

These light machines were installed 
in two sets near opposite ends of the 
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All data regarding the pulley is placed up- 
on the tag shown at the left. 


The upper third of the tag is tied to the 
pulley and the lower part is placed in a file 
in the machine shop foreman’s office. The 
data on the tag is also entered upon the card 
shown at the right. This card is filed in the 
mechanical superintendent's office where all 
of the engineering work is planned and laid 


piece of apparatus being recorded, 
while the lower and larger part is 
placed in a file in the office of the fore- 
man of the machine shop. In this file 
the tags are grouped according to pul- 
ley diameters or some other distin- 
guishing size. 


out. In this manner both the engineering 

The same data that was entered on Diam.................. 557 —.—— department’ ana: maintenance department 

the tag is entered on a 3-in. by 5-in. | Face „ | have a record of all pulleys that are in 
card as shown at the right in the illus- Bore E C, storage. 


tration. This card is kept in a file in 
the office of the superintendent of the 
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Mechanical Department, the office in Wood Rim Split Crown - SS Dee VAN SAA. 
which all the engineering work is Cast Iron v hole Flat RPT Fae E. Bore e 
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Whenever a pulley or other piece of Condition Gooo 
„ n en equipment is taken: from $ VV 
removed and taken to the office of the | Remarks. 
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machine shop foreman. Here the cor- 
responding part of the tag is taken 
from the office files and the two parts 
are taken to the mechanical superin- 
tendent’s office. The proper 8-in. by 
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room and in connection with benches 
along the wall away from the eylinder 
presses. The arrangement was ideal 
from a material-handling standpoint. 
Power was to be supplied to the two 


The slack side of the belt was sup- 
ported on an idler pulley, to keep 
it from dragging on the running 
side. 


sets of machines by belts from the line- 
shaft, a short overhead shaft having 
been installed to serve each group. 

The illustration shows the belt drive 
which was eventually adopted. It was 
worked out by the master mechanic 
after the direct drive which had been 
originally planned had failed from 
dragging of the belts. The room is 
nearly 50 ft. across and, as every engi- 
neer knows, the sag in a belt between 
such centers is considerable, even 
though it be stretched too tight for 
proper free running. 

The pulley (D) is the driving pulley; 
it was made as large as possible. The 
driven pulley is much smaller. A stout 
plank, (P), runs underneath for safety 
and takes care of any undue sag in the 
driving side which is, fortunately, on 
the bottom. An idler, (I), raises the 
upper or slack side of the belt free and 
clear. 

This belt drive is free-running and 
neat; it requires no attention and over- 
comes in an ingenious way the risk of 
tangling that is always present when 
two long belts touch, or the slack side 
touches the running side of the same 
belt. The are of belt contact that is 


Two variable-speed power trans- 
mission units used on a body con- 
veyor. 


These are two of 18 similar in- 
stallations in the plant of a Detroit 
automobile body manufacturer. The 
saving over the use of variable- 
speed motors on the 18 installa- 
tions is $864.54 a year as explained, 
with other advantages, in the ac- 
companying item. In the installa- 
tion at the left the motor is con- 
nected to the Reeves variable-speed 
drive, shown at the top of the 
framework, through a silent-chain 
drive. The variation in speed is 
obtained by a V-belt on two sets of 
cones. As the cones are forced 
farther apart or closer together 
the belt rides lower or higher on 
the cones and so decreases or in- 
creases the diameter of the pulleys, 
which varies the speed ratio be- 
tween them. To obtain the slow 
conveyor speed a further reduction, 
in a fixed ratio, however, is ob- 
tained through the roller-chain 
drive to the Palmer-Bee (Detroit. 
Mich.) mill-type speed reducer and 
the roller chain from it to the 
large gear in the floor which 
drives the conveyor. The installa- 
tion pictured on the right is similar 
except that it has belt instead of 
chain drives and uses a Palmer- 
Bee worm speed reducer. Most of 
the conveyors in this plant are op- 
erated at a speed varying from 13 
in. to 40 in. per min. even though 
driven by a constant-speed induc- 
tion motor. 
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obtained on both the driving and driven 
pulleys is all that could be wished. 
DoNALD A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co. 
Middletown, N. Y. 


Savings Made with 
Variable-Speed Transmissions 
on an Assembly Conveyor 


ARIABLE-SPEED transmissions 

enabled a Detroit automobile 
body manufacturer to reduce motor 
sizes 331% per cent and effected a power 
saving of nearly 1 hp. on every con- 
veyor. The savings from these sources 
totaled $864.54 a year, which was a 41 
per cent return on the investment, also 
with these transmissions, production 
can be scheduled more closely. Under 
the former method of production, 
bodies went through the shops on 
trucks, but the installation of a few 
conveyors quickly proved the economies 
which could be effected, and as a re- 
sult 12,000 ft. of conveyors were in- 
stalled. 

These conveyors handle the bodies 
during paneling, painting and trim- 
ming operations. Their use effected a 
10 per cent saving in labor, which 
meant 500 men, whose annual wages 
would be $975,000. Also, production 
was doubled with practically the same 
floor space. This saving was 250,000 
sq. ft., worth $250,000 a year, which 
brought the total saving to $1,225,000 
a year, not including interest on re- 
duced inventory. 

One of the most important factors 
in the success of a conveyor is the 
ability to control its speed accurately, 
for the speed determines the rate of 
production. For this work Reeves 
variable-speed transmissions (Reeves 
Pulley Company, Columbus, Ind.) were 
used, of a size capable of transmitting 
642 hp., at minimum and 10% hp. at 
maximum speed. The maximum speed 
variation is 3 to 1. Conveyor speeds 
range from 13 in. to 40 in. per min. 

Turning a handwheel on a transmis- 
sion unit varies the conveyor speed 
over the entire range, in steps of less 
than 1 r.p.m. The exact speed desired 
can always be obtained almost instant- 
ly. This is quite a contrast to the for- 


mer method of driving with variable- 
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speed, alternating-current motors, most 
of which were equipped with common 
rheostats giving only eight or ten 
speeds. With this system the desired 
speed was not always obtainable, and 
even when it was secured it was sub- 
ject to considerable variation as the 
conveyor load changed. Securing the 
desired motor speed was rendered dif- 
ficult by the fact that each step on 
the rheostat produced a different in- 
crement of speed. Another disadvan- 
tage of this method lay in the fact that 
the motors required considerable excess 
capacity at rated speed in order to 
carry the load at low speeds. 

By using these transmissions, these 
large, expensive, variable-speed motors 
and their rheostats were replaced with 
smaller, constant-speed motors. The 
average conveyor now uses a 2-hp. mo- 
tor in place of the former 3-hp. motor. 
This saves about $60 on each motor, or 
$1,080 on the 18 motors installed. The 
savings in depreciation, interest, and 
repairs, due to this smaller investment 
total $197.64 a year. 

There is also a saving in power, be- 
cause the variable-speed motors are 
inefficient at low speeds; the loss in 
power is estimated at 0.75 kw. per 
motor, or nearly 1 hp. This means a 
saving of $666.90 a year in power, 
which brings the total saving to 
$864.54 a year. These savings will re- 
pay the entire original cost of the 
variable-speed installations in less than 
24o-yr. The operating cost of the 18 
transmissions is only $1.22 per day, a 
trifling amount to insure maximum 
results from a conveying system which 
saves more than a million dollars a 
year. 

One of the greatest advantages of 
this transmission installation is that it 
enables production to be scheduled more 
closely. The schedule varies between 
wide limits; on some days production 
is three times as much as it is on other 
days. The transmission is set to give 
exactly the desired speed, and it will 
remain at that point. With the alter- 
nating-current motors this was impos- 
sible. Some plants vary the conveyor 
speed by changing pulleys. Obviously 
this method involves an expensive de- 
lay. It is suitable only where there is 
but one product and a constant pro- 
duction rate. 
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Some Reminiscences on 
Mechanical Repairs That Show 
| the Value of Experience 


OW we used a piece of sewer pipe 

for a pattern, in place of making 
a wooden one, is a “kink” that saved 
us quite a little money on the first 
job and more on later ones. To lead 
up to this, however, it might be ex- 
plained that the Jones Shirt Company 
asked us to make a set of new piston 
rings for their engine. The piston was 
cut and we were told that we could 
come and measure it up at any time. 
We were under the impression that 
they had been running by steam all 
the time and so we hurried up there to 
get the work under way without delay. 
Upon arriving, it was disclosed that 
the plant had been operating for some 
time with electric power. A former 
management had hooked a 50-hp. motor 
to the lineshaft which supplied power 
to sewing machines and other equip- 
ment on the two floors. It seemed that 
the motor had been installed when it 
was found that the steam engine was 
taxing the capacity of the boiler. 

This had been done in the Spring, 
when the days were long, and consider- 
able economy had been effected. Then, 
in the Fall, they had hooked up to the 
public service for lights and had never 
again checked up on their total ex- 
penditures for power, heat, and light. 
The steam engine, in the past, had fur- 
nished power to the shafting and had 
driven a lighting generator from one 
of the flywheels. Steam could not be 
dispensed with as it was needed for 
pressing, steaming, and some other 
work, one battery of machines requir- 
ing steam at 90-lb. pressure. In view 
of this latter fact, the use of some mo- 
tive power other than an engine should 
not have been undertaken without ex- 
haustive proof of the need. 

A new manager had investigated 
and found that his public service bills 
for light and power were relatively 
high. He found also that the boiler 
had a surplus capacity ‘way beyond 
what was needed for heating purposes 
upstairs, and he was keeping a skilled 
man merely to attend the boiler. So, 
after quizzing some of the men who 
had known of former conditions in a 
general way, he had the piston re- 
moved for investigation and found 
what he had suspected: namely, that 
the amount of steam required for the 
engine had been due to leakage past 
the piston rings. 

The engine cylinder was 9 in. by 
12 in. There were two steam rings 
with the usual flat-lap rings of %-in. 
square cross section. In their natural 
position, outside of the cylinder, the 
rings calipered hardly 9%, in. and 
there was a %-in. notch at the lap, 
poorly fitting. It was little wonder 
that the steam had blown by. Rings 
for a 9-in. cylinder should measure 
9%, in. before compressing, in order 
to have the necessary spring to keep 
them steam tight. 

A 9-in. cylinder was something that 
we had never fitted before and we had 
no pattern for the rings; nor could we 
find anyone else who had; nor could 
anything we had around be doctored 
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up for this purpose. The manage- 
ment wanted two extra rings made at 
the same time. That meant a pattern 
about 5-in. long. The cost of making 
such a pattern was out of proportion 
to the rest of the job and some other 
way was sought. It ended in using a 
piece of sewer pipe. 

We found that 8-in. sewer pipe meas- 
ures just 8 in. inside and that the out- 
side diameter is 99446 in., both by shrink 
rule. This was exactly what we would 
have made our wood pattern, had we 
been forced to it. We bought a length 
of this tile pipe for 28 cents (a length 
that had a broken bell end) and cut 
off a section about 9 in. long, using a 
chisel for nicking all around, breaking 
off our piece, and then grinding the 
ends fairly smooth. 

This was our pattern. We had pur- 
posely cut a piece longer than was ab- 
solutely necessary in order to give the 
molder something to handle in lifting, 
and to avoid the almost certain break- 
age had we attempted to cut off a ring 
only about half as long. 

The only fault with the ring as cut 
off was its roughness. This roughness 
is found on all clay products of this 
sort, but in somewhat exaggerated 
form on tile pipe. These pimples all 
over the surface could not be filed off— 
glass hard from the kiln—and we had 
no good way of grinding them and 
actually bettering the surface. The 
piece was given to our machine painter 
with instructions to “apply three thick 
coats of machine filler today and sand- 
paper inside and outside smooth to- 
morrow morning.“ He did—and we had 
the nicest kind of a pattern. And not 
long after we had a call for the same 
size ring from some one else. 

As there are many engines of the 
9-in. bore in use, this kink will be of 
value to others who are faced with 
the problem of a cheap pattern that 
must be charged against the one job. 
The total amount of labor on this pat- 
tern was one hour, exclusive of the 
trip to the tile yard. The fact that 
the tile pipe is measured on the inside, 
and runs close to the nominal size, 
makes other sizes available for piston 
ring patterns. Note that the machined 
sizes required in the above case were 
9%; in. and 8% in. and that the tile 
diameters leave just a nice amount of 
metal to cut off. The inside diameter 
of the blank comes a little smaller from 
the jarring a molder gives the pattern 
to loosen it from the sand. 

This is an illustration of one of those 
cases which are in the minority—where 
steam is cheaper than electricity. If 
the engine and generator had not been 
on hand, the case might have been dif- 
ferent, but both had been put in years 
before and were still in splendid con- 
dition—a N. Y. Safety Steam Power 
engine and a Triumph (Chicago) light- 
ing generator. There are many indus- 
tries that require steam for processes 
but not many that have to use high- 
pressure steam; when they do, and 
when there is sufficient boiler capacity, 
the matter of steam power should be 
thoroughly considered before changing. 

This is also an illustration of the 
high cost of taking some one’s word 
without investigating. Some ex-en- 
gineer had reported that the engine 
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used so much steam or that it cost 
more for steam than it would for elec- 
tricity, all without knowing why so 
much steam was used. The manager, 
it must be said in his defense, had 
taken the man’s word for it, thinking 
he was competent and not having the 
time or the knowledge to prove things 
for himself. More than that, he was 
used to electric power and knew its low 
cost and freedom from attendance 
charges; hence he bought a motor for 
the plant. Not until the new manager 
came along, with either more time or 
more determination to dig into the 
facts, did the real state of affairs come 
to light. 

The writer ran across a parallel case 
some time back when measuring for 
piston rings in a piano factory. The 
steam engine ran lineshafts on the 
lower floors and drove a generator sup- 
plying power to motors on the three 
floors above. What was his surprise, 
on taking the piston out of the engine, 
to find that there were no rings in it 
at all. When the superintendent was 
called in, he explained that six years 
before they had paid (and paid well) 
to have the engine overhauled and new 
rings had been one of the stipulated 
jobs. Both this man and the proprietor 
doubted the writer’s word that rings 
were supposed to be in the slots. They 
thought that the bull ring was the nec- 
essary part. 

However, there had been a great deal 
of steam used and permission was 
forthcoming to make up the split rings. 
In due time they were installed, the 
work being done at night. Early the 
next morning, there was a phone call 
from the proprietor to say that every- 
thing was fine and the thing which 
had worried him most was entirely 
remedied, this being the great amount 
of steam that had gone out of the 
exhaust. 

In these electrical days we are so 
used to snapping a switch or pressing 
a button that we are stuck when some- 
thing puts electricity out of our reach. 
There was a plant not far from us 
that was located along a good stream. 
They had their own hydro-electric sys- 
tem furnishing power to machines lo- 
cated on different floors. They also 
had a pair of boilers for steam pur- 
poses and there was a steam engine 
standby that could be belted to the gen- 
erator if necessary. It hadn’t been 
necessary for several years, but at last 
a Wrought of several months’ duration 
made the engine necessary. The handy 
man around the plant had been in- 
structed to get things ready and he 
had oiled up, put a wrench on all the 
bolt heads one way or the other (in- 
cluding the eccentric and the valve 
stem) and was ready to start. His 
way of starting, and of getting the 
right direction of rotation, was to have 
some one turn the engine over while 
he gave her steam—then, “whichever 
way she was started she would go.” 
Well, she went the wrong way for the 
generator and two men on the flywheel 
couldn’t make it go the other way. 
That’s how we came to get a hurry call 
to come and adjust the engine. 

DonaLp A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co. 
Middletown, N. Y. 
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In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 
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Novel Use of Revolution Counter 
in Winding Coils 


ECENTL the writer had occa- 
sion to call into use a unique ar- 
rangement which may prove interesting 
to some of the other readers of 
INDUSTRIAL ENGINEER. 

A certain job called for the rewind- 
ing of a circular field coil of quite large 
dimensions. It was necessary to have 
exactly 1,035 turns of wire on the coil. 
Anyone who has had experience in 
winding circular field coils knows the 
impracticability of counting the turns 
as they go. There are various reasons 
for this; the shape of the coil for one 
and the great number of turns for an- 
other. The method used by the writer 
was as follows: 

The head of a %-in. by 12-in machine 
bolt was cut off. This headless bolt 
was securely locked in a lathe chuck 
and the coil form placed on it as on a 
shaft. The form was locked on its 
shaft by means of a %-in. hexagon 
nut. Next, a center was drilled into 
the end of the bolt. A revolution coun- 
ter was then clamped in the tool post, 
horizontally, so that its contact point 


---Lathe Chuck 
Cort form 
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1 Counter 


The revolution counter was held in 
the tool post of the lathe, with the 
end against the shaft supporting 
the coil form, to record the number 
of turns wound on the coil. 


fitted snugly into the center of the bolt. 
This arrangement registered every turn 
of the form, allowing the winding to 
be done at greater speed than would 
otherwise have been possible, with a 
consequent saving of time on the job. 
Maurice M. CLEMENT. 
Long Beach, Calif. 


Composition and Ageing of 
Insulating. Varnishes 


T HAS been shown that during the 
natural oxidation of oil varnishes 
for a period of time the resistance of a 
varnished insulation may decrease. 
This decrease in resistance is the result 
of formation, by oxidation, of low- 
resistance materials, chiefly acids of 
lower molecular weight which are 
volatile and form conducting solutions 
with water. 

A number of factors influence the 
amount of these low-resistance mate- 
rials very markedly and in making an 
examination of varnishes for insulat- 
ing purposes the test must be made 
under fixed conditions, in order to ob- 
tain comparative values. The results 
to be described were obtained by taking 
cotton strips, standard insulating tape, 
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and dipping unit lengths of this tape 

(one meter) into the varnish and al- 
lowing them to drain. Under these con- 
ditions the average insulating varnish 
has become air dry in 48 hr. and some 
of them in 24 hr., as shown by the 
stoppage of weight loss due to evapora- 
tion and the physical condition of the 
tape. The various varnishes yield a 
varying quantity of varnish gum de- 
pending on the nature of the varnish. 
In carrying out the examination for 
acidity a check is, therefore, obtained 
on the rate of drying and the body of 
the varnish. 

Enough strips were prepared so that 
a sample could be taken on successive 
days over a period of time. Certain 
of the samples were exposed to the air 
at normal temperatures while a cor- 
responding number of samples were 
baked at 100 deg. C. (212 deg. F.) in 
order to obtain a comparison of the 
effects produced. 

Inspection of the results showed two 
things. First, that the amount of 
acidity formed is really a function of 
the time, increasing as the oxidation 
progresses. Other results indicate that 
for most varnishes the oxidation in- 
creases up to 96 hr., but after that it 
is practically complete, where we have 
a thin film. The second fact shown is 
that the values are really characteristic 
for the particular varnish. While the 
quantity increases with time, the order 
of the different samples remains essen- 
tially the same so that, for purposes of 
comparison, a 48-hr. test period is as 
good as a 96-hr. period. 

The table of results was obtained 
on especially-prepared samples of var- 
nishes. There were over 30 samples 
of known composition and a large num- 
ber of tests were made so that the 
average results quoted here give a 
reasonably accurate picture of the true 
relations. The values given under “oven 
dried” were obtained by baking for a 
short time (4-5 hours) at 95 deg. C. 
Continued baking would of course 
finally remove the greater portion of 
the low-resistance materials. The 
initial effect is to hasten their forma- 
tion. 

Inspection of these results shows 
that so far as the oils are concerned: 
(1) Linseed oil varnishes are the most 
acid. (2) Chinawood oil varnishes de- 
velop less acidity than the linseed oil 
varnishes. (3) With the same oil the 
acidity developed is greater, the greater 
the percentage of oil. 


Research Department. H. C. P. WII. 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


Results of Tests of Insulating Varnish Showing 
Acid Content That Forms Conducting Solutions With Water 
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How to Put Odd Bits of Solder 
Into Usable Form 


HE bits of solder which collect 

about the shop may be saved by 
melting them up and pouring them in 
some sort of mold. A simple and inex- 
pensive mold which will give strips of 
solder of convenient size can be made 
in a moment from a piece of ordinary 
tongue-and-groove board, which has a 
groove about % in. wide and % to % 
in. deep. 

Clamp one or more of these boards, 
which may be three feet long or any 
convenient length, approximately level 
in a vise. The sides of the grooves 
should be greased or oiled in order to 
prevent the solder from sticking in the 
groove after it cools. Press a small 
piece of putty or clay on each end of 
the groove so as to form a sort of 
trough. This may then be filled with 
the molten solder poured out of a ladle. 
When cold the strips of solder can eas- 
ily be removed from the groove by 
turning the board upside down and tap- 
ping one end on the bench top. The 
strips of solder may then be cut into 
convenient lengths with a pair of pliers. 
Oakland, Calif. S. H. SAMUELS. 


— 


Eddy Currents Cause of Trouble 
with Armature Bands 


OME time ago I was called upon to 
repair an armature on which the 
bands had loosened up and the coils 
been thrown out of the slots, damag- 
ing the fields so that they, too, had to 
be rewound. This armature belonged 
to a 25-kw., 2-pole, 110-volt, turbine- 
generator which was used on a boat. 
After the armaturé was rewound it was 
banded with No. 12 steel banding wire, 
as shown in (A) of the illustration. We 
made two bands across the core, one on 
each side of the vent space, with the 
wide band on each end to hold the ends 
of the coils down. After the fields 
were rewound the generator was as- 
sembled and worked satisfactorily, al- 
though we had to excite the fields, as 
they had lost their residual magnetism. 
Nothing more was heard of the job 
until the management of the boat line 
told us one day that the bands had come 
off again. Upon asking the engineer 
how the generator behaved he said that 
it had failed to build up and that he had 
run the turbine about 1,000 r.p.m. over- 
speed in trying to bring the voltage up 
to normal. Consequently, we blamed 
the high speed as the cause of the 
bands breaking. 

The armature was again taken out 
and the coils retaped and put back into 
the slots. The fields had to be re- 
wound again because the loose wire had 
ripped them to pieces. After the arma- 
ture was finished it was banded as 
shown in (B), using more clips to in- 
sure against breaking the bands at high 
speed, and also splitting the bands in 
two, as shown. After running three 
days three of the bands came off again, 
leaving one on the core. In none of 
these instances had the end bands let 
loose. 


After looking the remaining band 
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over carefully we noticed that all of the 
solder was melted off the clips and 
wire; so we came to the conclusion that 
the bands were being heated up by eddy 
currents which were induced in them. 
The temperature was thus raised high 


Band, Core. y Band 


A 


3 8 
2 
2 pos 
a 
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RREA Bands split in two 
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E Wide band on coil ends 
Wide bands, as in A and B, heated 
up sufficiently to melt the solder 
and come off. When they were re- 
placed with eight narrow bands, C, 
this trouble was eliminated. 


enough to melt the half-and-half solder 
which had been used on all of these 
jobs. 

As the coils had not been damaged 
this time, eight small bands of about 
five turns each were put on, as shown 
in (C), and the armature has operated 
satisfactorily ever since. 


Milwaukee, Wis. E. KALEN. 


Turning an Ice Machine Shaft 
Without Removing It 


LARGE brewery with three ice 

machines has a complete machine 
shop and some good mechanics, but this 
particular repair job required more 
equipment than they had and so a con- 
tract machine shop was called on for 
expert assistance. The split-type fly- 
wheel of this machine weighed six tons 
and was driven by a 1%-in. key. The 
bolts at the hub had not been kept tight 
enough and the wheel had been work- 
ing on the shaft for years, although the 
“engineer” had not noticed this because 
the wheel always went around and it 
did not shift endwise. Under the new 
regime, the “mysterious pound” in the 
machine had been located and found to 
be past correction; so the wheel was 
taken off. 

Inspection showed that it would be 
best to get a new wheel and have it fit 
the shaft size after the latter was 
turned off approximately % in. below 
the original diameter of 10 in. The 
factory was given an order for a new 
wheel with the information that the 
shaft size would be forthcoming. It 
was decided to turn the shaft in place. 
A survey showed the shop man that a 
length of 16 in. was to be turned on a 
section over the pit and between an 
engine main bearing and the outboard 
bearing. 

The plan that was adopted was to sus- 
pend a slide ahead of the shaft, in this 
section, and turn with a tool held in a 
carriage on that slide. In this case, the 
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slide was the cross-rail from an 18-in. 
planer in the machine shop. This cross- 
rail was 80 in. long over all and the 
head with its toolpost provided means 
for moving and adjusting the tool both 
ways. A feed of 24 in. was possible, 
which was enough to get the desired 
position without interfering with the 
mode of suspension employed. 

A pattern was made and two cast- 
ings secured, which were placed on the 
two adjacent pillow blocks (from which 
the caps had been temporarily re- 
moved), after each casting had been 
drilled to pass over the two studs. At 
the outboard bearing, the cap was left 
off and the nuts screwed down tightly 
on the cast-iron bracket. At the main 
bearing, the casting was thinned down 
so the cap, when replaced, could be 
bolted to the proper fit on the shaft; 
afterwards, thin wedges were driven in 
to steady the bracket. 

These brackets were made with a 
drop, or offset, that made a floor some 
distance below the horizontal center of 
the shaft upon which the cross rail was 
laid and to which it was bolted. This 
position was such that the tools would 
come the proper height for cutting the 
shaft. 

The weight of the shaft was sufficient 
to keep it.in place against the light cut, 
even if there had not been the one cap 
over it. The cross rail had been located 
on the side where the shaft ran “down” 
and against the top of the tool. For 
actual cutting, a speed of 20 r.p.m. was 
obtained by throttling the engine. 

It took all of one day to do the actual 
turning of this shaft. The roughing 
cuts were used to check the parallelism 
of tool travel with the shaft’s axis; be- 
fore the final cut was taken, this had 
to be assured, because there could be 
no filing of the shaft to “touch up” 
when there was that keyway to bump 
the file every time around. 

When completed, it was a first-class 
job and the cost was but a fraction of 
what it would have been had it been 
necessary to strip the machine and re- 
move the shaft to a shop with lathes 
big enough to turn it. 

Instead of sending the ice machine 
makers the size of the shaft in inches, 
a gage was sent to them, carefully pro- 
tected in a box on its thousand-mile 
trip to Milwaukee, Wis. This gage was 
made of a piece of %-in. by 2-in. black 
steel, forged half round, and fitted over 
the newly turned shaft—it was thought 
best to do the measuring this way and 
let the makers transfer the size as they 
chose. 

In fitting this gage to the shaft, it 
was carefully filed out between the 
rounded points until it would pass over 
the shaft without feeling it touch, but 
so that it could be felt touching when 
a piece of newspaper was held on one 
side. For the final fit, the gage was 
immersed for 20 min. in a tub of water 
kept at 80 deg. F. by turning steam 
into it. The temperature at the time 
of fit and the method of gaging the 
feel of the fit were given to the build- 
ers. The wheel, when it was put in 
place, was so perfect a fit that the care 
spent in the work was fully justified. 

: DONALD A. HAMPSON. 
Plant Superintendent. 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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What Voltage 
Should Be Used for Testing the 
Insulation of Motors? 


HE question of high-potential 

testing of motors and generators 
has always been a bone of contention. 
N. L. Rea, engineer in the Contract 
Service Department of the General 
Electric Company, in discussing this 
question in Power, points out that some 
operating engineers believe in periodic 
high-potential tests. In this connection 
he expressed his opinion as follows: 
They claim that they can thereby locate 
faults and make needed repairs with- 
out serious damage or delays. Others 
claim that every time the insulation on 
any equipment is overstrained part of 
its life is taken away. I am inclined 
to the latter belief. How much the life 
is reduced cannot, of course, be deter- 
mined, but it is certain that a heavy 
strain does not do the insulation any 
good. 

We ordinarily think of double volt- 
age or higher when we speak of high- 
potential testing. This is all right for 
the new machines in the factory, which 
are clean and dry. It is altogether a 
different proposition with old machines. 
Many an old machine with years of 
satisfactory service ahead would have 
to be completely rewound after a 
standard A. I. E. E. high-potential 
test. 

It is my belief that an old machine 
that has been thoroughly cleaned and 
varnished, should have a potential test 
to ground of the normal voltage. This 
would be about 25 per cent higher than 
the strains under ordinary operating 
conditions. This test can also be used 
on machines that are under suspicion, 
say after a heavy short-circuit on the 
generator cables or switches, a run- 
away, a bad shot in synchronizing or 
the like. 

If a high-potential test is made, be 
sure the testing transformer is large 
enough. Many a man has fooled him- 
self and others by using a 200-watt 
instrument transformer to give a big 
armature a high-potential test and 
multiplied the low-voltage reading by 
the name-plate ratio. If you want to 
kid yourself, this is a nice and safe 
way to do it. A large armature is a 
first-class condenser, and the charging 
current may require 20, 30, or even 50 
kva. 

When in doubt it is safer to get 
advice from the manufacturers of the 
machines in question. They are 
always glad to give advice and sugges- 
tions. 

The use of a spark gap to measure 
the voltage should be avoided if pos- 
sible. It’s a good idea to use a spark 
gap as a safety valve, but it is better 
to use a small transformer across the 
high side of the testing transformer and 
read the voltage from the low side of 
this small transformer. This discharge 
of the spark gap may set up oscillation 
and cause a higher voltage than de- 
sired or indicated. 

The use of kenotrons to rectify al- 
ternating current to direct current 
gives a means of high-potential testing 
with a very small amount of electrical 
energy. 

This method, however, is in an experi- 
mental stage, and alternating current 
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will probably be available and used in 
the majority of cases for some time to 
come, 


Improper Connection of Motor 
Field Winding 


A STANDARD electric railway car 
motor had been temporarily ap- 
plied to a hoisting job and on being re- 
tired from this duty it was overhauled 
on account of being oil-soaked. After 
it was overhauled it looked good but it 
would not run. The usual tests were 
applied for open-circuits, grounds and 
short-circuits; none could be found. 


- -j 


The coils were composed of two 
sections which were connected so 
that they bucked each other, A. 
The correct connection is at B. 


The armature was then removed from 
the frame, the frame closed, current 
passed through the field coils and the 
polepieces tested for polarity with a 
compass. The compass gave indications 
no one could understand. On trying the 
polepieces with an iron bolt, the pull on 
the bolt was suspiciously weak although 
full-load current was being passed 
through the field coils. This suggested 
that all of the coils were short-circuited 
—which was an unlikely condition. 

The machine was sent to a repair 
shop to be investigated and its action 
related to the investigator. Full-load 
current was passed through the field 
circuit and the voltage drop taken on 
each coil. All of the drops were the 
same and about what was to be ex- 
pected in value. As this eliminated the 
short-circuit idea, all of the insulation 
was ripped off the coils in order to in- 
spect them. 

The inspection disclosed the trouble. 
Each coil was composed of two simi- 
lar sections of flat copper insulated with 
asbestos. Section (2) was to be placed 
on top of section (1), the inside ends 
then being clipped together. In the il- 


‘lustration (A) shows how the sections 


were connected, the two sections being 
shown alongside each other. By fol- 
lowing the arrow heads it will be seen 
that current entering through either 
outside lead will circulate around the 
two sections in opposite directions. On 
turning the second section over before 
laying it upon the first section is pro- 
duced the condition indicated in (B). 
It will be seen that current entering the 
free end of either section, will circulate 
around both in the same direction. 
Brooklyn. N. Y. J. A. Horton. 
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Changing Two-Phase Motor for 
Three-Phase Operation 


NE of the small townships in 

Michigan recently changed the 
generating equipment from two phase 
to three phase and in changing over 
motors in local plants to meet the new 
line conditions some interesting situa- 
tions were encountered. 

One case involved a 2-hp., 220-volt, 
two-phase, 5-amp., 1,800-r.p.m., four- 
pole, sixty-cycle motor that had thirty- 
two slots and coils, each coil consisting 
of forty-two turns of one No. 18 d.c.c. 
wire, pitch 1l-and-8, connected two- 
parallel. , 

Now, thirty-two coils will give a bal- 
anced, equal coil grouping for four 
poles, two phase, as there are sixteen 
coils per phase, or 32 (2 K 4) =4 
coils in series per pole-phase group; 
but for three phase four poles, the 
grouping will be unequal and the coils 
per phase will be unequal, as 
32 —3 11 plus 11 plus 10 coils per 
phase, which will not do for a stator 
winding. 

Then in order to obtain an equal 
number of coils per phase, two coils 
will have to be killed or left out ,mak- 
ing a total of thirty coils, which will 
necessitate calculating the three-phase 
winding to compensate for the lost 
turns. 

The series-delta, three-phase line 
voltage, using the same turns per coil, 
would be [(2 X 2 X 220) + 3] X 1.06 = 
310 volts, but a series-star connection 
is preferable in this case, as there will 
be unequal grouping and two coils left 
out. Then the series-star line voltage 
would be 310 X 1.73 = 536 volts. To 
develop 536 volts, there would be 
(32 X 42) — 3 = 448 turns per phase, 
and for a three-phase, 220-volt, series- 
star connection there would be required 
220 — 536 = X — 448 turns per phase; 
or (220 X 448) + 536 = 183 turns, and 
with ten coils per phase there would be 
183 — 10 = 18.3 or eighteen turns per 
coil. By figuring the turns per phase 
as above, the turns lost in the two coils 
are compensated for. 

With 5 amp. per terminal and a two- 
parallel connection the current per coil 
was 24% amp. One No. 18 wire has an 
area of 1,624 circ. mil, and at 2% amp. 
there were 1,624 —- 2.5 = 650 circ. mil, 
per amp. The three-phase, 220-volt, 
2-hp. current rating would be approxi- 
mately 6 amp. and with a series-star 
connection this would also be the cur- 
rent per coil and with 650 circ. mil per 
amp. there would be required 650 X 6 
— 3,900 circ. mil. The wire size clos- 
est to this is No. 14, with 4,106 circ. 
mil. Trying a slot full of thirty-six 
No. 14 silk-covered-and-enameled wires 
it was found that there was enough 
room for this winding. 

The three-phase winding then con- 
sisted of thirty coils, each coil contain- 
ing eighteen turns of one No. 14 silk- 
covered-and-enameled wire, pitch 
1-and-8, connected series-star, ten coils 
per phase with six groups of two coils 
and six groups of three coils arranged 
as follows: (2-3-2) (3-2-2) (3-3-2) 
(3-2-3). 

After winding and testing the motor 
ran satisfactorily and was evenly bal- 
anced in all three phases. 


Wilkinsburg, Pa. A. C. Ror. 
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What Happens Dur- 
ing Single Phasing 


(Continued from page 187) 
No-voltage releases do not protect 


against single-phase operation. For 
even though one wire is opened, the 
motor itself will maintain voltage on 
that wire, so that failure of voltage 
of any phase does not occur if a 
motor is connected to it. Instances 
are on record where one wire of a 
factory supply has been interrupted 
at the source, and the motors of the 
plant kept that wire energized so 
that there was always three-phase 
power around the plant as long as 
some motors were running. Motors 
could be started three-phase; all 
three voltages were present, although 
badly unbalanced; and no one knew 
that one phase was open until the 
motors began to burn out. If all the 
motors in the plant had been shut 
down at the same time, the third 
wire would have lost its potential 
and the motors would not have 
started again, but as long as some 
motors were running, they acted as 
phase converters and supplied the 
idle wire. 


Epitror’s Nore:—Special acknowledg- 
ment is made to the following companies 
for their kindness in furnishing information 
and some of the illustrations accompany- 


Single-phase and overload protec- 
tion device made by the Condit 
Electrical Mfg. Company of South 
Boston, Mass. 


In the lower illustration is shown a 
motor starter which is arranged for 
thermal relays. The thermal relay, 
shown in the upper illustration, has a 
thermal element which is acted upon 
by the motor line current and in case 
of abnormal load will break a control 
contact, thus stopping the motor. 
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Time element overload relays are 
another form of protection used to 
prevent single phasing. 


Such relays may be set to trip at 
full-load, motor line current and yet 
take care of momentary overloads with- 
out tripping. At A is shown the across- 
the-line starter made by the Industrial 
Controller Company of Milwaukee, Wis. 
The inverse time element relays are 
located in the lower left- and lower 
right-hand corners of the starter. The 
inverse-time element is secured by 
means of oil dashpots. At B is shown 
the time element relay used by the 
Moniter Controller Company of Balti- 
more, Md., in its larger starters. The 
time element in this relay is also se- 
cured by means of an oil dashpot. C 
is a semi-automatic resistance starter 
made by the Allen-Bradley Company 
of Milwaukee, Wis. The time element 
relays used for overload and lost-phase 
protection are shown at the lower left- 
and lower right-hand corners of the 
compensator. An oil dashpot is also 
used in this relay to give the time 
element. D shows the time element 
relay used by the Electric Controller 
& Mfg. Company of Cleveland, Ohfo, 
in their larger starters. This relay has 
two coils and two dashpots; one for 
each phase. 


ing this article: The Automatic Reclosing 
Circuit Breaker Co., Columbus, Ohio; Allen- 
Bradley Company, Milwaukee, Wis. ; Condit 
Electrical Manufacturing Company, South 
Boston, Mass.; The Cutler-Hammer Manu- 


facturing Co., Milwaukee, Wis.; The Elec- 
tric Controller & Manufacturing Co., Cleve- 
land, Ohio: Federal Electric Company, Chi- 
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cago, III.: General Electric Company. 
Schenectady, N. Y.; Industrial Controller 
Company, Milwaukee, Wis.; Monitor Con- 
troller Co., Baltimore, Md.; The Rowan 
Controller Co., Baltimore, Md.: Sundh Elec- 
tric Co., Inc., Newark, N. J.; ‘Westin house 
Electric & Mfg. Co., East Pittsburgh, Pa. 


Short-Center Belt 


Drives 


(Continued from page 172) 


per inch of belt width should be be- 
tween 32% and 84% lb. when running 
at the calculated belt speed of 4,000 
ft. per min. for this drive. We have 
a single-stage compressor doing inter- 
mittent duty; so we may take a value 
about halfway between these two ex- 
tremes as explained in note 4 of Table 
I. We will choose a value of 50 lb. per 
in. of belt width. Our driving pulley 
diameter of 13% in. is about the mini- 
mum recommended for double-ply belt- 
ing; hence we could use either single 
or double belting with about equal ad- 
vantage. 

If we use standard double-ply belt- 
ing, the belt width will be equal to 
(horsepower C33, 000) - (belt speed cef - 
fective tension per in. width) = (7. 2 
33,000) — (4,010 X50) =1.2 in. 

This is a ridiculously narrow belt 
for double-ply e nE: We will use a 
single-ply lt of double the width 
worked at 25 Ib. effective tension per 
inch of width. Since a 2.4 in. belt is 
an odd size, we will use one 2%-in. 
wide. Our effective pull will be equal 
to the belt width times the effective 
pull equals 2.4X25=60 lb. This gives 
an effective tension per inch of belt 
width of 24 lb. 

Referring to Table I and notes 8, 9, 
10 and 11 under it, we find that for a 
belt speed of 4,000 ft. per min. the 
slack-side tension should be somewhere 
between 60 and 30 per cent of the ef- 
fective tension. Since this is a single- 
stage compressor and will run intermit- 
tently (see note 9), we will choose a 
value of 59X1.5=68 per cent. Hence 
our static or slack-side tension will be 
68 per cent of the effective tension or 
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0.68<60=41 lb., or 16.5 lb. per in. of 
belt width. 

We will now make our layout as 
shown in Fig. 6. A.B; will be equal 
to C.D, and they are both equal to 41 
Ib. as we have just determined. Com- 
pleting the graph as shown in the dia- 
gram, we find that O- E. measured to 
the same scale as the other lines, will 
equal 58.75 Ib. This is the ih ol of 
the idler and that part of the fittings 
supported thereby. 

he rods RO are made of cold-rolled 
steel, or in this case pipe would do as 
well. Suppose a computation places 
the total weight of the two rods at 7.5 
lb. The shaft for the idler pulley and 
the connecting fittings will weigh 5 lb. 

The weight other than the idler pul- 
ley to be supported by the belt will be 
half the weight of the rods, that is, 
8.75 lb. plus the weight of the shaft 
and fittings (5 lb.) or, a total of 8.75 lb. 
Hence the net weight of the idler pul- 
ley would be 58.75-8.75=50 lb. 

It would be best to make this idler 
pulley about the same diameter as the 
motor pulley, but since we are using 
single belt on a pulley large enough for 
double belt, it will be satisfactory to 
have the idler 10 in. or 12 in. in diam- 
eter or even smaller if a suitable pat- 
tern is in s : 

Suppose that instead of the direct- 
current motor used in the previous 
example we wish to use a squirrel-cage 
induction motor and start it across the 
line so as to use a cheap form of auto- 
matic starter for starting and stopping 
the compressor in maintaining an ap- 
proximately constant air pressure. Let 
us see how this will affect our layout. 

Our load is 7.2 hp. We must use 
either a 5-hp. or 732-hp. motor, since 
standard motors are not available in 
intermediate sizes. A normally-rated 
5-hp. motor (40-deg. temp. rise) would 
scarcely carry this load unless we could 
be certain that conditions would be such 
that the motor would operate only a 
very few minutes in each hour. Even 
then if we decided to use a 5-hp. motor, 
we would be obliged to use a thermal 
relay, or some similar device to pro- 
tect the motor, if due to a leak in the 
piping, the compressor were called up- 
on to operate more or less continuously 
in order to keep the pressure up in the 
receiver. We will use a standard 7%- 
hp. motor. We know that it will stop 
and start very many times per day. 

First we make a complete computa- 
tion for running conditions which will 
be identical with that given in the pre- 
vious example. Next, we must make a 
complete computation for starting con- 
ditions. The manufacturer informs us 
that his motor will exert a breakdown 
or maximum ranning. torque equal to 
250 per cent of full-load torque. It 
is necessary when obtaining this infor- 
mation from the manufacturer, to make 
it plain that you desire not the mini- 
mum starting torque for the type of 
motor, but the actual starting torque 
for the particular size and speed of 
motor in question. If the motor is 
likely to be operated at higher than 
nameplate voltage, it is necessary to in- 
crease the manufacturer’s figure for 
starting torque by 2 per cent for each 
1 per cent of overvoltage under which 
the motor is likely to start. This 
torque will be exerted while the motor 
is starting as it passes through about 
75 per cent of full-load speed, that is, 
at a belt speed of approximately 3,000 

ft. per minute. 
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Fig. 7—Method of lubricating the 
idler pulley. , 
If a tube, drilled full of holes as 
shown, is interposed between the 
idler bore and the shaft, the holes 
will soon fill with grease from the 
grease cup located as shown in Fig. 
1, and will make it necessary to 
lubricate the idler only at long in- 
tervals. : 


From our previous calculation we 
found that the effective pull was 60 lb.; 
hence for this design we must make a 
design for 250 per cent of 60 Ib. which 
equals 150 Ib. effective pull at 3,000 ft. 
per min. 

From Table I, and notes 2, 3 and 4 
following it, we decide that 60 lb. will 
be a reasonably effective pull per inch 
width of standard double-ply belt. So 
narrow a double belt as we are consid- 
ering would probably be light double- 
ply rather than standard double-ply. 
This, according to Table I, would call 
for a stress of 75 per cent <60=—45 lb. 
per inch of width. 

Our motor pulley diameter will allow 


Fig. 8—Short-center drives are 
just as effective on small units as 
on the larger drives. 


A 3%-hp., two-speed, 600-1200- 
r. p. m., squirrel-cage induction motor 
drives the foundry fan shown at the 
right of the illustration through a 
4-in. belt. Both the idler and motor 
pulleys are 12 in. in diameter, while 
the driven pulley is 36 in. in diam- 
eter. To secure the most effective 
weight of the idler, which would 
give the proper belt tension for the 
load carried and still not unneces- 
sarily overload the belt, it was nec- 
essary to use a wooden pulley for 
the idler. 
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5 to use either single- or double-ply 


t: 

For standard double-ply belting, the 
belt width would be equal to (horse- 
powerX33,000)—-(belt speedXeffective 
tension per inch of belt width). Since 
the motor will exert a maximum run- 
ning torque of 250 per cent, the horse- 
power used will be 7.5X2.5=18.75. Ref- 
erence to Table I will show that with 
light double-ply belt we should use 75 
per cent of the effective tension per 
inch of belt width that we would use 
for a standard, double-ply belt and 50 
per cent of the effective tension for a 
single-ply belt. Hence, substituting 
these values in the formula we find 
that the width for a light double-ply 
belt will be (18.75X83,000) -—(3,000X 
600.75) =4.6 in. For a single-ply belt, 
the width will be equal to (18.75 * 
33,000)-—(3,000 X 60 X 0.50) = 6.87 in. 
For a standard double-ply belt, the 
width will be (18.75 K 33, 000) (8, 000 
X 601.0) 3.44 in. It is likely that 
the width of face on our compressor 
pulley is less than 7 in. If this is the 
case, there is no alternative but to use 
a 4.5-in. light double belt or, if we 
choose, a 3.5-in. standard double belt. 

As referred to in notes 6, 7 and 8 of 
Table I, we should use column C, of 
Table I in determining the slack-side 
tension. Referring to this column, we 
find that the slack-side tension for a 
belt speed of 4,000 ft. per min. should 
be 25 per cent of the effective pull. 
Our effective pull we have just found 
to be 150 lb. Hence our slack-side ten- 
aon will be 0.25X150=37.5 Ib., say 


Now for our layout. We can use 
the same layout as before in Fig. 6. 
We must, however, use a different scale 
in measuring it—a scale of 38/33 times 
that used previously. Completing the 
graph we find that the necessary 
weight of idler, shaft fittings and half 
the rods will be 54 lb. The net weight 
of the pulley necessary would then be 
45.25 lb. 

In this case we see that both belt 
size and pulley weight must be deter- 
mined from starting conditions. If an 


example had been selected with ex- 
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tremely high belt speed, we would have 
found that the size of belt was deter- 
mined by the starting conditions and 

me pulley weight by the running con- 
itions. 


A simple and reliable method of 
lubricating the idler pulley is essen- 
tial. Grease is generally used for 
this purpose. An excellent method 
is to drill the idler shaft, put a 
grease cup on the end as shown in 
Fig. 1, and drill several holes, say 
three, at three points along the 
shaft. If a tube drilled full of holes, 
as shown in Fig. 7 is interposed be- 
tween the idler bore and the shaft, 
the holes will soon fill with grease, 
and will make it necessary to lubri- 
cate the idler only at long intervals. 

On small fan drives and the like 
where the loads are less than 50 
hp., the required weight of idler fre- 
quently figures out so low that a 
cast-iron pulley of suitable diameter 
and width cannot be designed. In 
such a case a paper or wood pulley 
as shown in Fig. 8, will generally 
solve the problem at lower cost even 
than a cast-iron pulley. Order it 
without keyway for such pulleys are 
ordinarily stocked with keyways, and 
the keyway offers a path for the 
grease to work out without doing 
its duty. 

Do not make idler pulleys too 
small. A small idler pulley will, it 
is true, allow a slight increase in 
arc of belt contact, but the sharp 
reverse bend is hard on the belt. 
The idler pulley should be at least 
as large as the driving pulley. 
Where the driving pulley is near the 


INDUSTRIAL ENGINEER 


lower limit for thickness of belt, the 
idler pulley may well be 10 to 20 
per cent larger, even at some sacri- 
fice of the arc of contact of the belt 
on the driving pulley. 

I need hardly mention that in 
making the original layout to deter- 
mine relative location of motor pul- 
ley, angle of hinge rods, size of idler 
pulley, and the like, it is well to 
sketch in the idler pulley at the posi- 
tion which it will occupy after tak- 
ing up on the belt. If the idler pul- 
ley will strike the driving or driven 
pulley in this position, do not let it 
go with the idea that the operator 
can adjust the reach rod length as 
the belt stretches. Idler pulleys 
jump from time to time as the motor 
starts, especially when the starter is 
out of order and the electrician 
starts the motor on the line “just 
once” to avoid an objectionable de- 


lay. Then, if a belt lacing comes just. 


right, or if the idler pulley inter- 
feres by only % in. or s0, or if sev- 
eral other “ifs” happen, something 
will bend or break, generally the 
motor shaft. Such a layout may 
usually be made entirely satisfactory 
by moving the motor back a few 
inches, or changing the inclination 
of the hinge rods, or both. 

If you change the inclination of 
the hinge rods after you have deter- 
mined the weight of the required 
pulley, make a new layout, and de- 
termine that weight once more. Any 
change in the inclination of the 
hinge rods will change the required 
weight as will be evident from a 
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consideration of the graphic layout. 

Whenever possible use a glued or 
cemented joint in the belt. A laced 
belt has a way of slipping as the 
laces pass the driving pulley. 


Turbo-Generator 
Windings 


(Continued from page 181) 


In this winding, there are six pole- 
phase groups, each group having six 
coils. A front pitch of l-and-13 is 
used, and a back pitch of 1-and-14 
is required. Let the A phase start 
with the terminal 7: which is con- 
nected to the bottom conductor in 
slot 1. In this diagram, the bottom 
conductor in a slot is shown by a 
short line while the top conductor in 
a slot is shown by a long line. The 
rear end of the bottom conductor in 
slot 1 is connected to the rear end 
of the top conductor in slot 14. The 
front end of the top conductor in slot 
14 is connected to the front end of 
the bottom conductor in slot 2. The 
winding then continues through this 
pole-phase group through slots 15, 
3, 16, 4, 17, 5, 18, 6 and 19. This 
pole-phase group ends at the top con- 
ductor in slot 19; the front end of 
this conductor is then connected by 
means of the jumper J to the ring 
P, which is connected by means of 
the jumper L to the front end of the 
top conductor in slot 1. This starts 
the second pole-phase group for the 
A phase. The second pole-phase 
group ends in the bottom conductor 
in slot 19, which is connected by 
means of the jumper D to the star 
ring S. The remaining two phases 
are connected in a manner similar to 
the first. 

The diagram shown in Fig. 6 is 


'the same as would be given to the 


winder in the shop. If this machine 
were to be stripped, the coils re- 
insulated and the old connection used 
again, the rings and jumpers should 
be marked as shown by the letters, 
for otherwise it would be difficult to 
fit together the 17 different-sized 
connections and rings. By marking 
the slots, leads, and end connectors 
from the coils to the rings, there 
will be no time lost in sorting out 
the various end connectors and try- 
ing to find where they fit. 


Fig. 9—The method of tying the 
end turns together can be seen in 
this illustration. 


This is in addition to the method of 
bracing described in Fig. 1. This 
machine is much smaller than 
those shown in Figs. 1 and 4. 
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Practical Books 
For Your Personal Library 


Every man who aspires to larger responsibilities should build up a 
professional library. Copies of these books may be obtained from the 
publishers mentioned. 


Electrical Drafting and Design—By 
Calvin C. Bishop. Published by 
McGraw-Hill Book Co., 370 Seventh 
Ave., New York City, 161 pages, 
price $2.00. 

In the preface of this book the author 
states that it was his purpose to bridge 
the gap between the usual course in 
mechanical drafting as taught in tech- 
nical and vocational schools and the 
work a young man is required to do in 
the office of an engineer, a contractor or 
a power company. Numerous exam- 
ples of wiring layouts are presented, 
with data forms giving dimensions of 
apparatus and other information 
needed without going to the trouble of 


obtaining many catalogs and data 
sheets for this purpose. The chapter 
headings are as follows: General in- 


structions for mechanical and electrical 
drafting; electrical symbols and their 
use; generator and feeder panel; three- 
phase panel; outdoor substation; laying 
out wiring; residence wiring; artificial 
illumination; and tables and charts. 

* * * * 


Practical Mathematical Analysis — By 
H. Von Sanden. Published by E. P. 
Dutton & Co., New York City, 194 
pages, price 54.50. 


This book is written for those who 
have a thorough groundwork in mathe- 
matics and presents mathematical 
methods by which the solution of any 
given problem may be evaluated in a 
numerical form. The following sub- 
jects are treated: The slide rule; the 
calculating machine; rational integral 
functions and their extrapolation; nu- 
merical differentiation and integration; 
mechanical quadrature; integration and 
differentiation by graphics; analytical 
approximation to empirical functions; 
solution of equations, linear, transcen- 
dental and non-linear; integration, 
graphical and numerical, or ordinary 
differential equations of the first, sec- 
ond, and higher orders. 

* „ „ „ 


Eye Hazards in Industrial Occupations 
—By Louis Resnick and Lewis H. 
Carris. Published by the National 
Committee for the Prevention of 
Blindness, Inc., 180 East Twenty-Sec- 
ond Street, New York City, 250 
pages, 60 illustrations. Price, paper 
bound with linen backing $1.50; fab- 
rikoid bound, $2.50. 


This book is a compilation of a large 
number of methods and applications of 
various devices for the protection of 
the eye from injuries by flying objects, 
chemicals and a large number of other 
more uncommon hazards. A chapter is 
devoted to a discussion of the necessity, 
value and problems incidental to indus- 
trial lighting. Some of the topics dis- 
cussed in the various chapters are: Na- 
ture and causes of eye injuries; elimi- 
nating eye hazards; industrial accidents 
and means for their prevention, first 
aid treatment for eye injuries; correc- 


tion of defective vision; diseases affect- 
ing the eye; industrial lighting; educa- 
tion as to safety; the safety movement 
and its effect on the eye hazards in in- 
dustrial occupations. 

An appendix gives industrial poisons 
presenting hazards to the eye, and a 
goggle code of the American Steel and 
Wire Co., which shows all the occupa- 
tions where goggles are compulsory or 
desirable in various departments. 

k * * * 


Substation Operation—By Edwin Kurtz. 
Published by the McGraw-Hill Book 
Co., 370 Seventh Ave., New York 
City, 252 pages, price $2.50. 


This book has been written to help 
the practical operator and his assist- 
ants to obtain a knowledge of the 
principles as well as the methods of 
substation operation. It deals with 
substation layout and wiring and gives 
details of all the equipment that is 
used in the modern power substation. 
Three chapters, which occupy practi- 
cally one-half the book, will be found 
very useful for the practical man. 
These chapters give operating proce- 
dure in connection with substation 
work, instructions on hunting troubles 
and correcting them, together with de- 
tails on accident prevention. Illustra- 
tions show views in different types of 
substations and the procedure recorded 
follows the best practice of operating 
companies. For those who are required 
to train substation operators and are 
responsible for inspection and mainte- 
nance, this book will be a useful guide 
and handy reference. 

* * * * 


Industrial Electricity — Part 1 — By 
Chester L. Dawes. Published by the 
McGraw-Hill Book Co., 370 Seventh 
Ave., New York City, 363 pages, 
price $2.25. 


This book has been written as a text- 
book for use in connection with elemen- 
tary electrical engineering, both in 
high schools and schools preparatory 
for college work. The first volume is 
devoted to direct current, while the sec- 
ond volume, under preparation, will 
deal with alternating current. Through- 
out the text the author explains in 
simple language the principles under- 
lying electrical engineering and elec- 
trical equipment and gives a bird’s-eye 
view of electrical problems to those 
who are beginning a study of the sub- 
ject. While the text deals with under- 
lying principles of circuits and machine 
operation, illustrated problems and de- 
tails of equipment are given in such 
practical form that the student can ap- 
ply the fundamental discussions to 
practical work. The subjects discussed 
in this book are: Magnets and magnet- 
ism;  electro-magnetism; resistance: 
Ohm's law and the electric circuit; bat- 
tery electromotive forces; primary and 
secondary batteries; storage batteries: 
electrical instruments and electrical 
measurements; the magnetic circuit; 
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electrostatics; the generator; generator 
characteristics; the motor; and losses 
in efficiency and operation. 

t M „ „* 


Practical Radio- By James A. Moyer 
and John F. Wostrel. Published by 
McGraw-Hill Book Co., 370 Seventh 
Avenue, New York City, 244 pages, 
illustrated, price $1.75. 


This book describes practically all of 
the successful circuits that are now 
used in radio receivers. It gives details 
on their construction and operation and 
how to test and repair them. Many 
wiring diagrams are used and informa- 
tion is given covering the construction 
and features of the essential parts of a 
radio circuit. The subjects covered are 
as follows: The antenna, radio electric- 
ity explained, telephone receivers and 
crystal receiving sets, vacuum tube re- 
ceiving sets, sources of electricity for 
vacuum tubes, audio-frequency ampli- 
fication, radio-frequency amplification, 
selection, operation and care of radio 
receiving sets, radio telephone and 
telegraph transmission, construction 
and testing of receiving instruments, 
common troubles and their remedies, 
the future of radio. 

* * * * 


American Society of Heating and Ven- 
tilating Engineers Guide—Published 
by the American Society of Heating 
and Ventilating Engineers, 29 W. 
39th St., New York City, 445 pages, 
price $3.00. 


This book contains reference and de- 
sign data useful in the planning and 
construction of modern heating and 
ventilation installations. Material has 
been taken largely from the Society's 
Transactions, investigations by its re- 
search laboratory and the practice of 
its members. With this information is 
presented a catalog and reference-data 
section containing essential and reli- 
able facts concerning heating and ven- 
tilating equipment. The book contains 
a mass of tabulated information, dia- 
grams and charts. The heating section 
includes 161 pages and the ventilating 
section, 63 pages. This guide will be 
fcund very useful by those who have 
to lay out and install heating and ven- 
tilating systems. 

* * * * 


Engineering in American Industry—By 
Conrad Newton Lauer. Published by 
McGraw-Hill Book Co., 370 Seventh 
ns New York City, 94 pages, price 

50. 


This book is published in 9 in. by 12 
in. size and for the most part embodies 
material delivered in lectures at Prince- 
ton University under the Cyrus Fogg 
Bracket lectureship in applied engi- 
neering technology. The author re- 
views the growth and development of 
manufacturing in the United States 
and the contributions which engineering 
has made. The subjeet matter is pro- 
fusely illustrated with halftones, line 
diagrams, maps, curves, and charts. 
The maps, curves and charts are pre- 
sented in large size so that the informa- 
tion given can be easily interpreted. 
Captions under each diagram explain in 
detail the features which these charts 
and diagrams are intended to illus- 
trate. There are 61 diagrams and 
curves presenting statistical informa- 
tion on the material resources and in- 
dustrial activities in the United States. 
For those who have occasion to use sta- 
tistical information of this sort the 
book will be invaluable. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Hart Manufacturing Company, Hart- 
ford, Conn—A 64-page booklet, 
pocket size, entitled “Diamond H 
Remote Control Switches,“ describes 
the various types of multi-circuit, 
no-voltage release and tank switches 
as well as relays and solenoid devices 
which simplify the control, effect a 
saving in the first cost of installation 
and current consumption, and also 
provide control at various points 
from a distance without. making it 
necessary to bring the service wires 
to these points. 


Flohr Safety Appliance Manufacturing 
Company, Buffalo, N. Y.—A folder 
illustrates and describes the con- 
struction and advantages of the 
Flohr superior saw guards and su- 
perior jointer guard for use on wood- 
working machinery. 


Albert and J. M. Anderson Manufac- 
turing Company, 289-305 A Street, 
Boston, Mass.—Bulletin 35 is a com- 
plete catalog of Anderson’s “Charg- 
ing Plugs and Receptacles” for 
charging storage batteries on electric 
vehicles, trucks and railway cars. 


The Glow Electric Company, 219-21 
Walnut Street, Cincinnati, Ohio—A 
12-page stock price list gives the new 
and rebuilt motors and generators as 
well as other electrical apparatus 
held in stock by this company. 


Rochester Electric Products Corpora- 
tion, 695 Driving Park Avenue, 
Rochester, N. Y.—Bulletin 5 describes 
the Price-Rochester constant poten- 
tial battery charging system. 


Wagner Electric Corporation, St. Louis, 
Mo.—Bulletin 142 describes the Wag- 
ner split-phase, induction motors of 
the BB type which are built in rat- 
ings of 1/6, 1/4, 1/8 and 1/2 hp. for 
110 or 220 volts. 


Electric Machinery Manufacturing 
Company, Minneapolis, Minn.—Bul- 
' letin 861, entitled, “Synchronous 
Motors for Pumping,” describes and 
illustrates a number of synchronous 
motor applications to centrifugal 
pumping and gives considerable en- 
gineering data regarding such appli- 
cations. 


L. B. Allen Company, Inc., 453 North 
Lincoln Street, Chicago, I]].—A series 
of folders describes the Allen non- 
acid soldering salts, paste, liquids, 
alumi-flux, alumi-solder and alumi- 
weld flux, as well as a commutator 
lubricant. The Allen combination 
gas-air blow torch soldering and 
branding tools for use in connection 
with gas or gasoline are also de- 
scribed, together with the various 
tips used for different work. 


The Yale and Towne Manufacturing 
Company, Stamford, Conn.—A folder 
describes the new Yale ball bearing 
chain block which is made in 11 sizes 
ranging from % to 20 tons capacity. 


Edward T. Moore, 500 Cahill Building, 
Syracuse, N. Y.—A folder describes 
the Moore electric power regulator 
which limits the peak load upon 
which current cost is based. With 
this limitation power is billed only 
for the amount of current which rep- 
resents a fair average of the daily 
power consumption instead of on the 

asis of peak demand. 


The Baker R. & L. Company, Cleveland, 
Ohio—Catalog 29 covers in 52 pages 
the line of Baker industrial tractors 
and trucks and discusses the problem 
of electric material handling and the 
equipment suitable for it. 


Jannette Manufacturing Company, 356- 
358 West Monroe Street, Chicago, 
Ill—A folder entitled, “He Wouldn’t 
Believe It,” gives several of the ad- 
vantages of the Jannette special frac- 
tional horsepower motors for use 
under unusual service conditions. 


Philadelphia Gear Works, 1124 Vine 
Street, Philadelphia, Pa.—A catalog 
shows the variety of gears manufac- 
tured by this company and in addi- 
tion gives a number of important 
points to consider in the use of gear- 
ing. 

Lewellen Manufacturing Company, Co- 
lumbus, Ind.—A folder entitled, Put 
It To Any Test,” shows several 
Lewellen installations under severe 
service conditions. 


The Falk Corporation, Milwaukee, Wis. 
—Bulletin 35 describes the Falk- 
Bibby flexible couplings which are 
made in sizes ranging from 1/3 to 
20,000 hp. at 100 r.p.m. This bul- 
letin illustrates the construction, the 
various features in connection with 
the operation and gives suggestions 
on the selection of the proper size 
and rating as well as special instruc- 
tions showing how the size of coup- 
ling should be determined. 


General Electric Company, Schenec- 
tady, Y.—Bulletin 47640.2 de- 
‘scribes and gives applications of the 
induction, time, over-current relays, 
Types IA-201, IA-202, IA-205 and 
IA-206. Details of construction, lists 
of available range ratings and prin- 
ciples of operation are covered to- 
gether with other general informa- 
tion. The bulletin is illustrated by 
photographs, charts and diagrams. 


The Roeper Crane and Hoist Works, 
Reading, Pa.—Catalog 50, containing 
16 pages, describes and illustrates 
the various types of Roeper electric 
hoists and shows a few of the many 
opp acanons which can be made of 
them. 


Ingersoll-Rand Company, 11 Broadway, 
New York City—A circular describes 
the new air motor hoist which is 
made in five sizes, with capacities 
from 500 to 10,000 Ib., and also illus- 


trates a number of their applications. 
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Century Electric Company, 1827 Pine 
Street, St. Louis, Mo.—A folder en- 
titled, “An Announcement of Extra- 
ordinary Importance to Every User 
of Smail Motors,” describes the Cen- 
tury wool-yarn system of lubrication 
for fractional horsepower motors. 
This motor lubrication was designed 
for motors in continuous service 
over long periods of time without re- 
oiling. 

Paul W. Koch and Company, 23 South 
Wells Street, Chicago, III. —A small 
circular entitled, “The Hole Story,” 
describes the Jiffy adjustable cutter 
which may be used for cutting holes 
from & in. to 6 in. in diameter in 
metal of any gage and up to & in. 
thickness. 

The Service Caster and Truck Com- 
pany, Albion, Mich.—A 24-page cata- 
log describes this company’s line of 
swivel and rigid casters for trucks. 
These are provided with ball, Hyatt, 
or Timken bearings and may be sup- 
plied with rubber, fiber or other spe- 
cial treads. 


Stephens-Adamson Manufacturing 
Company, Aurora, III. -A booklet en- 
titled, “The Latest Developments in 
the Design of S-A Unit Carriers,” 
describes the application of high- 
pressure lubrication and all-steel ball 
bearings to the carrier roll for belt 
conveyors. 


Crouse-Hinds Company, Syracuse, N. Y. 
—Folder 18 describes the connect- 
ors of the CG series which are made 
to take rigid or flexible conduit, ar- 
mored cable or condulets. 


General Electric Company, Schenec- 
tady, N. Y.—Circular 66028 describes 
the special temperature indicating 
panel for generators and motors and 
the equipment operating on direct- 
current circuits to indicate at the 
switchboard the temperature of the 
various portions of the windings of 
electrical machinery during opera- 
tion. 

Buffalo Forge Company, Buffalo, N. Y. 
—A comprehensive review of the use 
of electric fans for blowing, exhaust- 
ing, ventilating, cooling and drying is 
contained in a 16-page illustrated 
booklet. This covers direct connected ° 
units driving small disk or propeller 
fans, used for ventilating, stoker 
units, pressure blowers, mill exhaust- 
ers and electric forge blowers. 


Cleveland Armature Works, Inc., 4732- 
4736 St. Clair Avenue, Cleveland, 
Ohio—Catalog 315 covers the indi- 
vidual motor driven electric grind- 
ers, buffers and polishers, which are 
made in medium and heavy-duty 
types. 

G. & W. Electric Specialty Company, 
7440-42 South Chicago Avenue, Chi- 
cago, Ill—A 16-page booklet, Bulle- 
tin 24, illustrates and describes the 
various G. & W. potheads for pro- 
tection of cable ends and gives in- 
structions for installing potheads, 
with other useful information. 


Pyott Foundry Company, 28 North 
Sangamon Street, Chicago, III. -A 
circular describes the Pyott hangers 
and hanger boxes for duplex, ring or 
ball bearing lubrication. 


The Nichols Lintern Company, 7960 Lo- 
rain Avenue, Cleveland, Ohio—A 
folder describes the Lintern electro 
magnetic sander for crane runways 
which is operated by a foot button lo- 
cated in the cab. This folder also il- 
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lustrates the various types of light- 
weight signal lanterns for industrial 
applications. 


Smooth-On Manufacturing Company, 
570-574 Communipaw Avenue, Jersey 
City, N. J—“Smooth-On Handbook” 
in its twentieth edition is a pocket- 
size book of 136 pages, which con- 
tains descriptions of the various 
types of Smooth-On cement, shows 
the purpose of each and in addition, 
shows by illustrations and descrip- 
tions how a number of repairs have 
been made in industrial plants 
through the use of Smooth-On. Some 
applications of Smooth-On floor hard- 
eners and special paints are also in- 
cluded. 


Westinghouse Electric and Manufactur- 
ing Company, Pittsburgh, Pa.—Cir- 
cular 1579-C entitled “Micarta Gears 
and Pinions” gives the advantages 
claimed for Micarta and similar non- 
metallic materials, describes the 
methods of machining and illustrates 
cutting tools, gives the physical and 
mechanical properties and methods 
for computing the horsepower rating. 
Two pages of gear data show these 
computations in tabular form over a 
wide range. 

The Panelyte Company, Trenton, N. J.— 
Booklet entitled Panelyte Electrical 
Insulation” describes the composition 
and electrical and mechanical charac- 
teristics of Panelyte, a hard fibre, 
dielectric substance which is claimed 
to be easily drilled, tapped, sawed and 
polished, although it is not brittle, 
and is much lighter than stone and 
similar materials used for switch 
backing and like purposes. 


Shepard Electric Crane and Hoist Com- 
pany, Montour Falls, N. Y.—A 60- 
page catalog on, “Floor Operated 
Electric Hoists,” gives a complete 
discussion of all of the Shepard 
floor-operated electric equipment 
This material is arranged in groups 
with, first, a general description, and 
then an installation view, which is 
followed by a portrait view of the 
hoist. On the next page are given 
data and price lists and on the page 
following drawings and dimensions. 
All the special and extra equipment, 
which is applicable to all types of 
machines and must be referred to 
constantly, is given in the center of 
the book on green printed stock. 
Floor-operated equipment is made 
without trolley (lug or hook suspen- 
sion), with geared trolley and with 
motor-driven trolley. 


Trico Fuse Manufacturing Company, 
Milwaukee, Wis.—A folder describes 
the new line of Trico “Kantark” non- 
renewable fuses, which are made in 
all standard sizes up to 600 amp. 
rating and are fully approved for 
both 250 and 600 volts. 

Steel City Electric Company, 1207-1223 
Columbus Avenue, Pittsburgh, Pa.— 
Folder describes special universal 
couplings for conduit work which 
eliminate the extra threading of pipe 
ends for ordinary couplings. 

Ridgway Dynamo and Engine Company, 
Ridgway, Penn.—Bulletin 31 de- 
scribes the construction and gives the 
advantages claimed in the operation 
of Ridgway turbo-generator sets. 

Pittsburgh Transformer Company, 
Pittsburgh, Pa.— Bulletin 2033 de- 
scribes the Pittsburgh distributing 
transformer, single-phase and poly- 


INDUSTRIAL ENGINEER 
phase. Bulletin 2030, describes the 


copper alloy steel tanks for Pitts- 
burgh transformers. Bulletin 2031 
describes the Pittsburgh expansion- 
tank type transformer. 


American High-Speed Chain Company, 
Indianapolis, Ind.—Announcement is 
made and dimensions are given of 
standard stock sizes of chains and 
sprockets in several ratings ranging 
from 2 to 10 hp. with reductions of 
3-, 4-, 4½ - and 5-to-1, which are car- 
ried in stock. 

General Electric Company, Schenectady, 
N. Y.—Circular 66022 entitled, Out- 
door Current and Potential Trans- 
formers,” gives the characteristics 
and operating conditions as well as 
dimensions of this equipment for cir- 
cuits up to 15,000 volts. 

The Northern Blower Company, West 
Sixty-fifth Street and Wheeling and 
Lake Erie Railway, Cleveland, Ohio— 
Bulletins describe the line of direct 


motor driven exhaust fans, air filters 


and metal insulated ovens for core 
baking, mold drying and japanning. 

Condit Electrical Manufacturing Com- 
pany, South Boston, Mass.—A folder 
describes the Type N-4, oil motor 
starter for motors of 5 hp. or less 
on 600 volts or less. 


H. Kleinhans Company, Pittsburgh, Pa. 
—A folder describes the ‘Uni-flo” 
welding wire, the different grades, 
sizes and composition and the pur- 
poses for which each is best adapted. 


Buffalo Forge Company, Buffalo, N. Y. 
—Catalog 465 covers the line of unit 
heaters and their installation in vari- 
ous industrial plants. These heaters 
are easily installed. 


Reminiscences of a 
Trouble Shooter 


(Continued from page 184) 


can be very greatly simplified by 
coating a portion of the commutator 
with shellac and applying very finely 
sifted sand. Rotate the machine 
slowly until a fit is assured. Then 
clean the commutator with alcohol. 
When using a stone of any kind on 
a commutator, I consider it to be the 
best practice, wherever possible, to 
shut down the machine and remove 
the brushes. Otherwise, the small 
particles tearing from the stone will 
cling to the commutator and destroy 
the life of the brushes by wear and 
giving them a coarse fit on the com- 
mutator when the operation is com- 
pleted, with resultant dirt and black- 
ening. 

“If at any time it should be nec- 
essary to turn a commutator, great 
care must be taken to prevent chips 
from lodging in the risers. To pre- 
vent this, obtain a piece of muslin 
of sufficient length to go around the 
commutator and wide enough to ex- 
tend a couple of inches beyond the 
risers. Lay this piece around the 
commutator and tie it as close to 
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the risers as possible. Then lift the 
cloth off the commutator and over 
the risers and tie it in place over 
the top of the riser connections on 
the armature. 

“Pete,” said Ed at this point, “I 
wish you would warn your readers 
that in the application of any of the 
things I have told you, it will be 
up to the operator to use his best 
judgment as to whether or not they 
will be practicable for his applica- 
tion. I have found them beneficial 
in some instances, while in others 
they would not be applicable at all. . 

“Likewise, the solutions of trou- 
bles related apply to actual instances, 
but this is not prima facie evidence 
that they will solve every trouble. 
The point that I would like to em- 
phasize is that a trouble may be 
more mechanical than is anticipated 
and more simple than it appears. 
Likewise, it may be a combination of 
the two arising simultaneously and, 
on the other hand, an apparent trou- 
ble of a mechanical nature with elec- 
trical trouble arising therefrom. 


“In this connection, it was but a 
short time ago that I ‘cut in’ two 
turbo-generators with exciters at- 
tached. The switchboard was in- 
stalled by a local firm and was giv- 
ing trouble and to assist their man 
in testing his board I was running 
one of the turbos idle with 90 volts 
on the exciter. There was a mo- 
mentary groan and all of his meters 
read backwards, which indicated a 
reversed exciter, yet only one of the 
exciters was in service. As it was 
past quitting time, we shut down for 
the night and on starting up the fol- 
lowing morning the exciter could not 
be built up. Completely neutralized, 
it was. But after being re-excited 
from the other exciter it gave no 
further trouble. 

“What had evidently happened 
was that the switchboard man had 
in some way completed the alterna- 
tor field and immediately broken it, 
with the result that it discharged 
through the exciter and reversed it. 
This is an example of a very simple 
trouble that is known to exist and 
can and will cause an electrical trou- 
ble where no trouble existed pre- 
viously. To get at the root of any 
trouble, obtain a thorough under- 
standing of the mechanical and elec- 
trical principles involved in the 
operation. of the equipment, and 
from this point work outward to 
your trouble. Leave the design and 
the engineering principles to the 
manufacturer.” 
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And research is continuing to do it—produc- 
ing a carbon brush of a pure, even and uniform 
composition. 

The Stackpole Carbon Brush is the result of 
analyses and tests carried on by an efficient corps 
of engineers and chemists through a period of a 


gTACKPOLE 
long number of years. 


Although the Stackpole Brush is generally con- 
ceded to be of the first rank, it is not the ultimate 
in carbon brush manufacture. 


The electrical industry is continually developing; 
and to meet this growth our laboratories are in- 
cessantly experimenting and remedying difficulties 
that are confronting our customers. 


For whatever requirement you have in mind— 
or will have—a Stackpole Carbon Brush will meet 
that need in a most gratifying fashion. 


Write for your copy of Stackpole Catalog No. 8 


Stackpole Carbon Co. 


St. Marys, Penna. 


Stackp ole carbon brushes 
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Variety May 
Add Spice — 


But in the Case of Equip - 
ment It Does Not Pro- 
mote Ease and Speed of 
Making Repairs 


NE of the things that I admire 

the readers of INDUSTRIAL ENGI- 
NEER for is the whole-hearted manner 
in which they hunt for every possible 
means of increasing the value and effi- 
ciency of maintenance work, to the end 
that production will not be interrupted 
by preventable breakdowns of equip- 
ment. They are men after my own 
heart. 

This characteristic was forcibly 
brought to my attention the other day 
by the following letter from my good 
friend J. H. Gallant, who is associated 


with the Canada Cement Company, 


Limited, Belleville, Ont., Can.: 


In this age of specialization, special 
machinery and specialists, everybody 
from the wide-awake and progressive 
executive down to the man on the job, 
is beginning to realize more and more 
the necessity for the standardization 
of materials and of methods of pro- 
duction as well as maintenance, on 
which production depends. 

The standardization of methods is 
strictly up to the men directly in charge 
of production and of maintenance. 

The high efficiency attainable through 
standardized methods of production, 
whether in the shop, the foundry or any 
other department of an industrial plant 
is now so generally recognized that 
hardly more than passing mention of 
it is necessary here. The benefits of 
standardization in maintenance methods 
are, however, not so generally recog- 
nized. 

It is often a case of “Let Bill do it,” 
and poor Bill, the repair foreman, does 
it the best he can. Oftentimes very 
little thought is given as to whether 
Bill and his men might not have been 
able to do the job in some easier way 
and in a much shorter time if they 
had had the advantage of having fre- 
quently done a similar job on the same 
kind of machine, so that they could use 
the same methods, the same tools and 
the same standard material. 


Suppose a clutch breaks down, a 
motor develops a ground or burns out, 
the teeth get stripped off a gear, or a 
compensator or a switch is short-cir- 
cuited. If the equipment in the plant 
is standardized, the repairman knows 
immediately what tools to take with 
him to the job; he knows what mate- 
rials to draw from the storeroom; the 
storekeeper will find the materials more 
easily and save time. 

When he gets to the job the repair- 
man will know just how to go at it so 
as to do it in the easiest and quickest 
way. He will not have to go back and 
forth several times for tools and ma- 
terials. 

Ask any experienced repair foreman 
and he will tell you that on the small 
repair jobs, which constitute over 80 
per cent of the breakdowns in indus- 
trial plants, as much and often more 
time is spent in getting ready for the 
job and in going back and forth for 
tools and materials, than in making the 
repairs. 

The real loss, of course, is not in the 
time taken to do the job, but in the 
time the machines are idle. 

With several kinds of equipment in 
use it takes longer to train the repair- 


men to a high degree of efficiency; they 
will generally take more tools than nec- 
essary, and often the wrong ones, and 
have to return for more material or 
for the right kind of material. Time 
lost is production lost. 

Another quite important advantage 
of standardization of equipment is the 
smaller investment. required to carry 
the necessary spare and repair mate- 
rials, in the store space required, and 
the smaller staff with which it is pos- 
sible to operate the storeroom. 

The foregoing should by no means be 
taken as a brief for the retention of 
old and obsolete equipment. New and 
more efficient equipment is being 
brought out every day, and any change 
which will save time and promote effi- 
ciency, is a move in the right direction. 

In replacing old equipment, we 
should, however, as much as possible, 
stick to one kind of machine or device 
for each job. 

Practically every machine which has 
passed the experimental stage and has 
come to be used commercially has its 
good points, and when several machines 
for doing the same job are on the mar- 
ket it is often difficult to choose be- 
tween them. 

Unfortunately the ideal condition, 
where it is possible to buy a machine 
embodying all of the good points of the 
several machines offered for the same 
service, is very rarely attained in prac- 
tice. We cannot get everything in one 
package. 

Nevertheless, after an intelligent se- 
lection has been made we should be 
willing to do without the few good 
points we have been unable to buy, 
and make up for them by concentration 
on the proper maintenance of what we 
do have. 

The time thus saved on maintenance 
and production will much more than 
compensate for the few advantages that 
we may feel we are missing by not 
having other types of machines. 


You may or may not agree with the 
views with Mr. Gallant has expressed, 
but I think you will agree with me 
that he has touched upon a very in- 
teresting subject, has presented some 
good arguments in support of his posi- 
tion, and has given us something to 
ponder over. In any case, I shall be 
glad to have you drop me a line and 
let me know what you think about this 
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chain, enclosed in an oil-tight housing. 
control equipment for the motor is mounted 
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THE FIRST OPERATION in the manufacture 
of clay into sewer pipe and similar products is 
crushing and breaking up lumps in a so-called 
dry pan, one of which is shown in this illustra- 
This pan is driven by a General Electric, 
60-hp. slip- ring motor through a Link-Belt silent 


below the motor, at the right, and consists of 
dme drum controller, inverse-time-limit relay 
and no-voltage release. In this article Mr. 
oe Taylor shows how the plant of the Red Wing 
R Sewer Pipe Company was modernized by the 
application of individual motor drive through 
„ silent chain to all of the equipment, and de- 
P scribes the various production operations. 
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Some Details of 
Power Drives with 
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Individual Motors and 


Silent Chains 


That Have Resulted in Greater Economy in the 
Use of Power and a Reduction in Maintenance 
Cost and Accident Hazards 


By DEAN W. TAYLOR 


Formerly Power Engineer, Northern States 
Power Company, Eau Claire, Wis. 


HEN factory A of the Red 
Wing Sewer Pipe Company, 


Red Wing, Minn., was de- 


stroyed by fire in November, 1922, 


plans were formulated for rebuilding 
it and using equipment and methods 
that would provide the highest all- 
around operating efficiency. The 
products of this plant are sewer pipe, 
flue lining, wall coping, drain tile and 
similar clay products. 

The old plant had been operated by 
means of a 250-hp. Corliss engine and 
the various machines had been driven 
from a system of lineshafts, counter- 


shafts, mule drives and bevel gears. 
While the old plant operators had be- 
come used to the original and out-of- 
date layout and were able by reason 
of long familiarity with the plant to 
find their way around in the semi- 
darkness, a stranger in going 
through the plant would have been 
impressed with the great value of 
an accident policy to anyone inspect- 
ing the equipment. Many reasons ex- 
isted for improving the power appli— 
cation, and not the least of these 
reasons was safety. Briefly, in com- 
mon with many other old plants, it 
contained numerous examples of ob- 
solete methods and equipment. 

The first thought of the manage- 
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ment was to rebuild and get the plant 
into production again as quickly as 
possible. It was the intention to 
make the new building fireproof, but 
in the main the plant layout, meth- 
ods of drive and so on were to be the 
same as in the old plant. However, 
at the suggestion of the engineers of 
the local power company, the officials 
of the Red Wing Sewer Pipe Com- 
pany investigated the modernization 
of the new plant from the standpoint 
of machinery layout, power drive 
and power supply, as well as build- 
ing construction. 

Several considerations helped to 
put such a procedure in a favorable 
light. In the first place, the genera- 
tion and use of steam power to drive 
the machinery in the plant had made 
the power cost high. Further, due 
to the fine clay dust which is present 
in the air, a great deal of trouble 
was experienced with the use of open 
bevel or other gears. Besides, these 
gears were very noisy. The fine dust 
would work its way into bearings, 
clog up oil holes, induce rapid wear 
of bearings and was generally 
troublesome. In the case of friction 
clutches, it caused them to drag when 
open, with consequent rapid wear of 
certain parts. This necessitated fre- 
quent repairs and replacements, 
making maintenance costs high. 


May, 1925 


NDUS ENGIN 


Types of Motors Installed and Machines Driven 


Type of Motor 


Squirrel cage 
Sbp ring 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Shp rin 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Squirrel cage 
Variable speed 
Variable speed 
Special 


5 
60 
5 
5 
10 


— 
2888 


After a good deal of investigation 
and discussion, it was finally decided 
to use individual motor drive on all 
machines, to drive the machines 
through silent chains protected by 
oil-tight housings, and to purchase 
the electrical energy required. 

Considering the conditions in the 
plant, the use of individual motor 
drive presented the important ad- 
vantage that it would permit the 
most efficient arrangement of produc- 
tion machines by allowing them to 
be placed in the proper location for 
handling the raw material, 


venient for belting to the lineshaft- 
ing. This was an important consid- 
eration, as in the layout of the old 
plant the location of the lineshafting 
had determined the location of the 
machines, oftentimes without more 
than passing regard for the flow of 
materials. Another advantage of the 
use of individual drive was the elimi- 
nation of mule drives and bevel gears, 
which at best were not very satis- 
factory. In addition, the expense 
and trouble connected with the use 
of friction clutches were eliminated; 
injury hazards to workmen were 
greatly lessened; and the power 


Fig. 1—Transformer substation, 
above, and service and feeder 
switches where power circuits enter 
the plant building. 


Power for operating the plant is sup- 
plied by the Northern States Power 
Company at 6,600 volts, three phase, 
60 cycles, and is stepped down to 440 
volts by the transformers shown above. 
The 440-volt power is brought into the 
building through underground conduit. 
the outer end of which can be seen 
behind the middle transformer. Light- 
ing service is supplied by transform- 
ers with 440-volt primaries and 110- 
220-volt secondaries. The lower illus- 
tration shows the service switch at the 
right and the safety. enclosed-tyne 
switches controlling the various cir- 
cuits in the plant. The meter trans- 
formers can be seen in the cabinets just 
below the switches. 


rather® | 
than where they would be most con- 


Machine Driven 


Dry pan feed belt 


Dry pan 

Dry pan discharge belt 
First dry clay elevator 
Second dry clay elevator 
Shaker screen 


Press follower drive] 
Press cut-off 

Waste heat fan 

Cold air circulating fan 
Freight elevators (2) 


losses due to friction between bear- 
ings and gears were much reduced. 
Lastly, the noise resulting from the 
operation of shafting, belting and 
gears was largely eliminated. 

After the decision to use individ- 
ual motors had been made, the ques- 
tion came up as to the type of drive. 
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All machines to be driven operated 
at low speed; therefore, direct con- 
nection of motors and machines was 
not possible. In the end, silent chain 
drive was selected because it was felt 
that it afforded greater all-around 
efficiency than would be obtained 
with belts. Also, a positive drive 
would be obtained. Another advant- 
age was that the use of chain drive 
would eliminate long belt drives 
through floors and walls. Likewise, 
it would eliminate belt maintenance 
and reduce the accident hazard inci- 
dental to the use of belts and gears, 
as all chains are enclosed in an oil- 
tight housing. There was also the 
advantage that better lighting could 
be obtained if chain drives were used 
because these would not interfere so 
much as do belts and lineshafts. As 
a result of the elimination of belts 
and lineshafts, and the possibility of 
better lighting, the general appear- 
ance of the plant would be consider- 
ably improved. 

The reasons for the adoption of 
purchased power may be briefly sum- 
marized as: Greater economy as com- 
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Some Typical Silent Chain Applications 


Individual Drives on Equipment in Clay Products Plant 


A—These three 50-hp. slip-ring motors drive the 
wet pans, which are located on the floor above. 
The wet pans are shown in E. 


B. Enclosed silent chain drive for wet clay ele- 
vator. The motor is rated at 10 hp. This elevator 
carries the wet, finely-ground clay from the wet 
pans to the top floor where it is discharged into 
a chute leading to the press storage belt which 
is shown in illustration D. 


C—Grog, ground burned ware, is passed through 
this shaker screen before delivery to the wet 
pans. The screen is driven by a 5-hp. motor. 


D—A 5-hp. squirrel-cage motor drives the press 
storage belt through an enclosed silent chain. 
The wet clay is carried by this belt from the 
chute into which the wet clay elevator discharges 
it. to the feed belt of the press. 


a 
E. These 9-ft. wet pans, in which the clay is 


ground fine, are driven through silent chains 
by the 50-hp. motors shown in A. 


F—Steam cylinder of press which forces the wet 
clay through dies to form tile and other shapes. 


G--This shows the lower end of the steam press. 
Flue lining was being extruded when this pho- 
tograph was taken. 


H-—One of the two dry clay elevators, which are 
also driven through silent chains by 5-hp. 
motors. 


Individual 3-hp. motor and chain drive for 
press former shaft. This shaft carries a die 
which is forced into the end of the tile as it is 
extruded, to form the bell end 
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Fig. 2—Typical control panel for 
slip-ring motor. 


The control equipment comprises a line 
switch, magnetic switch, drum con- 
troller, resistor and ammeter. 


pared with steam power generated 
locally; greater flexibility in capacity 
of power supply; and continuous 
availability of service for operating 
fans, lighting service and the like at 
times when the plant as a whole was 
not running. 

The new plant was put in opera- 
tion in the early part of October 
1923. At present, there are installed 
19 General Electric three-phase mo- 
tors with an aggregate rating of 
352 hp. The type of motor used and 
the machines driven are shown in an 
accompanying table. A standard mo- 
tor speed of 900 r.p.m. was selected 
for every drive, as this speed gave 
the most economical combination of 
proper chain speed, bearing load and 
motor cost. Further, a uniform mo- 
tor speed makes interchangeability of 
motors both practicable and conveni- 
ent. Link-Belt silent chains in oil- 
tight housings are used on all drives. 

All wiring is in conduit and en- 
closed-type, safety switches are used 
on the control for each motor. Push- 
button emergency stop stations are 
used on all important drives. All 
motors over 5-hp. rating are pro- 
tected by inverse-time-limit relays 
and no-voltage releases. Small mo- 
tors are protected by thermal over- 
load devices. 

With centrab station service avail- 
able during every hour of the day 
and night, it was possible to pro- 
vide for an adequate lighting instal- 
lation. The old lighting system, 
which consisted of an occasional 25- 
watt lamp, coated with oil and clay 
and supplemented by portable oil 
torches, was replaced by an installa- 
tion of 100-watt, gas-filled lamps in 
RLM enameled steel reflectors spaced 
14 ft., at a mounting height of 9 ft. 
The connected lighting load is about 
32,000 watts. 

Electrical energy is delivered by 
the Northern States Power Company 
at 6,600 volts, 60 cycles, three phase 
and is stepped down by the trans- 
former substation shown in Fig. 1 
to 440 volts, three phase. Current 


at 110-220 volts for lighting service 


is supplied by transformers having 
440-volt primaries and 110-220-volt 
secondaries. The service switch as 
well as the switches which control the 
various circuits are shown in the 
lower illustration of Fig. 1. They are 
located in the wet pan room where 


the service wires are brought in to 
the building, and are very near the 
load center of the plant. 

The service wires from the substa- 
tion to the plant are 350,000-circ. 
mil, rubber-covered, single conduc- 
tors. They are brought into the 
building through underground con- 
duit, one end of which can be seen 
behind the middle transformer in the 
upper illustration in Fig. 1. Under- 


Fig. 3—Discharge belt which car- 
ries crushed clay from dry pan to 
elevators. 


This belt is driven by a 6-hp., squirrel- 
cage motor through a silent chain. Note 
the oil-tight housing which encloses the 
chain. is housing is partly filled 
with oil and thus serves the double 
purpose of protecting the workmen and 
keeping dust and dirt away from the 
chain, as well as insuring ample lub- 
rication. 
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ground work was necessary here be- 
cause of interference by a spur track 
upon which is operated a yard crane 
with a long arm covering a compara- 
tively wide area. This crane is used 
for unloading clay and coal and for 
stacking sewer pipe and other prod- 
ucts after firing. It is driven by a 
40-hp. motor and carries 300 ft. of 
cable which is plugged into recep- 
tacles which are located at different 
points around the entire plant. 

The maximum power demand 
amounts to about 225 kw. and ap- 
proximately 30,000 kw.-hr. of energy 
are used monthly. 

With this view of the equipment 
used, it may be interesting to see 
where and how it is employed in the 
manufacture of 75 tons of clay prod- 
ucts a dav. About 100 tons of raw 
clay are delivered daily to the plant 
and dumped into outdoor storage. 
This procedure makes it easier to se- 
lect and properly blend the clay ac- 
cording to the product to be made. 
The first operation is rough grinding. 
The raw clay is dumped from stor- 
age onto a feed belt and into what is 
called a dry pan. This is a large, 
circular, shallow pan with a coarse- 
grated bottom, which revolves slowly. 
Two heavy iron rollers which are 
free to turn on a fixed shaft serve to 
break up the lumps of clay as the 
pan revolves. This pan, which is 
shown in the illustration at the head 
of this article, is driven by a 60-hp., 
slip-ring motor. 

As the clay lumps are broken up 
sufficiently fine to pass through the 
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grating of the dry pan, the fine ma- 
terial falls onto a discharge belt 
which is driven by a 5-hp., squirrel- 
cage motor. This belt, the drive end 
of which is shown in Fig. 3, dis- 
charges the clay into the boot of an 
elevator which carries it to the top of 
the factory building where it is dis- 
charged into dry storage. A portion 
of this elevator is shown in H of the 
illustration on page 216. The clay is 
held here for a few hours and then is 
dumped into the hopper leading to 
one of the wet pans. 

These are similar in construction 
to the dry pans, with the exception 
that the bottom is solid instead of 
grated. In these pans the clay is 
ground fine and mixed with water. 
About 5 per cent of grog, ground 
burnt ware, is added to give it the 
proper consistency. The grog is 
taken from separate storage and 
passed through a shaker screen be- 
fore it is delivered to the wet pans. 
The shaker screen is driven by a 
5-hp. motor and is shown in C of the 
illustration on page 216. The wet 
pans are driven by 50-hp., slip-ring 
motors which are located on the floor 
below. These motors are shown in 
A on page 216. In this case, the 
speed reduction is from 900 r.p.m., 
the motor speed, to 175 r.p.m. These 
wet pans are shown in E on page 216. 
It will be noted in this illustration 
that the drum controller and protect- 
ive devices for the motors which 
drive these pans are mounted on 
nearby building columns. In, addi- 
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tion, several push-bytton stations for 
each wet pan are located at con- 
venient points so that in emergency 
any pan can be stopped at once. 
When the charge in one of the wet 
pans has been properly ground, it is 
swept out of the pan by a movable 
arm or baffle and discharged into an 
elevator and carried to the top floor. 
Here it is discharged into a chute 
and then onto a storage belt. An op- 
erator transfers the wet clay as re- 
quired from the storage belt to a feed 


belt leading to the hopper of the 


press which extrudes the clay in the 
form of sewer pipe or other shapes. 
The storage belt is driven by a 5-hp., 
squirrel-cage motor through silent 
chain and is shown in D on page 216. 
The press feed belt is driven by a 
separate 2-hp., squirrel-cage motor. 
The press consists essentially of a 
steam cylinder, 4 ft. in diameter, 
which under a steam pressure of 100 
Ib. per sq. in. forces the wet clay 
through a die, thus forming the 
pipe. Views of the upper and lower 
portions of the press are shown in 
F and G on page 216. At the time 
this photograph was taken, flue lin- 
ing was being drawn. As the ex- 
truded clay leaves the die of the 
press the forming die supported on 
the vertical shaft, which is raised 


Fig. 4—Winding machine of one of 
the freight elevators in the dryer. 


There are two elevators of this type, 
each driven by a special 7%4-hp. mo- 
tor. These elevators carry the green 
ware to and from the,dryer prior to 
firing in the kilns. 
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and lowered by a separate small mo- 
tor, is forced into the end of the pipe 
to form the bell end. Illustration / 
on page 216 shows the 3-hp. motor 
and chain which drive the press 
former shaft. The pipe is cut off in 
standard lengths, placed on small 
carts and taken by elevators to one 
of the three drying floors where it is 
dried by means of the waste steam 
from the press. This steam is circu- 
lated through coils located about 7 ft. 
above the floor. A temperature of 
approximately 110 deg. F. is main- 
tained on the drying floors and the 
moisture given off by the green ware 
passes off through the monitor-type 
roof. After the green ware is suffi- 
ciently dry, which usually requires 
from two to eight days for different 
sizes of pipe, it is burned in a coal- 
fired, down-draft kiln for 80 hr. 


Maybe You Haven't 
Noticed It, But— 


It has been my experience that 
the man who is an expert at making 
excuses is seldom much good for 
anything else. We all have to ad- 
mit at times that we have fallen 
down on the job because we either 
did not have the ability or the per- 
sistency to carry a certain job 
through to the finish. But when you 
stop to think of it, these are dam- 
aging admissions, as the lawyers say. 
Lack of brains is a mighty poor 
argument when raise-day. comes 
around, while lack, of persistency 
somehow always makes me think of 
yellow. 

There aren’t many jobs which are 
absolutely impossible to do; so the 
chances are that you and I won't get 
one handed to us very often. Con- 
sequently, when I have to explain 
to myself why I haven’t done as di- 
rected, I always feel that, instead of 
saying something which sounds wise 
and plausible, I ought to say, Boss, 
I'm not as good a workman as you 
think I am. I didn't have brains 
enough to do that job, nor game- 
ness enough to keep right on trying, 
nor ambition enough to hustle 
around and find out how to do it. 
So I guess you had better give all 
of the real jobs to somebody else.” 
Then I get right down to business 
and by that time the job’s done. 
All any man needs to do in a tight 
place is to be fair with himself and 
use his mental equipment in doing 
the job, not thinking of excuses. 
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Procedure in 


Overhauling Electrical 
Measuring Instruments 


With Details of Defects Most Commonly Found, 
How They Are Remedied, and M ethods of Testing 
After Repairs Have Been Made 


By J. D. ZOOK 


Superintendent, Gregory Electric Com 
: pany, Chicago, IU 


EPAIRING and testing elec- 
R trical indicating and record- 
ing instruments resembles 
watch or clock repairing much more 
closely than it does the repairing of 
motors and other electrical equip- 
ment. Most of the parts are so light 
and delicate that very careful han- 
dling is necessary, while the opera- 
tions and adjustments that are re- 
quired must be made with an accu- 
racy and precision that are seldom 
called for in repair work on ordinary 
types of electrical equipment. In 
our Meter Department we overhaul 
completely several thousand elec- 
trical meters of various kinds a year 
and a brief account of what the work 
involves and the methods which we 
use may be interesting. 

Inasmuch as a large part of the 
work in the Meter Department is 
overhauling watt-hour meters, we 
will consider these instruments first. 
In order, however, that the reader 


may clearly understand some of the 
operations which will be described it 
may be well to consider what a watt - 
hour meter consists of and how it, 
operates. 

A direct-current watt-hour meter 
is essentially a small shunt motor 
whose armature revolves at a speed 
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ELECTRICAL measuring instru- 
ments are an indispensable part 
of the electrical equipment of 
every industrial plant. They give 
us all of the many facts which 
we must know in order to apply 
and utilize electrical energy effi- 
ciently, without undue waste, and 
with the least danger of injury to 
the equipment. Such instruments 
are necessarily of delicate con- 
struction and must be carefully 
handled and periodically checked 
up and overhauled, if dependable 
readings are to be obtained. In 
this article Mr. Zook tells some 
of the things that happen to meas- 
uring instruments in service and 
describes the methods of repairing 
and testing that have been de- 
veloped through years of experi- 
ence in this work. 


shaft. 


This illustration shows a general view o/ 
the Meter Department. The workman in 
the center is polishing the pivot of an 
armature shaft, which is mounted in a 
small lathe. In the background a polyphase 
meter is being tested and adjusted at the 
test bench. The shelves above and to the 
right contain part of the stock of measur- 
ing instruments. 
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that is proportional to the rate at 
which electrical energy is passing 
through the meter. A small worm 
gear is cut into the upper part of the 
armature shaft so that the latter is 
geared through a train of small 
gears to a number of recording dials. 
These dials thus indicate at all times 
the total amount of energy that has 
passed through the meter since it 
was installed. 

In two-wire meters two stationary 
coils connected in series with each 
other and with the line supply the 
field. These are known as the cur- 
rent coils. In three-wire meters the 
coils are in series with the line. As 
there is no iron in the fields the field 
strength is obviously proportional to 
the current passing through the 
coils. The armature, which is also 
called the moving element, or poten- 
tial element, is vertical and consists 
of several coils of fine wire, the ends 


of which are connected to a silver 


commutator. The coils and commu- 
tator are mounted on a long, slender 
Two silver-faced brushes 
make contact on the commutator and 
supply current to the armature 
winding, which is termed the poten- 
tial coil. A resistance and a small 
shunt coil are connected in series 
with the armature winding and this 
entire circuit is, in turn, connected 
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in parallel with the line. As the 
strength of the field flux is propor- 
tional to the current flowing in the 
field or current coils, and the cur- 
rent in the armature coils is propor- 
tional to the voltage across the line, 
the torque of the armature is equal 
to the product of these two, or the 
watts. 

It is plain that unless some sort 
of brake or load were imposed on 
the armature the latter would ro- 
tate at a comparatively high speed; 
also a weak current would cause it 
to revolve.almost or quite as fast as 
would a stronger current, so that the 
instrument would be of little or no 
value. A large aluminum or copper 
disk is, therefore, mounted on the 
lower part of the armature shaft and 
made to rotate between the poles of 
two strong, permanent magnets, 
known as drag magnets. The disk 
does not touch these magnets, but as 
it rotates between the poles, cutting 
the lines of force sets up eddy cur- 
rents in the disk, which oppose its 
motion and act as a drag. This drag 
or retarding effect is exactly propor- 
tional to the speed. 

In order to reduce friction as 
much as possible, the lower end of 
the armature shaft is supported on 
sapphire or diamond jewels. Al- 
though two or three different types 
of jeweled bearings are in use in 
different makes of meters, as will be 
explained later, they all accomplish 
the same ends. Inasmuch as there is 
no weight on the upper bearing, the 
latter serving: merely to hold the 
armature vertical and keep it from 
tipping, this bearing usually takes 
the form of a fine steel pivot or point 
which fits into a small hole or recess 
drilled into the upper end of the 
armature shaft. 

All induction-type, alternating- 
current watt-hour meters operate on 
the same general principle, which is 
much like that of the induction 
motor, and for the most part differ 
only in some of the details of con- 
struction. 

Briefly, the essential elements are 
two sets of windings, known as the 
current and potential windings, 
which are arranged so that a rotat- 
ing magnetic field is produced which 
cuts a short-circuited moving mem- 


ber and makes it rotate. The current 


or series winding consists of two 
practically non-inductive coils wound 
with a few turns of comparatively 
large wire. These coils are wound 
in opposite directions and are con- 
nected in series with the circuit. The 
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Fig. 1—This form is made out 
upon notification that a shipment 
of meters is on the way. 


The Shipping Department holds this 
form until the meters come in. After 
the shipment has been checked for 
quantity and condition upon arrival 
the meters are sent, with this form. 
to the Meter Department. 


current coils are usually mounted on 
laminated iron cores or poles, which 


direct the magnetic flux toward the 


rotor or moving element. 

The potential winding comprises 
potential and impedance coils which 
consist of a large number of turns 
of fine wire and are mounted on lam- 
inated iron cores so as to produce a 
large phase displacement of the field. 
The potential coils are connected di- 
rectly across the circuit, either alone 
or in series with a separate impe- 
dance coil. 

The rotor or secondary is disk- or 
cup-shaped and is made of alumi- 
num. It is mounted on a shaft which 
is supported on jeweled bearings and 
is so placed that it rotates through 
the magnetic field produced by the 
current and potential windings. As 


Fig. 2—A record is made on this 
form of all instruments which are 
sent in for repairs. 

This record form, which ls used for 
all equipment that comes in for re- 
pairs, is sent along with the ship- 
ment to the proper department, in 
this case the Meter Department. 
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before, the rotor also revolves be- 
tween the poles of two permanent 
magnets which, by reason of the 
eddy currents which are set up, tend 
to stop the rotation and thus serve 
as a regulating device. 

Electrical measuring instruments 
come to our Meter Department in 
three different ways, so to speak. 
That is, we have purchased them, to 
be overhauled and sold; they have 
been offered to us for sale; or they 
have been sent in for repair by some 
outside concern. The general rou- 
tine and order forms for handling 
equipment from the time it is re- 
ceived in our plant until it is finally 
disposed of, were described in my 
article in the August, 1923, issue of 
INDUSTRIAL ENGINEER, but for the 
sake of completeness brief mention 
may be made of it as we go along. 

If the meters have been purchased 
by us, a Coming In order is made 
out on the orange-colored form 
shown in Fig. 1. This form is sent 
to the Shipping Department and 
held until the shipment comes in. 
Upon arrival it is checked for quan- 
tity or number of pieces and the in- 
struments are sent, along with the 
Coming In order, to the Meter De- 
partment. 

If the meter or meters have been 
sent in for repairs one copy of the 
white form shown in Fig. 2 is made 
out and sent with the shipment to 
the Meter Department. In any case, 
a white tag is made out, showing by 
whom the meters were sent in, and 
wired to the instruments. 

The first step is to make a thor- 
ough examination of each meter to 
determine the nature and extent of 
the repairs needed. This involves 
taking it all apart and testing the 
coils, examining the pivots, jewels 
and so on with great care. If the 
meter has been sent in for repairs 
the customer usually requests that 
we give him an estimate of the cost 
of doing the work. In many cases 
only comparatively minor repairs 
are needed. Often, however, the 
meter is in such poor condition that 
it is not worth repairing; that is, 
repairs would cost about as much as 
a new or overhauled meter. In any 
case, we notify the customer of the 
results of our examination and put 
the meter aside until he lets us know 
what his wishes in the matter are. 

Substantially the same procedure 
is followed in the case of meters 
which have been purchased, or which 
have been offered to us for sale. If 
we find that a meter which we have 
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purchased is in such condition that 
the cost of repairs will be excessive, 
we junk it. If it has been offered to 
us for sale and we find that we can- 
not overhaul it at a reasonable cost, 
we return it to the customer, or 
make some other mutually satisfac- 
tory arrangement. 

A good many things can happen 
to a meter through abuse, accidents 
or neglect, so that while many of the 
instruments which come to us are in 
very fair condition many others have 
almost everything the matter with 
them. For example, oftentimes a 
meter is dropped. This will almost 
invariably break the jewels or the 
pivot, or both. In addition, other 
damage may be done. Or in the case 
of a watt-hour meter, it may have 
been allowed to run for 10 or 15 
months without oiling or other at- 
tention, with the result that the 
glass-hard pivot cuts into the jewel 
bearing, to the consequent detriment 
of both. This condition will make 
the moving element rotate more 
slowly, so that it reads low. Usually 
this condition is discovered only 
when the meter is checked up or 
recent readings are compared with 
those taken previously. Again, a 
short-circuit or unduly heavy load 
will burn out the current coils; or 
lightning will burn out the potential 
coils, and occasionally wreck the 
entire mechanism. 

Assuming, however, that the 
meter is not in too bad condition for 
repairs to be made at a reasonable 
cost, each part is gone over in turn 
and the necessary work done on it. 
Usually the first step is to give the 
entire meter a thorough cleaning. 
To this end all of the parts except 
the coils are cleaned by immersing 
them in clean benzine. This treat- 
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ment will remove all of the old oil 
and dirt. When the coils of a meter 
have been thoroughly roasted, 
through an overload or other mishap. 
the entire mechanism is covered with 
a dirty, brown deposit which can 
best be removed by immersing the 
parts for a short time in a strong, 
boiling-hot solution of lye. For this 
operation the gear train is .disas- 
sembled and the gears strung on 
wires. Upon removal from the lye 
the parts are rinsed in clean water 
and given a quick dip in a mixture 
of equal parts of nitric and sulphuric 
acids, full strength. This dip bright- 
ens up the metal and is followed by 
a rinse in cold water and then im- 
mersion in hot water, to remove all 
traces of acid. Inasmuch as the 
parts are then hot they can easily 
be dried by shaking them in sawdust 
for a moment. 

If the finish on the cover of the 
meter is in good condition it is 
rubbed up and polished. Otherwise 
the old finish is removed by immers- 
ing the cover in the lye solution pre- 
paratory to refinishing it. We re- 
finish covers by giving them three 


Fig. 3—When material is with- 
drawn from or returned to the 
storeroom these forms are used. 


Supplies are given out by the store- 
keeper only on receipt of the form 
shown in A, which bears the shop 
order number of the job. The store- ` 
keeper sends these tickets to the 
office and enters on the upper part 
of C, which is held by the foreman, 
the kind and quantity of material 
disbursed. If the foreman of the 
Meter Department wishes to return 
any material for credit, he sends it 
back to the storeroom with the 
ticket shown at B. The storekeeper 
then gives this department credit 
for the returned material by mak- 
ing the proper entries at the bottom 
of form C. The amount of material 
used on any job is thus easily found. 
When the job is completed the 
forms are sent to the office and filed 
under the job number. 


TOTAL RETURNED 


NET AMOUNT USED 


C 
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coats of Black Railway Rubbing 
Varnish. Each coat is baked on by 
keeping it at a temperature of 300 
deg. F. for three or four hours. 

We are then ready to make such 
repairs to the meter mechanism as 
may be necessary. Beginning with 
the armature or moving element, the 
pivots are carefully examined under 
a magnifying glass to determine 
just what condition they are in. If 
a pivot is broken or badly worn it is 
replaced. The lower pivot is screwed 
into the lower end of the armature 
shaft, so that replacing it is simply 
a matter of unscrewing the old pivot 
and putting a new one in its place. 

It may be noted here that the 
lower pivots are of two general 
types. One type of pivot resembles 
those used in clocks and watches and 
is formed by turning down the end 
for a distance of about x in. to ap- 
proximately the diameter of an ordi- 
nary pin. The bearing used with 
this type of pivot consists of a sap- 
phire ring- or hole-jewel resting on 
a cap jewel or endstone. The pivot 
passes through the ring jewel and 
rests on the cap jewel, which thus 
bears the entire weight of the mov- 
ing element. 

In the other type of pivot the end 
of the armature shaft is not turned 
down, but is rather sharply rounded, 
like the end of an egg, and rests on 
a cup-shaped sapphire jewel. In 
Westinghouse meters still another 
type of bearing is used. The arma- 
ture shaft rests on a jewel which in 
turn rests on a very small steel ball 
supported on a cup-shaped jewel. 

A radically different method of 
supporting the armature shaft is 
employed in Sangamo mercury-type 
meters. In these the shaft is sup- 
ported on a disc immersed in mer- 
cury. In this case there is some 
thrust against the upper bearing, 
which is made up of a ring-jewel and 
endstone. „ 

In the course of time, and particu- 
larly if they are not oiled occasion- 
ally, pivots become rough and worn 
and require polishing. This opera- 
tion is performed by chucking the 
shaft in a small lathe, similar to 
those used by jewelers, and grinding 
the pivot smooth with a fine oil 
stone. Then it is polished with worn 
crocus cloth and the final finish given 
by polishing it with a piece of 
leather. As a rule the upper bear- 
ing, except in Sangamo meters, does 
not require any particular attention. 
In Sangamo meters, as noted before, 
the upper bearing is of substantially 
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the same construction as the lower 
bearing in many of the other meters, 
and receives the same treatment. 

If the meter is of the commutator 
type the commutator is, if necessary, 
smoothed down with very fine, worn 
crocus cloth and polished with silk 
tape. The brushes are similarly 
smoothed and polished. 

Although the jewels are extremely 
hard, they are also brittle and for 
that reason are usually broken if 
the meter is dropped or otherwise 
roughly handled. We inspect the 
jewels carefully and if they are dam- 
aged in any way they are replaced 
with new ones obtained from the 
manufacturer. 

If the current or potential coils, 
shunt, resistance and the like are 
damaged or burned out we replace 
them with new parts supplied by the‘ 
manufacturer of the meter. We do 
not attempt to wind our own coils, 
as we find that little or nothing is 
gained by so doing, although we are 
equipped to make almost any part 
that might be needed, with the ex- 
ception of jewels. In this way every 
part of the meter is carefully gone 
over and any repairs or replacements 
necessary to put the meter in first- 
class shape are made. 

It is, of course, necessary to keep 
track of the material used and the 
time spent in making repairs, and 
we have a simple but efficient system 
for doing this. Every job has an 


order number against which all time 


and material are charged. Material 
is requisitioned from the storeroom 
on the form shown in Fig. 3, A. As 
these tickets come in the storekeeper 
enters the kind and amount of ma- 
terial called for on the form shown 
in Fig. 3, C. Any material which the 
foreman of the Meter Department 
wishes to return to the storeroom is 
sent back along with the form in 
Fig. 3 B. The proper entries are 
then made at the bottom of the form 
in Fig. 3 C. When the job is com- 
pleted all of the tickets are turned 
in to the office and filed under the 
order number. The time tickets 
turned in by the men bear the order 
number of the jobs they have worked 
on. In the office the entries on the 
time and material tickets are trans- 
ferred to a cost sheet, from which 
the entire cost of any job may be 
obtained. 

After all repairs have been made, 
assembly and testing of the meter 
are then in order. For present pur- 
poses the only point in the assembly 
which needs to be mentioned is the 
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oiling of the jewel bearings. It is 
highly important that only the finest 
grade of clock or meter oil be used 
for this purpose. Inferior oils will 
soon become gummy and cause the 
meter to run slow. 

Testing watt-hour meters is, of 
course, one of the most important 
steps in the overhauling process. Un- 
less.a meter is properly adjusted it 
will not function properly, no matter 
how carefully the repair work may 
have been done. Testing is a sub- 
ject about which a great deal could 
be said, but at this time it is possible 
to indicate only some of the more 
important points. 

As everyone knows, there are three 
general methods of testing watt-hour 
meters: namely, (1) by the use of 
indicating instruments; (2) by com- 
parison with rotating standards; 
and (3) by the use of a calibrated 
resistance. We use the first-named 
method wherein, in the case of di- 
rect-current meters, the power pass- 
ing through the meter is measured 
by an ammeter and a voltmeter and 
the time required for the moving 
element to make a certain number of 
revolutions is determined with a 
stop watch. 

First we always check the dial 
register and gear ratio, to see that 
these are correct. We know that 


Fig. 4—Testing a polyphase watt- 
meter after overhauling. 


The tester is checking each phase 
separately by taking with a stop 
watch the time required for the 
moving element to make a certain 
number of revolutions while full- 
load current, as shown by an indi- 
cating wattmeter, is being passed 
through the meter. From these 
test boards current of any desired 
voltage, frequency or number of 
phases can be obtained. Power is 
supplied by a number of motor- 
generator sets, not shown here. 


Vol.83, No.5 


the moving element of a given meter 
should make a certain number of 
revolutions per minute when a cer- 
tain amount of power is passing 
through the meter. When making 
a test, therefore, we put on the 
meter a load corresponding to full 
load, and the time required for the 
moving element to make ten revolu- 
tions or so, depending on the con- 
stant, is noted. At this time the 
meter is, of course, going too fast 
or too slow. If it is going too fast, 
that is, if the time required for the 
given number of revolutions.is less 
than it should be, the drag magnets 
are moved slightly outward, or away 
from the shaft, to increase the re- 
tarding effect and thus slow down 
the meter. Conversely, if the meter 
is going too slowly, the drag mag- 
nets are moved in toward the shaft. 
The test is then repeated and the 
magnets again adjusted until the 
moving element rotates at the proper 
speed. The load is then decreased 
to 10 per cent of the full-load rating 
of the meter and the tests again re- 
peated, with such adjustments as 
may be necessary, until the moving 
element is rotating at the proper 
speed at this load. 

The meter is then tested for 
creeping, which is a slow rotation 
of the moving element when there 
is no load on the meter. In general, 
creeping may be due to one or more 
of the following causes: (1) Incor- 
rect compensation for friction. (2) 
Vibration, which may reduce the 
friction sufficiently to cause rotation. 
(3) Stray fields. (4) Too high volt- 
age. (5) In the case of three-wire 
meters connecting the potential cir- 
cuit on the load side of meter when 

(Please turn to page 259) 
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SLING CHAINS are most frequently over- 
loaded because the men using them are 
either careless or ignorant of how they 
are abusing them. Comparatively few 
men realize that they can overload a chain 
when lifting a weight much below the 


rated safe working load of the chain. 


How this is possible is only one of the 
important considerations in chain service 
which are taken up in this article. 


Some of the 
More Common 


Ways in Which 
Sling Chains 
Are Abused 


Together With a Short 
Discussion of Some Im- 
portant Principles of 
Chain Loading Which 
Are Often Misunder- 
stood or Overlooked in 
Practice 


By DAVID FLIEGELMAN 
Chain Design Division, American Chain 
Co., Bridgeport, Conn. 


SSURANCE that the chain is 
A of ample size is perhaps the 
most important consideration 
when selecting chains to be used for 
hoisting heavy loads. This includes 
chains used on slings, cranes, dredg- 
ers and on other similar work where 
the chain is subjected to extremely 
severe usage. Manufacturers of 
chains give a safe working load rat- 
ing which should not be exceeded. 

In other words, a chain should be 
ordered sufficiently heavy for the 
work it is to do and at no future 
time should it be put to more severe 
use. It is not enough to know that 
the load lifted is below the safe load 
for that chain. There are other 
ways in which the safe load of a 
chain may be exceeded, even though 
the weight lifted is below the rated 
load. How that may be done will be 
explained later in this article. 

In plants where human life may 
be endangered or where expensive 
machinery may be damaged by fall- 
ing loads, chain manufacturers 
usually recommend dredge-quality, 
wrought-iron chains for service. 
Steel chain is not ordinarily recom- 
mended for use where loads are han- 
dled above the heads of workmen, or 
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in other places where a dropped load 
would be dangerous. In some places 
where no particular hazard is in- 
volved, a steel chain may be used 
with entire satisfaction. 

The reliability of any chain de- 
pends upon the quality of the welds 
and the material of which it is 
made. Because of the physical char- 
acteristics, which will permit the 
chain to suffer considerable abuse 
before fracture occurs, wrought iron 
is the best material to use. The 
quality of the iron can be obtained 
from laboratory tests; the quality of 
the welding is indicated by the 
“proof test“ and careful inspection. 

Chain should be proof-tested be- 
fore using, as no chain is safe unless 
so tested. This is usually done by 
the manufacturer, who will furnish a 
certificate to that effect whenever re- 
quested to do so. The proof-test 
consists simply in applying a test 
load which is above the safe working 
load. This stress will be below the 
yield point of the metal but high 
enough to open any improperly weld- 
ed links. High proof-tests deform 
the links and strain the material so 
that the shock-resisting qualities of 
the chain are depreciated. The safe 
working load rating of the chain 
would ordinarily be considerably be- 
low the load to which the chain has 
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Here the load is lifted without extra strain 
on the chain due to twisted links or to a 
wide angle between the branches of the 
sling. The National Safety Council, how- 
ever, points out that the man at the right 
is endangered by using his hands to guide 
the chain. 


been proof-tested. Careful inspec- 
tion after proof-testing will indicate 
any cracks or other signs of poor 
welds which did not show up before- 
hand. 

Overloading is perhaps the most 
serious service abuse to which chains 
may be subjected. The strength of 
a chain may be seriously impaired 
by overloading it. Overloading has 
no relation to the age of a chain, as 
even a new chain may be impaired 
within a comparatively short time. 
The natural elasticity of the wrought 
iron is sufficient to take care of any 
proper or safe loading, if this is 
within the manufacturer’s rating. 
If not overloaded or stressed beyond 
the limit of elasticity or yield point 
the chain will regain normal shape 
as soon as it is relieved of its load. 
When stressed beyond its yield point 
by an overload, the metal in the link 
does not go back to normal condition 
or shape after the load is removed. 
When the yield point of the metal is 
once passed by an overload the metal 
is never as strong as before. 
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Because of improper application 
the total actual stresses set up in the 
links may be far in excess of those 
due merely to the weight of the load 
lifted. These increases in stresses 
in the chain due to improper use of 
the chain often have more serious 
results than an actual overload. 
These increased stresses may be due 
to any of the following causes: (a) 
Sudden application of load, shocks 
and sudden jolts. (b) Twisting of 
chain, kinks in chain and crossing of 
chain. (e) Bending of links around 
sharp corners. (d) Large angles be- 
tween the branches or legs of double 
sling chains. 

Of all of these four ways of abus- 
ing sling chains, probably the one 
least .understood and appreciated is 
the last. The table below shows 
the safe working load for double 
sling chains under various conditions 
of attaching the hook to the load. 
It will be noted in this that as the 
angle between the two chains in- 


creases and the angles between the 


chains and the load decreases a lower 
safe working load may be handled. 
This is because that as the angle 
increases between the two chains the 
tension in each branch of the sling 
increases. While this is easily un- 
derstood by those who have studied 
mechanics or mathematics, it is 
somewhat difficult to explain. The 
drawing on page 227 will, however, 
illustrate how this load is increased 
in each branch of the sling, although 
it does not explain why nor where- 
fore. 

The arms of the two men carrying 
the traveling bag represent a double 
sling chain (inverted) with one arm 
of each person taking the part of 
one branch of the sling. While the 
two men stand close together with 
their arms down straight and paral- 
lel, each carries one-half of the load 
without much effort or strain on the 
arm. However, as the men step far- 
ther apart, the angle between the 
arms increases and as it does so, the 
load or pull which each man must 
exert to hold the traveling bag in 
the position shown increases. The 
strain on the men in positions E and 
F would far exceed their ability to 
stand the strain. In the same way 
a chain is overloaded. 

When the angle between the 
branches is 170 deg., or the angle 
between the chain and the load 5 
deg., as shown in the right-hand col- 
- umn of the table at the right, the 
safe working load is only 10 per 
cent of the safe load when the chains 
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How Stresses Increase in 
Branches of Sling Chains 


l 
— 
Degrees 


1. 
l. 
l. 
l. 
1. 
1. 
l. 
l. 
1. 
l. 
1. 
2. 
2. 
2. 
3. 
5. 
l. 


Note: When the chains are ver- 
tical the pull is equal to the load. 
As the angle between the branch- 
es of a double sling chain in- 
creases, the pull also increases in 
the ratios and percentages shown. 
Under ordinary conditions half of 
the load would be taken by each 
branch of the sling. 


are almost vertical. In other words, 
the stress in these chains, if the 
same load were lifted in each case, 
would be about 111% times as great 
with the chains at a wide angle, as 
when the chains are vertical. Half 
of this load would be taken by each 
branch of the chain. However, this 
stress would exceed the factor of 
safety of three and one-half to four, 
which is ordinarily used in a chain. 
Thus the stress or overload may be 
great enough to rupture the chain 
even though a load much heavier 


could be handled with safety if the 


chain had been applied differently. 
It will be noticed that when the 
angle between the chains is 120 deg., 
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or the angle between the chain and 
the load 30 deg., that the stress on 
each chain is equal to the total load. 
This angle might be considered as 
the absolute maximum at which 
sling chains should be used, and a 
much smaller angle would be prefer- 
able. 

Practically the only method of 
preventing any of these abuses of 
chains is to know the effect of them 
and exercise care to prevent them. 
An inexperienced man should not be 
assigned to the task of adjusting: or 
placing chains on loads that are to 
be lifted. 

Repeated overloading of chains 
produces fatigue which weakens the 
chain sufficiently so that it may 
break sometime later even though it 
is loaded below its safe working load. 
The unsafe condition of the chain 
does not always show up when the 
overload is applied. A good 
wrought-iron chain will usually in- 
dicate that it is in an unsafe con- 
dition before actually rupturing. 
One of the most obvious indications 
of an unsafe chain is elongation 
which may be due either to deforma- 
tion of the links, or to inter-link 
wear. 

Deformation of the links is due to 
overloading, which makes the links 
narrower and longer, and destroys 
their elliptical shape; consequently, 
the chain loses its shock-absorbing 
properties. Results of tests show 
that in consequence of the deforma- 
tion of the links and strain or 
fatigue of the metal, the chain be- 
comes brittle. The wear on the in- 
ner surfaces at the ends of the links, 
where they “bottom,” is due to the 


Safe Load in Pounds for 
Double Sling Chains Under Different Loading Conditions 


SIZE 
Or 

CHAIN 

INCHES 


of he 
-4709 8350 


e 2,700 
4,500 | 
Ya | 6900 


he [14,000] 24,000) 


[2880 
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WHEN sto WHEN USED |WHEN USEO 
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mioo | 750| 570| 380] 100 

“2700 | 1850] 1450| 340| 470 

me Rie -4.500 | 3100 | 2,300] — T80 
000| 9.150 | 6800 | 4.700 | 3.550 | 

7 Tlo10o [17500] 14000] 10100 | 6900 
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I115,000| 94000166600 45,.600[34,500, 
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-_ — — ) —— wT— — 


288 1200- 
| 5.200 | 3500| L750 | 


| 6500 | 3200 | 
"19,700 | 15,000 [10,000 | 000 | 5,060 | 
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Nor: The drawings in the heading show the application of the chains 
to the load. When the angle between the chain and the load is only 5 
deg. the safe load is only 10 per cent of the safe load when the angle 
is 60 deg. This may be compared to the chart showing analogous loading 
between chains and men carrying a hand bag by subtracting the sum 
of the two angles indicated here from 180 deg. to give the angle between 


the two branches of the sling. 
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links rubbing against each other un- 
der load. 

Any excessive wear decreases the 
cross-section of the metal at the ends 
of the links and so decreases the fac- 
tor of safety of the chain. From 
the above we see that the result of 
overloading a chain is made evident 
by the elongation. In many shops, 
men are trained in the careful use 
of chains and are taught that only 
loads that do not stretch the chain 
are safe. 


SOME EASILY APPLIED METHODS OF 
INSPECTING SLING CHAINS 


To detect elongation, the chain 
should be measured when new, be- 
fore it is put into use and again 
measured at each inspection period. 
Either the overall length of the 
chain can be measured and recorded, 
or the chain can be measured off in 
3-ft. sections, and marked off care- 
fully by prick-punch marks. 

It is recommended that chains in 
daily use and subjected to ordinary 
service should receive careful inspec- 
tion about once in two or three 
weeks. If used for more severe or 
heavier duty they should be in- 
spected more often. If chains are 


not used daily they may be inspected 
at such proportionately greater in- 
tervals as the experienced chain man 
may consider necessary. 
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Precautions to Take 
When Using Chain Slings 


Don’t overload a chain. 


Don’t apply a load to a chain sud- 
denly. 


Don’t fasten chains over sharp cor- 


ners or edges. 
Don’t cross a chain, twist it or 
put a kink in it. 
9 . 
Don’t take chances; if a chain 
doesn’t look safe or doesn’t pass 
inspection, scrap it. 
Don’t forget constant and careful 
inspection. 


Inspection consists in closely 
examining every link, hook and ring 
for defects. If any link or attach- 
ment shows a flaw, insecure weld, 
crack, fracture, or any other defect, 
the chain should be laid aside and 
marked unsafe. It should not be 
used again until the defective parts 
are taken out of the chain, and the 
chain is repaired. The chain should 
also be measured for elongation, 
having been measured or marked off 
when new, as described above. If 
any 3-ft. section has been found to 
be stretched considerably more than 
the remainder of the chain, that 
section, or still better, the whole 
chain should be condemned for that 
particular job. 

Records should be kept of the re- 


— — 
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sults of inspections, and when they 
show that a succession of chains on 
a given job have all become consid- 
erably elongated, it is natural to in- 
fer that the service requires a chain 
with a higher factor of safety—in 
other words, a heavier chain. This 
system of periodic inspection has 
been found very effective in reduc- 
ing chain failures. A chain that 
has been elongated on some particu- 
lar job may still be safe to use on 
lighter service. Excessive elonga- 
tion is the result of the careless use 
of the chain, and this should be cor- 
rected at once. If there is any ap- 
preciable wear at the ends of the 
links where they bottom, the chain 
should be considered unsafe, or the 
safe working load should be reduced 
until it is well within the safe work- 
ing capacity for the weakened con- 
dition. 


SOME POINTS TO CONSIDER ON AN- 
NEALING CHAINS 


Hoisting chains are usually sub- 
jected to severe usage and are, there- 
fore, particularly liable to failure 
through fatigue, due to repeated 
shock or loading, and through over- 
strain due to overloading. Stretch- 
ing of the chain due to overloading 
also tends to make the metal brittle. 
Annealing, when properly and care- 
fully done, softens the metal suffi- 
ciently to relieve the internal strains, 
makes the chain less brittle, and al- 
lows it to stretch before breaking 
when overloaded. The sling chain 
hook should also be annealed with 
particular care, for when properly 
annealed, it will gradually yield and 
begin to straighten out, if overload- 
ed, and thus give warning of pos- 
sible danger. Chains and attach- 
ments should be inspected very care- 
fully after annealing, as defects and 
flaws not visible before annealing 
may then show up. Many large 
foundries and railroad shops anneal 


The right and the wrong methods 
of hooking up a single sling chain. 
The illustration at the left shows 
the correct method of using a sin- 
gle-sling chain to handle loads such 
as this. Here the sling is suspended 
from the middle of the burden hook 
and the grab hook is also properly 
fastened. In the illustration at the 
right, however, the ring of the chain 
is caught over the tip of the burden 
hook, even though it is too small to 
go onto the hook far enough to be 
safe. In such cases as this where 
the load is applied so far out on the 
tip of the hook an extra heavy load 
may straighten out the hook until 
the load may slip off. The hook is 
designed to carry the load down in 
the throat and not on the tip. Also, 
in this case, the grab hook is im- 
properly fastened. These illustra- 
tions are used by courtesy of the 
National Safety Council, Chicago. 
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their chains at regular intervals by 
competent workmen, who know how 
to secure the desired results. 

There does not seem to be as yet 
a recognized standard method of 
annealing chains, as evidenced by 
the different methods and tempera- 
tures employed by the large users of 
chains, who consider periodic an- 
nealing of some value. 

Many other important factors 
enter into the problem of the proper 
annealing of chains; however, in 
general, annealing consists in heat- 
ing the chain to a uniform tempera- 
ture of between 1,500 deg. F. and 
1,600 deg. F., keeping it at this heat 
only long enough to heat the chain 
throughout, and allowing it to cool 
freely in air. | 

It should also be remembered that 
every annealing operation lowers the 
breaking strength of the chain, and 
hence decreases the safe working 
load. Annealing does not eliminate 
the minute cracks in the metal 
caused by repeated overloading; nor 
does annealing restore an elongated 
chain to its original length. Rather 


than recommend the annealing of 


chain, we emphasize the importance 
of preventing the overloading of 
chains. Annealing is merely a 
means of partially compensating for 
abuse of a chain. 


FIXING RESPONSIBILITY FOR CARE OF 
SLING CHAINS 


In every shop some particular per- 
son should be held responsible for 
the selection of the sling chains used 
for hoisting, and for making suit- 
able hitches about the loads. Experi- 
ence will have taught him to be able 
to select the proper sling quickly and 
- intelligently, and to attach the sling, 
or to hook on to the load in the best 
and safest way. 

When the load to be lifted has 
sharp corners or edges, they should 
be protected where the chains run 
over them; otherwise the sling or 
load, or both, may be damaged. 
Thick pads of burlap or other soft 
material or, still better, wooden pro- 
tective corner pieces, made by nail- 
ing two blocks of wood together to 
form an L-shaped block which fits on 
to the corner of the load, are used to 
prevent the sling from being abraded 
as well as the load from being 
damaged. 

A double sling chain should be 
sufficiently long to leave consider- 
able space between the top of the 
load and the point of suspension of 
the sling. This is to keep the angle 


NDUSTRIAL ENGIN 


It is only by careful inspection that 
an unsafe link such as this is found. 


Here the link shows excessive wear 
where it “bottoms” on the. ring: also 
it is beginning to crack. This link 
would probably break on the first 
heavy load applied. The remainder 
of the chain looks as though it were 
in good shape and would have con- 
siderable useful life in it if this link 
were replaced. 


between the legs of the sling as 


small as possible, usually under 75 
deg. except in unavoidable cases. 
The fact is 6ften disregarded that 
the greater the angle between the 
legs or branches of the sling, the 
greater the stress in the links under 
an equal load. How much this stress 
increases with each increase in the 
angles is given in the table at the 
top of page 224. 

Hooks on sling chains are some- 
times forced into place by striking 
them with some heavy implement. 
This practice should be prohibited, 
as the hooks may thereby be danger- 
ously weakened. The hooks should 


Vol. 83, No.5 


not be used so as to carry a load on 
their point. Hooks are not designed 
for such service and, if so used, are 
very likely to open up or break. 
Sling chains generally have a ring 
to. hook into, or else the hook grabs 
the chain; that is, the chain passes 
through the belly of the hook. The 
point of the hook should never be 
inserted into a link. 

The accompanying table shows the 


Sizes of single and double slings rec- 


ommended for various loads. The 
sizes of double sling chains are based 
on the assumptions that the angle 
between the legs is not over 75 deg. 
and that approximately one-half the 
load is carried by each leg. If either 
or both these conditions are not ful- 
filled, a suitably heavier size of chain 
should be used. If the load is of 
such a nature that one leg carries 
considerably more than the other, 
care must be taken that the leg car- 
rying most of the load is not over- 
loaded. One leg or branch of the 
sling may carry an undue proportion 
if the load is not applied properly. 

On chain hoists, where the chain 
passes over a wheel which has a 
rather small diameter, there is an 
excessive movement or rubbing of 
the links at the ends where they 
bottom. If the chain carries a heavy 
load, the wear at the point of bot- 
toming may be excessive. This wear 
results in a reduced section at the 
ends of the links, and the factor of 
safety of the chain is therefore re- 
duced. To prevent this wear, the 
diameter of a chain wheel should be 
about 24 times the size of the chain, 
and never under 12 times, if it can 
be avoided. There may occur condi- 
tions when it is inadvisable to in- 
crease the present size of a small 
wheel; in such cases the chain 


Sizes of Sling Chains Recommended for Given Loads 


DOUBLE 
SLING 
INCHES 


NOTE: 


DoUBLE 
Stine] 
INCHES 


Sizes of double sling chains made from dredge chain are based on 
the assumption that the angle between the two legs is not over 75 deg. and 
that approximately one-half the load is carried by each leg. If these con- 
ditions are exceeded, a heavier size of chain should be used. 
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should be replaced by a new one as 
soon as it shows any appreciable 
wear. The size of a chain is deter- 
mined by the diameter of the metal 
used to form the link. 

When a block or pocket-wheel 
chain has become stretched, due to 
overloading or to wear, the links no 
longer fit the wheel. The only rem- 


Although these drawings do not ex- 
plain “Why,” they show how the 
branches of a double-sling chain 
may be overloaded, and in a man- 
ner which can be easily understood. 


The load on the two chains &and the 
strain on the arms of the two men 
arag the handbag are similar. 
It will be noticed that as the arms 
of the two men are practically 
vertical each carries approximately 
half the weight. However, as the 
angle between them increases, the 
pull or strain on their arms also 
increases. As long as this angle is 
of moderate size the increase is not 
important because a chain has a 
factor of safety which will take 
care of the slight increase in load. 
However, at 120 deg. the pull on 
each chain equals the total load. 
The pull is excessive at 170 deg., 
where each of the branches takes a 
stress approximately 5% times the 
original load. Ordinarily, the factor 
of safety in a chairn is somewhere 
between three and four times its 
safe working load. The angle be- 
tween the branches should never be 
over 120 deg., as even at that point 
the chain is under a stress of twice 
as much as the weight of the load. 
An accompanying table shows the 
safe working load of chains at vari- 
ous angles. An angle of 75 deg. 
is the maximum recommended. 
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This chain has been permanently 
damaged by overloading. 


Overloading chains until they 
stretch causes the links to lock so 
that the chain becomes stiff. This 
chain has been so heavily over- 
loaded that the links are no longer 
pliable. The entire weight of the 
chain is supported by the seven 
horizontal links held in the vise. 
Other links below the hook in the 
illustration are also locked because 
of stretching. In this case the dam- 
age is largely confined to one 
branch of the chain. This may be 
due to the fact that the entire load 
was at times lifted by one chain 
instead of using the double sling. 


edy is to install a new chain. When 
a chain is removed from a wheel to 
be repaired, it is essential that the 
chain be replaced so that the links 
lie in the same plane as they did be- 
fore being removed. Observance of 
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this rule will add considerably to the 
life of the chain. By marking a few 
of the links before removing the 
chain from the wheel, this can be 
easily accomplished. Obviously the 
chain should not be twisted when re- 
placed. 

Keep chains clean and free from 
grit, which causes rapid wear at the 
ends where the links bottom. This 
wear can be decreased by oiling the 
bearing surfaces between the links. 
In fact, frequent oiling of the com- 
plete chain will not only prolong the 
life of the chain, but will also pre- 
vent rusting.» However, oil should 
be used sparingly on hoisting chains 
operating in places where the air 
contains gritty or abrasive material. 
The oil will simply catch the dust 
and hold it. 

Chains for hoisting or for slings, 
like any other kind of industrial 
equipment, must be handled properly 
to insure long life and satisfactory 
service. Of all the abuses, overload- 
ing is the most serious not only be- 
cause of the damage to the chain but 
also because of the serious accidents 
which may result when an over- 
strained chain gives way. There is 
no telling where the load will drop. 
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Here Are the 
Details of a 
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Fuse Color Scheme That 


Prevents Misuse of Fuses 


Together With an Analysis of the Causes of Im- 
proper Use and the Methods That Can Be Used to 


Correct the Trouble 


By CHARLES R. HEPNER 


Chief Electrician. Willard Storage 
Battery Co., Cleveland, Ohio 


BOUT seven or eight years ago, 
A ete several years spent in 
maintaining the equipment in 
a large plant where the aim of the 
Electrical Department was to keep 
the motor outages down to the low- 
est possible point, I became con- 
vinced that a great deal of our 
trouble was of our own making. As 
proof that my diagnosis was correct, 
we finally arrived at the point where 
we carried the plant along for sev- 
eral years with no motor outages 
over eight minutes in duration. 

A great deal of this successful 
operation I attribute to the fact that 
we decided, after considerable inves- 
tigation and thought, that most of 
our troubles were due to improper 
handling and misuse of our best 
friend, our safety valve, the fuse. I 
found that there were many contrib- 
uting factors to this improper han- 
dling and misuse of the fuse. 

As is generally the case in most 
shops, we kept our fuses in drawers 
or bins, the various sizes being kept 
in regular order. For instance, the 
10, 15, 20, 25, and 30-amp. N. E. C. 
cartridge fuses were kept in five 
bins which were placed in a row side 
by side. The 60-amp. cartridge fuses 
refilled for various ratings were kept 
nearby. . 

Our investigation showed that our 
fuse troubles were due to our own 
carelessness (and we are perfectly 
frank in calling it carelessness) and 
that they could be attributed to the 
following causes: 


(1) Fuses with the paper sticker off. 

(2) Fuses in the wrong bin, although 
properly labeled. 

Fuses refilled to a capacity other 
than that indicated by the 
sticker. 

Fuses refilled improperly. 

Fuses blown but put into the 
stock bins. 

Overfused apparatus. 


I am sure that you will agree with 
me in using the term carelessness 
after you give these remarks a little 
consideration. For instance it may 
not necessarily be due to careless- 
ness that a sticker is lost from a 
cartridge, but it is carelessness, pure 
and simple, to take it for granted 
that a fuse is a 10-amp. fuse just 
because it is in the 10-amp. fuse bin. 
Again, it is carelessness when a 
blown fuse is accidentally returned 
to the stock bin with some good 
fuses, because the maintenance man 
forgot to test them out. 

Let us consider in detail some of 
the troubles that our investigation 
showed were causing the misuse of 
fuses. 

(1) Fuses with the Paper Sticker 
Off —There are quite a few things 
that can and do happen because our 
friend the fuse has lost his identity. 
One man will pick up the fuse and 
on seeing no identification mark will 
toss it into the 30-amp. bin with the 
remark, “Well, if it isn’t a 30 it will 
blow and the motor will be protected 
anyway.” 

But, he doesn’t stop to think that 
when that fuse does blow because it 
is not a 30 and is inserted where a 
30 ought to be, it means much more 
than the price of a fuse. It means 
a motor down longer than necessary ; 


Vol.83. No.5 


“INVESTIGATION showed 
that our fuse troubles were 
due to our own carelessness 
(and we are perfectly frank 
in calling it carelessness) 
and that they could be at- 
tributed to the following 
causes: (1) Fuses with the 
paper sticker off; (2) fuses 
in the wrong bin although 
properly labeled; (3) fuses 
refilled to a capacity other 
than that indicated by the 
sticker; (4) fuses refilled im- 
properly; (5) fuses blown but 
put into the stock bins; and 
(6) over-fused apparatus.” 

In these words Mr. Hepner 
tells what was disclosed by 
a careful study of the meth- 
ods of handling and using 
fuses, in an endeavor to elim- 
inate the troubles which 
were being experienced. In 
the accompanying article he 
analyzes the causes and re- 
sults of the conditions which 
were found and explains the 
plan that he used to over- 
come them in the plants of 
the Peerless Motor Car Com- 
pany and the Willard Stor- 
age Battery Company. 


it means one or more men out of 
work longer than necessary; it 
means that production is held up 
longer than necessary; it means 
friction between the production and 
the maintenance departments; it 
means loss of profit to the firm; and 
it means a loss of bonus to the men. 
So you see, it means a great deal 
more than just the price of a fuse. 
And all because a sticker was lost 
from a fuse cartridge. 

Another man will look at the fuse 
without a sticker and he will say, 
“T’l] put it in the 10-amp. bin, for if 
it is heavier it will carry the load 


Color Scheme for Indicating Size of Fuse 


AMPERF RATING OF FUSE 


| SIZE OF 
| CARTRIDGE | : | 
BLACK WHITE YELLOW BLUE GREEN 
CC | 
lto 30 amp. 10 15 20 25 30 | 
35to 60 amp. 35 40 45 50 60 
65 to 100 amp: 65 75 80 90 100 | 
110 ꝗo 200 amp. 110 125 150 175 200 
225 to, 400 amp. 225 250 300 350 400 
150 to 600 amp.. . i 450 l 500 | 525 | 550 | 600 | 
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without blowing.” But he doesn’t 
realize that if it happens to be a 30- 
amp. fuse that is inserted where a 
10-amp. fuse ought to be, it will 
probably result in a burned-out piece 
of apparatus. This in turn means 
more expense and loss than in the 
previous case, for it entails changing 
motors and possibly rewinding one. 
It takes time and money to replace 
and repair a burned-out motor. 

If a careful man happens to get 
the fuse with the sticker off he will 
take it apart and find out for sure 
just what size it is; but this again 
is a waste of time. 

(2) Fuses Properly Labeled but 
in Wrong Bins.—It happens fre- 
quently that a fuse will get over the 
partition into the wrong bin. For 
instance, when a man is putting a 
lot of 15-amp. fuses into the correct 
bin, one of them may accidentally 
fall over into the 20-amp. bin and 
the maintenance man will take it to 
be a 20 because it is in the 20-amp. 
bin. Or if it falls into the 10-amp. 


bin it will be mistaken for a 10. So. 


you see the same conditions arise as 
in the case where the sticker is lost 
from the cartridge. 

(3) Fuses Refilled to a Rating 
Other Than Indicated by the Sticker. 
—Of course, it is to be expected that 
when a fuse is refilled to a rating 
other than indicated by the sticker, 
the man refilling it will mark the 
rating on the case; but sometimes 
we all forget. So again we have the 
same conditions as when the sticker 
is lost, only in this case we are mis- 
led by the marking. 

(4) Fuses Refilled Improperly.— 
Unless care was exercised in choos- 
ing the man to refill the fuses, we 
found that the refills would be put 
into a cartridge without cleaning up 
the contacts; or the fastening screws 
would be left loose; or the refills 
would be twisted and partly torn. 
These troubles can be overcome only 
by selecting competent and trust- 
worthy men to do the refilling. 

(5) Blown Fuses Put in Stock 
Bins.—Our investigation showed 
that frequently the trouble shooter 
would, when returning fuses to the 
bins, put a burned-out fuse in the 
bins along with the good ones. This 
necessitated testing each fuse when 
it was taken out of the bin. This is, 
of course, a waste of time, as all 
fuses in the bins should be O. K. 

(6) Apparatus Overfused. We 
found also that the custom or habit 
of the ordinary electrician, when 
removing a burned-out fuse, is to put 
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in one just a little bit heavier. This 
is done because he thinks that the 
motor is carrying a load up to the 
capacity of the fuse and he doesn’t 
want any more fuses to blow in this 
motor line. This practice results in 
the - circuits gradually becoming 
overfused, so that they are no 
longer protected by the fuses. 

In order to overcome the troubles 


Scheme used for indicating under- 
fusing or overfusing of a cartridge. 
If a fuse is refilled with links below 
the rating of the cartridge, length- 


wise red stripes are painted on the 
cartridge, as shown in the top illus- 


tration. Each stripe indicates that 
the fuse is one size smaller than 
that given for the main color of the 
fuse as indicated in the accompany- 
ing table. If larger than rated 
refills are used in a cartridge, red 
rings are painted on it, as shown in 
the bottom illustration. Each ring 
indicates one size larger than the 
rating for that color as shown in 
the table. For instance, a 200-amp. 
cartridge having the barrel painted 
yellow with one red ring around it, 
would indicate that the fuse had re- 
fills in it to make it blow at 300 
amp. instead of 200 amp., which 
would be the case if no red ring 
were painted around the barrel. 


brought to light by our investiga- 
tion, we decided to adopt the follow- 
ing scheme: (1) All fuses to be re- 
filled and put in stock by one re- 
sponsible man; (2) records kept of 
all fuse outages; (3) installation of 
a color scheme for fuses. 

One man on whom we could rely 
was delegated to inspect all fuses on 
hand, to do all refilling, and to have 
charge of the painting of the cases. 

A survey of our plant was then 
made and the various apparatus was 
carefully fused according to its de- 
mand. A record of this was made 
for future reference. Each time a 
fuse is replaced for any reason, a 
report is made showing the rating 
of the fuse taken out, the rating of 
the fuse put in, and the cause of the 
change. If the rating of the fuse 
was changed, a satisfactory reason 
must be given. This stopped the 
practice of putting in fuses of 
higher rating without adequate rea- 
son therefor. 

To overcome the troubles due to 
the first three causes listed before 
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we decided upon a color scheme for 
the fuses. Five colors—black, white, 
yellow, blue and green—were chosen 
for the base colors, with red for a 
danger sign. 

For instance, we took a 10-amp. 
cartridge, scraped the paper sticker 
cff and painted the barrel black. We 
also painted the 10-amp. fuse bin 
black. The 15-amp. cartridge and 
bin were painted white, and so on. 

A light blue must be used to keep 
this color from getting confused 
with the black when the blue gets 
dirty. 

The accompanying table shows the 
sizes we chose to use and as they 
cover the range of sizes pretty thor- 
oughly, we have no trouble in prop- 
erly distinguishing with the five 
base colors, the fuses which it is 
necessary to keep on hand. A great 
many times it is convenient to un- 
derfuse a cartridge. For instance, 
we may have a 200-amp. fuse block 
and want only a 100-amp. fuse in 
the circuit. To provide for this 
emergency, we take a green 200-amp. 
cartridge and refill it for 100 amp. 
A red stripe is then painted along 
the cartridge from one end to the 
other. If this same fuse were re- 
filled for 60 amp., two stripes would 
be painted on the cartridge and the 
cartridge would be placed in the fuse 
block with the stripes facing out, so 
that it could be seen at a glance that 
the fuse was underloaded. One 
stripe is used for each variation in 
size of cartridge. Reference to the 
accompanying table will show that a 
200-amp. fuse in a 200-amp. size case 
would be painted green. 

If a red stripe is painted on the 
green case, it indicates that the fuse 
link in the 200-amp. case is the next 
size smaller than that shown in the 
green column of the table; that is, it 
is a 100-amp. link. If there are 
two red stripes painted on the green 
case, it would indicate that the 
fuse link was two sizes smaller than 
the 200-amp. size given in the green 
column; that is, it would be a 60- 
amp. link. This scheme of striping 
is shown in the accompanying illus- 
tration. 

Sometimes it is necessary to over- 
fuse cartridges and in this case a 
red stripe or ring is painted around 
the center of the cartridge. One 
ring is used for each variation in 
size of cartridge. For instance, if 
we have a 60-amp. fuse block and 
want to put in 150-amp. fuses, we 
would take cartridges painted 

(Please turn to page 260) 
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MACHINE WINDING of fractional horse- 
power, universal and other small arma- 
tures, as contrasted with hand winding, 
presents important advantages in the way 
of saving in time, uniformity of winding 
and lessened danger of short-circuits and 
other defects or injury caused by pound- 
ing. In this article Mr. Chapman de- 
scribes the procedure involved in winding 
small armatures by machine and gives 
some helpful suggestions on various 
phases of the work, including the con- 
necting of the leads to the commutator. 


Some Practical 
Pointers on 


Winding 
Armatures 


by Machine 


Together with Methods 
of Insulating the Core 
and Connecting Leads to 
the Commutator 


By P. E. CHAPMAN 

President, P. E. Chapman Electrical 

Works, St. Louis, Mo. 
RACTICALLY all small arma- 
Pisses coming within the classes 

- known as fractional horse- 
power, fan, and universal, as well as 
some automobile generator arma- 
tures, are best wound by machine. 
Machine windings have the ad- 
vantages that they are more nearly 
parallel, take up less space, are more 
free from short-circuits and other 
defects, and may be put on many 
times faster than by hand. In view 
of the very large number of small 
motors that are in use, a brief de- 
scription of the principles and meth- 
ods of operating armature winding 
machines may be interesting. 

There are two distinct types of 
armature winding machines. The 
first is a fixed-size machine which 
will take only one size of armature, 
although it will handle any of the 
various windings usually put on the 
same armature core, for example, 
32-, 110- or 220-volt windings. Such 
machines are, of course, suitable 
only for factories where the produc- 
tion of one size of armature is large. 
Machines of this type are usually 
double-ended; that is, they have a 
headstock and tailstock. 
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Although there are several dif- 
ferent makes of adjustable-type ma- 
chines which can be used for 
winding the classes of armatures 
mentioned above, the descriptions 
and directions will apply in a gen- 
eral way to all of these machines. 

Contrary to what might be ex- 
pected, armature winding machines 
are of comparatively simple con- 
struction. For example, the Chap- 
man bipolar drum armature winding 
machine, which is representative of 
this class of machines, consists es- 
sentially of a winding head which is 
mounted directly on the shaft of the 
driving motor. As will be seen from 
some of the illustrations, there are 
two jaws which are adjustable and 
serve to hold the armature core 
firmly while the coils are being 
wound on. Curved wings guide the 
wire into the slots. A counter 
mounted at the side of the driving 
motor keeps track of the number of 
turns wound on. 

The wire, which is wound on 


' coils about half wound on. 
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The operator of this armature winding 
machine has stopped it with one of the 
The turn- 
counting device may be seen just above 
his left hand. As will be noticed, the 
driving motor is controlled by the foot 
lever. The hand wheel, on which the 
operator’s left hand is resting, serves as a 
brake and is used for putting on the last 
one or two turns. 


spools, passes through a tension de- 
vice which maintains the tension 
uniform and at the desired value, 
and permits quick starting and stop- 
ping without stretching the wire or 
allowing it to keep on unwinding 
after the machine is stopped. A 
general view of this machine is 
shown in the illustration at the be- 
ginning of this article. 

Before an armature is stripped 
for rewinding, certain data should be 
taken and kept for reference, unless 
these data are already on file. The 
data required for rewinding small 
armatures are similar to that needed 
when ‘working on large armatures 
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and should include the following 
items: 


(1) Nameplate rating of the motor 
or generator. 

125 Number of turns of wire per 
coil. 

(3) Number of coils per slot, or 
bundle. 

(4) Size of wire. 

(5) Kind of covering, or insulation. 

(6) Span of the coil; that is, num- 
ber of teeth a coil surrounds, or the 
number of slots per coil, which is 
usually counted as one more than the 
number of teeth enclosed. 


It is advisable to take the follow- 
ing data also: 

(1) Total number of armature slots. 

(2) Total number of sections in the 
commutator. 

(3) Position of the commutator with 
reference to some fixed point, as the 
shoulder of the shaft. 

(4) Weight of wire. 

Some good pointers on stripping 
armatures can be obtained from an 
article, Ten Men Can Rewind 2,000 
Armatures per Month” in the March, 
1922, issue of INDUSTRIAL ENGINEER. 
It is always wise when stripping an 
armature to preserve the fiber heads, 
if possible. 

Before rewinding it is, of course, 
necessary to insulate the core, which 
operation was covered in consider- 
able detail in the article, How to 
Wind Fractional Horsepower D. C. 
Motors,” in the January, 1922, issue 
of INDUSTRIAL ENGINEER. I consider 
the continuous strip method of insu- 
lating to be the best. This is car- 
ried out by taking a long strip of 
some form of tough paper and fit- 
ting it either with or without the aid 
of pegs around the inside of the 
slots and over the teeth all of the 
way around the armature. A good, 
tough paper, such as was originally 
known as Leatheroid, and which can 
now be had under many other names, 
is the best. Papers of this character 
will hold their shape and eliminate 
the necessity of tying or sticking 
the insulation in the slots. 

For strictly production work 
where the slots are not filled too full, 
cutting the slot insulation to the ex- 
act size and if necessary forming it 
in a hot die, is by all means the fast- 
est method of insulating the slots. 
The grain of the paper should al- 
ways run around the slot. 

The method, which is sometimes 
used, of cutting short pieces of in- 
sulation and allowing the edges to 
stick out of the slots, is not to be 
recommended, as these edges require 
too much attention. 

Wire with any kind of covering 
can be wound on by machine, but 
armatures should never be wound 
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with anything but double-covered 
wire, as they will not stand up well 
in service. Wire with single insula- 
tion is only suitable for winding 
magnet and field coils, and it is not 
suitable even for these purposes 
when the wire is fairly large, say 
No. 12 B. & S., and coarser. 

Enameled wires may, in general, 
be considered as equivalent to single- 
covered wires and should never be 
used, without another covering of 
some kind, for winding armatures. 
When rewinding an armature which 
was formerly wound with plain 
enameled wire, it is better to sacri- 
fice somewhere else on the motor 
and use a double-covered wire on the 
armature. 

So far as armature work is con- 
cerned, double-covered wires may be 
classified in the order of their heat- 


Fig. 1. These illustrations show 
how the core is placed in the jaws 
of the machine and the first coil 
wound on. 


As shown in A, the core is firmly 
held by clamping the jaws on two 
slots which will give the proper 
span for the coils. When cores with 
skewed slots are being wound, as in 
B, the jaws must be adjusted to 
match the angle of the slots. In C. 
the wire has been given a turn 
around the snubbing pin in order to 
hold it against the winding tension. 
D shows an armature with more 
than one coil per slot. The first 
lead has been removed from the 
snubbing pin and the second coil 
will then be wound on. 
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resisting and mechanically desirable 


properties, and their range of use- 
fulness for random windings, placed 
directly on the armature core, about 
as follows: 


TYPES OF COVERING USUAL SIZES 


Double cotton Nos. 12 to 28 or 30 

Cotton and enamel Nos. 12 to 28 or 30 

Silk and enamel No. 28 and finer 

Double cotton and 
enamel 

Triple cotton 

Silk, not used in 
sizes above 


No. 20 and coarser 
No. 20 and coarser 


No. 20 


Silk-covered wires are the most 
delicate, stand less heat and burn 
out quickest by slow roasting, but 
take the least room. They are 
highly useful where a large number 
of turns of fine sizes are required, 
and when cotton-covered wire would 
require an excessive volume in the 
slots. Both silk and silk-covered, 
enameled wires should by all means 
be avoided for armature work, in 
sizes coarser than about No. 27 or 
28 B. & S. gage. Above this size 
they are very delicate and have to 
be insulated between coils and some- 
times between layers. 

Armatures wound with No. 20 and 
smaller wire are usually wound 
“random”; that is, not in layers and 
without auxiliary insulation between 
coils, as there is enough “cushion- 
ing” in these sizes to prevent me- 


ir a 
$ d 
8 


N 
Be), — 4? DOE 
Irn Tae “Ppt 
— 2 

. r 
eee 

í e 


oh — OU» 


/ 


i CD 
y 88 
, 
2 
ry vs 
tau 
: * "ra S 
v * at 
aa ~Y A 
Ted 1 7 
TN . 
oy Re, mm. 4's WR 
A M ? N 
„ 1 
Du A 1 — Pee 4 
8 h P 
F i n 
. en 
ee. A 
f 7 y's 
tae r 
t K 1 of yt 
. + fer eae! 
* o 11 yey 
iy CRP «is 27 


232 


chanical shorts. Modern baking 
varnishes will give the coils sufficient 
dielectric strength to permit satis- 
factory service at voltages up to 220 
volts. 

Armatures that have to be wound 
with wire coarser than No. 20 B. & 
S. gage should have insulation in- 
serted between the coils, or be 
wound with triple-covered wires. Or 
they may be wound in layers, or 
wound on forms and assembled with 
auxiliary insulation between the 
coils on the heads. Auxiliary insu- 
lation is required for mechanical 
reasons on all small armatures 
wound with coarse wire, No. 20 and 
larger. This is particularly true of 
cotton-covered and enameled wires, 
as they are very deceptive and ap- 
parently sound armatures will some- 
times break down in a few weeks. 
Instances are known where 60 per 
cent of the entire output of a shop 
has broken down in three months for 
lack of this insulation between coils 
on the heads. 


PROCEDURE WHEN USING ARMATURE 
WINDING MACHINE 


After the cores have been properly 
prepared and the slot insulation has 
been put in place, the next operation 
is winding the core. When placing 
the core in the winding machine, 
point the commutator end of the 
core toward you and select a pair of 
slots which will give the correct 
span for the coils, spotting them 
with the thumb and fingers, as 
shown in Fig. 1 A. Set the core in 
the jaws with their edges aligned. 
The jaws should overhang the edge 
of the slot about 0.005 to 0.010 in., 
or the thickness of a business card. 

When setting open-slot cores, set 
about one-half the width of the slot 
under the jaws; that is, allow about 
one-half of the slot to project. This 
is especially desirable when the core 
is small in diameter. In order that 
this adjustment may be readily kept 
when the core is turned, or a new 
core is inserted, move the depth stop 
against the core. This will both 
square up the core and hold it at the 
proper depth. 

Some armatures have skewed 
slots, and many that are apparently 
straight are a little off. When such 
cores are encountered it will be 
necessary to compensate for the 
twist by adjusting the winding ma- 
chine jaws to match the slot angle, 
as in Fig. 1 B. 

Machine armature winding re- 
auires considerable tension on the 
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wire, more than is needed for wind- 
ing plain coils, as the wire is pulled 
into place rather than pushed or 
pounded, as in hand winding. The 
best all-around tension is about 11% 
Ib. per 100 circ. mils of wire area. 
To illustrate, suppose we are wind- 
ing an armature with No. 27 B. & S. 
gage wire. This size wire has an 
area of 202 circ. mils and would, 
therefore, have 2½ lb. tension put 
on it. This tension will not stretch 
the wire, but will pull it into place 
nicely. Armatures are occasionally 
encountered which require that the 
wire be stretched in winding, but it 
is bad practice to do this. 

In any case the tension required is 
so high that some form of tension 
device is necessary. It is almost 
impossible to get this tension by 


Fig. 2. After each coil is wound 
on, the core must be turned and the 
leads brought out. 


In A the jaws of the machine have 
been released and the core turned 
one slot to the left. Most small, bi- 
polar armatures are wound in this 
way. When the leads are formed by 
hand the core may be rotated the 
other way, if desired. B shows how 
the leads may be twisted by rolling 
a small handle between the thumb 
and forefinger. When the leads are 
short or the wire coarse, twisting is 
neither necessary nor desirable. C. 
a little hook may be used to advan- 
tage in pulling the leads out. The 
first end should be pulled to the 
right and the other leads kept to 
the left, as shown in D. 
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hand and even if it were possible to 
obtain it, the tension would not be 
uniform and the speed of operation 
would have to be reduced consider- 
ably, while a good deal of extra 
pounding would be required. 

A successful reel holder and ten- 
sion device will require that the in- 
ertia of the spool at starting, which 
is frequently sufficient to break the 
wire, be compensated for. It is nec- 
essary that the momentum at stop- 
ping be overcome and the slack taken 
up. In the case of No. 28 B. & S. 
gage and larger wire, auxiliary ten- 
sion must be applied to the wire 
for it is not safe to put so much ten- 
sion on the spool, as the delivering 
turn will frequently cut down into 
the remaining wire and snarl up. 
This auxiliary tension should be au- 
tomatically controlled to compensate 
for the varying drag of the spool 
itself. 

Whatever means are employed for 
adjusting the tension, the value of 
the latter may be ascertained by a 
spring scale, if desired. A good 
rule-of-thumb is to adjust or in- 
crease the tension until you can feel 
the wire stretch slightly, and then 
release it until there is no apparent 
stretch. This will give approxi- 
mately the correct tension. If the 
tension device of the winding ma- 
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chine is not automatic, it will be 
necessary to give the wire consid- 
erably less tension and then make 
up the difference by hand, or by 
pounding the coils, which is objec- 
tionable. 

Old hand winders give the wire 
that lies on the surface of an arma- 
ture a negative curve or “set,” in 
order to make it lie down snugly at 
the center of the core. If this is 
not done, the wire will stick up, or 
belly outward. This negative curve 
or set is imparted to the wire in the 
Chapman machine by passing the 
wire under and around a roller which 
is small enough to give the neces- 
sary curve and is mounted on a stiff 
spring, to aid in taking up the ir- 
regularities in the pull on the wire. 
The wings and the curves of the 
jaws have been proportioned to pre- 
serve this curve or set in the wire, 
so that it will lie down tight in the 
bottom of the slot. This is accom- 
plished by shaping the guides so 
that they do not touch the part of 
the wire that goes into the slots. 

Coming back to the winding oper- 
ations, after the wire has been fed 
through the tension device, snub it 
by giving it a turn around the snub- 
bing pin, as in Fig. 1 C. The excess 
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wire may then be broken off by giv- 
ing it a jerk, which will make the 
main portion hold against the wind- 
ing tension. 

The exact number of turns re- 
quired may then be wound on. If 
there is more than one coil per slot, 
disengage the first lead from the pin 
and wind the second coil, as shown 
in Fig. 1 D. 

After the lead is disengaged index 
or turn the core one slot to the left, 
Fig. 2 A. Ninety per cent of the 


Fig. 3. Diametrical or chord wind- 
ings are used on small, bipolar 
armatures. 


A shows the diametrical winding, 
in which the two sides of the coils 
are placed in slots located on a 
diameter or line passing through 
the center of the core, connected 
straight out, for brushes between 
the poles. A chord winding is 
shown in B. It will be noticed that 
the two sides of the coils lie in slots 
which are on a chord, or line paral- 
lel to the diameter of the core. The 
winding in is shown connected 
straight out, when there is an even 
number of teeth in the core. The 
coil is displaced one tooth off the 
diameter, while the mica between 
the segments to which the coil is 
connected is displaced one-half 
tooth. O shows a chord winding 
connected for 90-deg. lead. A chord 
winding connected straight out 
when there is an odd number of 
teeth in the core, is shown in D. 
In this case the coil is displaced 
one-half tooth off the diameter, 


while the mica between the seg- 
ments to which the coil connects is 
displaced one-fourth of a tooth. , 
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bipolar armatures made in this coun- 
try are wound in this manner and 
will turn in the right direction when 
assembled in their fields.. The other 
10 per cent should have the field 
connections or brush leads reversed. 
If the leads are formed by hand the 
cores may, of course, be rotated the 
other way. 

If the leads are long and the wire 
is fine twisting is sometimes desir- 
able. In the Chapman machine this 
may be done by rolling the handle 
under the thumb, as in Fig. 2 B. 
If the leads are short or the wire is 
coarse, twisting is unnecessary, or 
even detrimental. A very good 
method of securing the lead wire 
in the slot is to advance the winding 
wire into the empty slot before in- 
dexing, or turning the core. 

When you are ready to finish fill- 
ing the first slot, watch out for the 
leads. The first end should be pulled 
to the right. This may be done with 
the fingers or with a little hook, 
which is faster. The method of 
using a hook is shown in Fig. 2 C. 
The other leads should be kept to 
the left, as in Fig. 2 D. Another 
way to get the first and succeeding 
leads out is to remove the core from 
the machine, when it is released for 
turning. Pull the lead to the right, 
with the left hand, and replace. This 
requires only one motion of each 
hand and may be found even better 
than the use of the hook. By pull- 
ing the first end out at this time it 
will meet the last one at the finish 
and close up perfectly. 

The procedure for winding the 
other coils is the same as outlined 
above, and should be repeated until 
all of the slots are full. When the 
last coil is in, cut the wire and twist 


the final end with the first end. If 


the first end was pulled out at the 
proper point, as explained above, 
they will match up perfectly. 

One point which it may be well 
to mention in connection with wind- 
ing coils is that you should not make 
splices in a coil. If necessary un- 
wind until the two ends come out at 
a lead. 

After the rewound core is removed 
from the machine it will be neces- 
sary to fasten the wire in the slots. 
In the case of any armatures which 
have been wound with small wire, 
this may be done by tucking the ends 
of the slot insulation under the teeth, 
or by driving pegs in on top of the 
coils. | 

After an armature is wound the 
next step is to connect the leads to 
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the commutator. Inasmuch as this 
iS an operation in which mistakes 
easily can be, and oftentimes are, 


made, it may be worth while to cover 
the ground in some detail. 


How LEADS SHOULD BE CONNECTED 
TO COMMUTATOR 


When connecting the leads to the 
commutator be very careful that no 
pulling tension is put on the leads, 
either by drawing them tight and 
soldering them, or by subsequent 
hooding or banding. If they are 
soldered under tension they will 
break off at the commutator after 
a few hours’ or days’ run, without 
any apparent cause. When soldering 
very fine wires I recommend the use 
of rosin as a flux; this may be dis- 
solved in alcohol and is non-corro- 
sive. 

On the bipolar armatures there are 
two general types of windings, com- 
monly known as diametrical and 
chord. In the former type of wind- 
ing the two sides of the coils are 
placed in slots located on any line 
passing through the center of the 
core and through the center of the 
slots. A diametrical winding is 
illustrated in Fig. 3 4. 

If the commutator is connected up 
without lead, connecting this type of 
winding is very simple, as it is only 
necessary to remember that the mica 
between any two segments corre- 
sponds to the center of the coil that 
18 connected between the two seg- 
ments. In other words, for a 


Straight-out winding, the mica _ 


should be directly in line with the 
average center of the slot. The term 
“average center of the slot” is used 
because in skewed armatures the 
slot at the end of the core is not 
the average center. The mica should, 
in this case, be set in line with the 
center of the slot at the center of 
the core. If the commutator has 
a lead, that is, if the brushes are 
not placed between the pole tips, the 
procedure must be modified by mov- 
ing the commutator the amount of 
this lead, using the points mentioned 
as a measuring point. This will, of 
course, place the commutator mica 
for 90-deg. leads directly in the mid- 
dle of the coil. 

The chord or second type of wind- 
ing is the prevalent type, or at least 
very common, on small armatures. 
In this winding the two sides of the 
coils lie in two slots which are not 
on a diameter, but on a chord, that 
is, a line passing through the center 
of the two slots in which a coil is 
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placed, but not passing through the 
center of the armature. A winding 
of this type is shown in Fig. 3 B. 
In this case, the above rule does not 
apply. The reader should remember 
that a chord-wound coil will behave, 
so far as commutation is concerned, 
just the same as though it were on 
a diameter which is parallel to the 
chord on which the coil is wound. 

It follows, then, that the mica cor- 
responding to the coil in question 
must not be placed opposite to the 
average center of the slots in chord- 
wound armatures, but on a diameter 
paralleling that chord. In other 
words, as the ordinary chord wind- 
ing is one tooth off the diameter, the 
mica will have to be placed one-half 
tooth away from the slot which holds 
the coil, for a straight-out connec- 
tion. Fig. 3 B shows a straight-out 
connection, the brushes being placed 
between the poles, for a chord wind- 
ing when there is an even number 
of teeth in the core. For a 90-deg. 
lead, the mica will be placed directly 
opposite the middle of the coil, as in 
Fig. 3 C. 

If there is an odd number of teeth 
in an armature, and the chord is 
only one-half tooth off the diameter, 
the commutator mica will be placed 
only one-fourth tooth away from the 
coil, and so on, as shown in Fig. 3 D. 
An easy rule to remember is: The 
mica of the commutator should be 
moved away from its coil one-half 
of the displacement of the coil from 
a diametrical position. 

The preceding explanations have 
been made on the assumption that 
there is only one section of the com- 
mutator and one section of winding 
per slot in the armature. When 
there is more than one section of 
winding per slot in the armature, the 
point of the commutator which cor- 
responds to the middle of the coils in 
a slot is the point to which the meas- 
uring should be done. For example, 
if there are two sections, it is the 
segment connected to the middle 
lead. If there are three sections, 
the middle mica between the middle 
leads is the measuring point. If 
there are four sections, the middle 
lead is again the measuring point. 
Again, if there are two slots in the 
core per section of the commutator, 
the mica is again the measuring 
point. In all cases measure from 
the average center of the slot. 

Split chord windings, windings in 
which one side of the coil is placed 
in two slots, are connected straight 
out; that is, with the mica opposite 
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the average center of the slot which 
holds the full half of the coil. If 
the commutator has a lead, measure 
the angle from the point specified. 
This type of winding ordinarily has 
little in its favor and should be 
avoided if possible. 

If these simple rules are mastered 
they will solve the problem of con- 
necting any type of armature, in- 
cluding freak types, that I have ever 
heard of. These rules apply regard- 
less of whether the commutator has 
many or few sections. 

If the leads are incorrectly con- 
nected trouble will show up princi- 
pally in the form of sparking at the 
brushes and irregularity in the 
torque of the armature, from tooth 
to tooth. The armature will tend to 
hang or stick at every tooth. The 
torque of the motor will be less than 
it should and, if the lead is 90 deg. 
off the motor will not pull at all. In 
any case the current consumption 
will be high and the efficiency low. 
If the lead is backward, that is, if 
the neutral is carried back under 
the brushes, the motor may flash 
over. 

In the case of a shunt- or com- 
pound-wound motor the speed will, 
or may, increase and the motor may 
try to run away. A series motor 
will run at reduced speed, when load- 
ed, and the armature and fields will 
get hot. 

The only remedy is to check the 
lead connections and make sure that 
they are correct. 


THOROUGH IMPREGNATION IN VAR- 
NISH NECESSARY FOR GOOD SERVICE 


Before varnishing an armature it 
should be tested for balance and if 
it is found to be out, the heavy side 
should be placed up to drain and 
bake. In this way the varnish, 
which will naturally be heavier on 
the light side, will tend to correct 
the unbalance. After baking the ar- 
mature should, of course, be again 
tested and balanced. 

Armatures should be thoroughly 
impregnated by immersion in a good 
baking varnish, and baked in accord- 
ance with the directions of the var- 
nish manufacturer. The reason why 
the modern small armature, with 
full potential across it and no aux- 
iliary insulation between coils, 
stands up so well in service is largely 
because of the wonderful insulating 
qualities of the modern baking var- 
nish. However, varnish must pene- 
trate the armature completely or the 

(Please turn to page 258) 
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Fire-Resisting Wallboard 
In Industrial Plants 


For Protecting Mill or Frame Construction, for 
Altering Old Plants to Make Them More At- 
tractive and Serviceable, for Constructing Kilns 
and Storerooms, and in Other Applications 


By H. E. JEDDY 


Engineer, Fireproofing Dept., United 
States Gypsum Co., Chicago, III. 


LANT alterations, change of 
Pan methods or the re- 

duction of fire hazard often 
require extensive rearrangement of 
industrial: buildings. Also, in many 
old plants there are unsightly walls 
or ceilings which it is sometimes 
difficult to make presentable. Fre- 
quently the production problem is 
such that clear, smooth walls are al- 
most necessary. 

One of the common and simple 
methods of making such alterations 
is by means of wallboard, as will be 
described here, together with other 
industrial applications of this mate- 


rial. For general industrial pur- 
poses, it is usually advisable to use 
one of the wallboards made of fire- 
resisting material. 

This material is made of non-com- 
bustible gypsum, a rock product, to 
which is added some wood fiber for 
binding purposes. Wallboard comes 
in sheets, 36 in. thick and either 32 
in. or 48 in. wide. 
may be obtained in lengths of 6, 7, 
8, 9 or 10 ft. It is covered with a 
heavy fiber material; its edges are 
square and the fiber surfacing is 
folded back into the gypsum so as 
to prevent fraying and increase the 
strength of the edges. The board 
can, therefore, be nailed without 
danger of the edges being broken if 


Standard sheets 
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INDUSTRIAL men have many oppor- 
tunities to apply a fire-resisting mate- 
rial to decrease the fire hazard. In 
addition, the material described in 
this article has numerous other uses, 
particularly in the variety of remod- 
eling and alteration work which a 
plant man is called upon to do. 
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Non-combustible wallboard, built up on 
wooden studding is used to line and cover 
this body kiln in a St. Louis, Mo., auto- 
mobile plant. 


ordinary care is used. It is not 
necessary to drill and bolt wallboard 
unless it is to be fastened to iron or 
steel shapes. This material may be 
nailed as easily as wood lumber and 
cement-coated nails are customarily 
employed. 

Carpenters find that wallboaxd is 
much more easily worked than lum- 
ber and also more quickly applied, 
as it comes in large sheets which 
can be sawed to fit as easily as lum- 
ber. Also, the large area in each 
sheet makes it easy to cover consid- 
erable surface at a time. The wood 
fiber contained in the wallboard 
helps to make it sufficiently flexible 
so that the sheets may be adapted 
to slight curves where the nature 
of the construction requires it. Even 
though the sheets are quite large 
they are light enough so that they 
may be easily handled. 

Some of the characteristics which 
make this material adaptable to in- 
dustrial plants are that it presents 
a surface which may be easily fin- 
ished, it may be applied to either 
walls or ceilings, and does not disin- 
tegrate so that particles may drop, 
such as may happen with plastering, 
and fall into the product or ma- 
chines. This is of particular im- 
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portance in food products, textile 
and other similar plants. Also, this 
gypsum board is non-combustible 
and has sufficient fire-resisting qual- 
ities so that an ordinary fire does 
not affect it. In addition the amount 
of heat transmitted through the 
board will not char or damage the 
wood backing, except in an extreme- 
ly destructive conflagration. Other 
characteristics which make this ma- 
terial of considerable value to indus- 
trial men are, the ease with which 
it takes a finish, a surface which 
does not crumble and the fact that it 
is not affected by ordinary atmos- 
pheric conditions. 

One of the many advantages of 
wallboard in industrial construction 
is that it provides a smooth,uniform 
surface which can be covered with 
any kind of paint, calcimine or simi- 
lar protective or decorative cover- 
ing. If wallboard is to be painted, 
a priming coat of half varnish and 
half paint is recommended. This 
gives a surface which will take any 
finish. These decorative possibili— 
ties are of considerable importance 
in industrial plants, and this charac- 
teristic of wallboard makes it avail- 
able wherever a high degree of light 
diffusion is required or where a 
tight, non-crumbling wall or ceiling 
is desired. Hence, one of the most 
common uses is in finishing over old 
industrial plants. For example, in 
case it is desired to devote a portion 
of the plant to office purposes, the 
brick walls are generally covered 
over with plaster or some form of 
wallboard. Wallboard may be ap- 
plied by the plant carpenter; so it is 
not necessary to lath up the surface 
and get outside plasterers to finish 
the job. 

In applying wallboard to brick or 
masonry walls it is recommended 
that 2-in. by 2-in. furring strips be 
set on the standard 16-in. spacing; 
l-in. by 2-in. furring may be used, 
but this does not give as substantial 
a support as the former. Wallboard 
is nailed directly to the furring 
strips. Headers are placed at the 


Exterior and interior views of a 
special fireproof roof construction 
at the Essington, Pa., plant of the 
Westinghouse Electric and Mfg. Co. 


Here a gypsum wallboard is used as 
the bottom of the mold for casting 
the roof sections which are rein- 
forced with steel fabric and a spe- 
cial Pyrofill mix of the desired 
thickness is poured into this mold. 
This material binds with the wall- 
board, and hardens into a mono- 
lithic construction which is covered 
with a water-proofing preparation. 
The wallboard forms a smooth and 
also fireproof ceiling. 
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top and bottom so that all edges are 
supported. It is, of course, neces- 
sary that the furring be substan- 
tially attached to the wall and 
evenly lined up. ä 

In covering up chimneys, columns 
or other projecting corners, it is not 
always necessary to fur against the 
wall. It is usually better to build 
a separate framework of 2-in. by 
4-in. plank, which is not anchored to 
the chimney. 

Frequently plants engaged in 
producing textile products, particu- 
larly if extensions require that they 
remodel old buildings, find the use of 
wallboard advantageous for lining 
the walls and ceilings. Some of the 
accompanying illustrations show how 
this was used at the Taubel-Scott 
Hosiery Mill, Lenoir City, Tenn. 
Here 55,000 sq. ft. of Sheetrock were 
used in the remodeling of an old 
brick factory. Inasmuch as in this 
case the joists were not sized it was 
necessary that the ceiling be cross- 
furred and the wallboard nailed to 
the furring. In doing this, all elec- 
tric wires and sprinklers were low- 
ered and the boards were installed 
without interruption to operations. 

-Where it is desired to make a joint 
between the boards, which is not no- 
ticeable, a special plaster, called 
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“joint finisher,” is applied to the 
crack. If care is exercised in finish- 
ing over these joints they will hardly 
show when painted. Sometimes 
panel molding is placed across these 
cracks to give a paneled effect. In 
this hosiery plant, however, the 
joints between the boards were left 
unfinished just as the edges of the 
sheets fitted together, since appear- 
ance was not a factor deserving of 
extreme consideration. 

The wall surfaces were treated in 
the same way. The entire wall and 
ceiling were then covered with a mill 
white paint. This made a clean, well- 
lighted room with plenty of reflect- 
ing surface which was not only san- 
itary but did not sift dust, as would 
have been the danger with the for- 
mer wall and ceiling surfaces. Such 
construction makes a room an at- 
tractive work place; there is a pro- 
nounced contrast between this and 
rough brick walls and unfinished 
ceilings. This is particularly ad- 
vantageous in plants where women 
workers are generally employed. 

In this same hosiery mill, Sheet- 
rock was also used in the construc- 
tion of the lower portions of the 
various bins in the storeroom, as 
shown in an accompanying illustra- 
tion. This gives not only a clean 
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and sanitary construction, but it is 
also practically fireproof. The ceil- 
ing and walls of this room were fin- 
ished off with wallboard the same as 
in the rest of the factory. 

Partitions extending part way or 
entirely to the ceiling may also be 
made in this same way from wall- 
board. As the industrial man has 
the choice of sheets from 6 to 10 ft. 
long, it is usually possible to get a 
length which is equal to the parti- 
tion height without extra cutting, 
and so save considerable labor in its 
erection. 

The foregoing applications by no 
means cover the entire list of uses 
of this material for industrial re- 
construction. Garages, for example, 
are frequently lined with it, both for 
the heat insulating value and also 
on account of the practically fire- 
proof construction which it gives. 
Other uses are in locker rooms, rest 
rooms, lunch roooms and practically 
any other place which it is desired to 
finish off or enclose. The construc- 
tion is not only economical, 
easily applied. 

In addition to the use of this ma- 
terial for refinishing on the inside 
of industrial buildings, one of the 
earliest instances of the use of this 
material for the reconstruction and 
protection of industrial buildings 
was in the Boston & Albany R. R. 


Two views of a remodeled interior 
in a hosiery mill. 


The walls in this plant were rough 
brick and the ceiling joists were not 


covered when the Taubel-Scott 
Hosiery Mill, Lenoir City, Tenn., 
decided to remodel the plant. Elec- 


tric wires and sprinklers were low- 
ered and the wallboard installed on 
the ceiling without interruption to 
operation. Both wall and ceiling 
surfaces were then painted with a 
mill white paint, which makes them 
much more attractive and sanitary, 
and also prevents dust or grit from 
sifting through the ceiling of break- 
ing loose from the walls and so 
getting into the product or ma- 
chines. 


but. 
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Gypsum board is used here for 
beam protection as well as for 
sheathing on ceiling and partitions. 


This was applied to the freight 
warehouse of the Boston & Albany 
R. R. to reduce the fire hazard in an 
open frame construction. Inspection 
after 23 yr. of service showed that, 
except in a few spots where water 
had leaked in through the roof, the 
material was as good as ever. How- 
ever, the material is damaged by 
water only after long and repeated 
exposure to alternately wet and 
dry conditions. 


freight warehouse and in the Cunard 
Line pier freight house at East Bos- 
ton, Mass. In these, the fire hazard 
presented by the wood construction 
was a matter of much concern. After 
extensive fire tests the entire in- 
terior wood construction of these 
large and highly combustible build- 
ings was protected with gypsum 
plaster board. This material was 
quite similar to the present gypsum 
wallboard, except that it was thicker 
and the panels were of different size. 

All of the large wooden roof 
trusses in these warehouses were 
fire-protected by two layers of 14-in. 
board with the joints broken in both 
directions. The rest of ne construc- 
tion was covered with %-in. plaster 
board, sawed to fit and applied so as 
to follow the contour of the construc- 
tion and avoid concealed air spaces. 
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Wooden columns, girders, beams and 
ceilings were treated in the same 
way. Also, a number of non-bearing 
fire-resisting partitions, which con- 
sisted of wooden supports covered on 
both sides with the gypsum plaster 
board, were constructed to divide the 
buildings into fire sections. 

When this installation was inspect- 
ed recently, some 23 years after its 
erection, it was found to be in good. 
condition except for a few places 
where excessive leakage through the 
roof had caused damage to some of 
the panels. However, no distintegra- 
tion due to the humid atmosphere 
along the water front was observed. 
A similar construction has been used 
in a number of other warehouses 
since. 

Because of its fireproofing qual- 
ities and ease of construction wall- 
board has been used for the con- 
struction of dry kilns in numerous 
industries. Here the primary re- 
quirements are incombustibility, 
heat insulation, ability to withstand 
humidity, accessibility, economy, and 
ease and rapidity of installation. 
Many of the large motor car manu- 
facturing companies have used this 
material in the construction of their 
drying kilns for varnished work. 
Altogether from 8,000,000 to 10,000,- 
000 sq. ft. have been used for this 
purpose. 

Three such kilns, one of which is 
shown in an accompanying illustra- 
tion, installed in 1919 in a truck fac- 
tory in Buffalo, N. Y., may be con- 
sidered as typical of the general con- 
struction used. These kilns cover a 
ground area 40 ft. by 60 ft. and are 
8 ft. 6 in. high. In the construction 
of these, a frame of 2-in. by 4-in. 
lumber was erected with studding 
spaced 32 in. on centers, with a 
header every 48 in. Wallboard was 

(Please turn to page 258) 
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NE of the first princi- 

ples of good manage- 
ment, as well as effective 
cost accounting, is to 
charge all expenses to the 
individuals, products or de- 
partments which are responsible for them and would 
be most affected by an increase or decrease in these 
expenses. In this way those individuals responsible 
for the expenses have a more vital interest in keeping 
them within reasonable bounds. This is as true of the 
cost of maintenance as of any other industrial expenses. 
However, not all plant managers consider fully this 
important point. 

Recently a practical man, who had been supervising 
the maintenance work in a large plant, pointed out a 
good example of the futility of expecting to get results 
when this principle of managerial control is ignored. 
In this plant all maintenance costs, for both material 
and labor, were charged simply against Maintenance,“ 
probably to eliminate the bookkeeping cost of appor- 
tioning these expenses to the various departments. As 
a result the maintenance engineer was the only man 
interested in reducing this cost. The only way he 
could do this was to try to economize in time or mate- 
rial; in other words, he had to skimp on the repair 
jobs which, in turn, tended to increase the frequency 
of the repairs. 

Since the foremen had no charge against their de- 
partments they were inclined to neglect the equipment 
and run it until it failed. They also resented any inter- 
ference as long as the motors and drives would operate, 
even though a few minutes’ attention would have made 
a worthwhile saving in the ultimate cost. The man- 
agement, in turn, took the maintenance engineer to 
task for the heavy expenses charged to his department. 
Caught thus in the cross-fire of the foremen and of 
the management, the maintenance engineer finally gave 
up and a new man came in to fight the same battle, 
that several of his predecessors had lost. 

Men who think that they can lump maintenance costs 
in a pile and expect to save by merely looking at and 
complaining about its size are only “kidding” them- 
selves. The only way to keep maintenance costs down 


The Wrong Way 


To Decrease Cost 


Of Maintenance 
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is to attack them at the source and make each depart- 
ment responsible for its own costs. Then, if the repair 
work is skimped the foremen have a perfect right to 
complain loudly; however, if the foremen neglect the 
equipment, the maintenance engineer has an oppor- 
tunity to defend himself. Luckily, such conditions as 
described are in the rapidly-decreasing minority. 


— —— 


ECAUSE it does not 

move and the only sign 
of activity is a pump, we 
are prone to think that a 
transformer can run just a 
little longer without atten- 
tion. Too often this just a little longer“ stretches out 
into months and years, sometimes with no apparent bad 
effects; and then again a very disastrous failure occurs 
which wipes out all of the time and labor thought to 
have been saved by not doing the required maintenance 
at regular intervals. 

A plant recently visited illustrates a case where the 
trouble was caught in time. The transformers supply- 
ing vital feeders in the plant had not had their oil 
tested for several years. Samples were drawn and sent 
to a testing laboratory in another city. The tests 
showed the oil to be low in dielectric strength, so the 
oil in each transformer was run through a purifier. A 
year later the oil was again tested and found to break 
down at 15,000 volts across a 100-mil spark gap, when 
it should have broken down at 22,000 volts across such 
a gap. This time the oil was filtered until successive 
tests made on the job, showed that the samples of oil 
taken from each transformer would pass the required 
test. 

Atmospheric conditions, nature of load cycle, and 
many other conditions have a bearing on when the 
oil will break down in the transformer during normal 
operation. Be on the safe side by making regular 
tests of the oil in your plant, and purifying the oil 
promptly when tests indicate that it is required. 


When Did You 


Test Your Trans- 
former Oil? 


— 
: HOSE responsible for 
Don't continuous operation 


of motors and other elec- 
trical equipment in indus- 
trial works, know by ex- 
perience just how much it 
costs to have a fuse blow. The cost of a renewal link 
is insignificant. The expense of having someone take 
out the blown fuse and replace it with a good one is 
only a little more. The real expense is the delay to 
production and the possibility of spoiled material that 
is in process. 

A fuse is a safety valve and when rightly used it 
is a good friend. When a fuse blows, it is ridiculous 
to think that something is the matter with the fuse. 


Misuse 
Your Fuses 


Either the fuse was too small or the load carried was 


more than should be carried by the apparatus that the 
fuse is put there to protect. 

An investigation made by Charles R. Hepner, chief 
electrician of the Willard Storage Battery Company, 
revealed that their so-called fuse troubles were due to 
their own carelessness and he is perfectly frank in 
calling it carelessness. Mr. Hepner found that the 
trouble could be attributed to six causes, none of which 
was a fault of the fuse. On page 228 of this issue, 
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Mr. Hepner gives some very interesting data on the 
results of his investigation, together with the remedies 
that he applied with remarkable success in the reduc- 
tion of motor outages. On page 40 of the January 
issue, A. W. Oppman described a fuse color scheme 
that he has used to prevent improper use of fuses. 

Application of the methods and facts presented in 
these two articles will cut your fuse renewal costs and, 
what is more important, will reduce your power serv- 
ice delays. 


ROBABLY everyone 
has wondered at times 
why promotion or salary 
increases did not come 
faster. In any particular 
case there may be a num- 
ber of reasons why substantial advancement is slow in 
coming, or does not come at all. One of the most com- 
mon reasons, however, is lack of that pride of crafts- 
manship which is satisfied only with the very best job 
that can be done. With that pride usually goes a will- 
ingness to undertake any task within reason and do 
it to the best of one’s ability. On this point one of our 
readers recently made the following interesting and 
significant statement: 


If You Do Your Work 


Well Enough You 
Won’t Have to Do It 


I have been through the mechanical machine shop and 
electrical maintenance and have taken considerable pride in 
pears 3 any job which came along, whether I had ever 
seen it before or not, and doing it successfully; but I sup- 
pose that is why I am not doing it now. 


The mere retention of a place on the payroll is 
not necessarily an evidence of real success—the kind 
that leads to foremanships and higher positions. Very 
mediocre ability can and oftentimes does find a more or 
less permanent place in industry, as well as in other 
lines. Nevertheless, the men who hold positions of re- 
sponsibility in the industrial world have, in the great 
majority of cases, attained these positions only after a 
long training period in which conscientious and unre- 
mitting efforts were made to perform every job in a 
thoroughly workmanlike manner. 

Taking it by and large, when a man learns how to 
do his work expertly and efficiently, he does not have 
to do that kind of work very long—he will be given 
the job of showing others how to do it. 


Se ee 


ISPOSAL of old 


What Do equipment is one of 
You Do With those things that are fre- 
: 9 quently left to take care of 

Old Equipment: themselves. Often the 
equipment is considered 


too good to be junked and there is a vague idea that 
it may some day come in handy as a spare, and is, there- 
fore, worth keeping. Usually the result is that the 
equipment is shoved off in some out-of-the-way place. 
By the time that a use for it has arisen, it has been 
forgotten. 

A case in point came up recently in a small plant 
that generates its own power. The direct-current gener- 
ator in use was badly overloaded, by reason of addi- 
tions to the plant. One day the inevitable happened 
—the commutator became so hot that the solder melted 
and the machine was put out of commission. 

The service man who was called in to make the 
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repairs recommended that a larger generator be pur- 
chased. The management would not consent to this 
and asked that some other solution be worked out 
a case of making bricks without either straw or clay. 

While passing through the boiler room the service 
man noticed an old alternator with a belted exciter, 
the whole outfit so covered with coal and dirt that it 
was hardly recognizable. He was told that it had been 
taken out of service five or six years previously, and 
forgotten. After some of the dirt had been scraped off 
he found that the rating of the exciter was large 
enough to enable it to carry the excess load on the 
main generator. 

Several hours of hard work were required to put 
the exciter in running condition. After that it was 
a simple matter to belt it to the engine which drove 
the main generator. The problem was thus solved at 
trifling expense. 

This incident has, with some variations, been dupli- 
cated in many plants, although the ending is some- 
times different; a new piece of equipment has been 
purchased and the discovery later made that a discarded 
but still serviceable piece of equipment was available. 

When equipment is taken out of service there are 
just two things to do with it: If it is worth keeping 
in reserve, put it in good condition and store it where 
it will be clean and not likely to be damaged. Further, 
a complete record should be taken and filed for refer- 
ence. If the equipment is of such type or rating that 
it is not likely to be used again—sell or junk it. The 
sale or junk value may not be high, but it is far bet- 
ter to have this value in the form of money than in 
the form of useless equipment which serves merely to 
make an untidy-looking plant. 


— 
, IRE losses during 1924 
Poor Housekeeping were exceptionally 


heavy since, even though 
there were no unusually 
large conflagrations, the 
total number of fires, ac- 
cording to the Industrial Fire Chief, probably exceeded 
that of any other year. Of these fires an estimate 
obtained from a careful study of fire records and con- 
firmed by fire insurance executives, shows that prob- 
ably 65 per cent were due to easily preventable causes. 
Inspection reports, by the same authorities, indicate 
that industrial as well as commercial concerns have 
skimped on expenditures for upkeep and repairs. 

The natural effect of such neglect is a psychological 
reaction of the workers; a reaction of carelessness 
which is in keeping with the carelessness and neglect 
of the plant and premises. All of this tends toward 
careless housekeeping: one of the most common under- 
lying causes of fires. Where fires are not directly 
traceable to poor housekeeping it is usually easy to 
show how they originated from carelessness imbued 
in men through prolonged association with slovenly 
surroundings. 

Whether a plant is over-busy or just keeping going 
is no reason for neglecting maintenance and upkeep, 
nor plant housekeeping. If the plant is busy it has 
need for everything to be well done; if the plant is 
barely operating the wide-awake manager will find 
opportunity to squeeze in the necessary time to do 
this work at practically no additional outlay. 


Causes Most 


Plant Fires 
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Who Can Answer 
These? 


Comparative Advantages of Compensa- 
tors and Primary-Resistance Starters 
—I shall appreciate it if some of 
our readers will give me their ex- 
perience or opinions on the compara- 
tive advantages and disadvantages of 
compensators and primary-resistance 
starters for starting induction motors. 
Cleveland, Ohio. FP: GHL 


** 1 a * 


Rewinding 110-Volt Generator for 6 
Volts—I have a 110-volt, 0.25-kw., 
2,000-r.p.m., shunt- wound generator 
. and should like to know if it can be 
reconnected or rewound to give six 
or eight volts, for charging storage 
batteries. If so, will some reader 
please give me some information on 
the size of wire to use, number of 
turns and so on? 

Allentown, Pa. A. H. 8. 


$ $ * * 


Special Skid for Moving Machinery—We 
are planning an extensive rearrange- 
ment of machines such as lathes, 
screw machines and the like in one 
of our departments. I wonder if any 
of our readers have had experience in 
making a special skid or platform for 
holding such machine tools during the 
moving operation. I think that some 
such scheme as this would be quicker 
than trying to build a skid for each 
machine that is moved, but am h 
as to the best way of handling this 
kind of a job. 
Milwaukee, Wis. G. F. H. 


* $ * + 


How Does This Motor Start?—I have a 
motor made by the General Electric 
Company that has the following name- 
plate data: Ser. No. 79,281, type IS, 
class 4, form A, 60 cycles, 1,800 r.p.m., 
12 hp., 110 volts. The nameplate does 
not say whether the motor is single 
phase, but as there are only two leads 
coming out of the machine, I think 
that it must be a single-phase motor. 
It has a solid rotor, no starting switch, 
and no split winding for starting the 
motor. The winding in the stator is 
similar to a chain winding. The arma- 
ture has 36 slots, two of which are 
empty. The empty slots are spaced 
seven slots apart. Can some reader 
tell me how this motor is started from 
a single-phase power supply? 

Oakland, Cal. N. N. 


* * * * 


Operating Motors in Parallel on Bridge 
Motion of Crane—Two series motors 
are used to drive the bridge motion of 
one of our cranes. Each motor drives 
one set of track wheels, so that the 
two motors are practically operating 
in parallel. They are controlled by 
two contactor panels operated from 
one master switch. With this combi- 
nation the armature burnouts were so 
frequent that it was decided to connect 
the armatures of the two motors in 
series and the flelds in parallel. As 
we still had burnouts it was decided 
to connect the armatures and fields all 
in series. This has eliminated a great 
deal of the trouble, but it reduces the 
speed of the bridge. 


question that you can 
answer from your ex- 
perience. 
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Questions Asked `^ 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


Koral CA 


I would like to know what is the 
cause of the trouble that I have been 
experiencing. Can some reader sug- 
gest a method of connection that will 
eliminate the trouble from burnouts 
and at the same time give normal 
speed on the motors? 


Indiana Harbor, Ind. . 
ka pa = $ 
Trolley Wire Supports for Monorail 


Crane—I have a monorail crane run- 
ning on an l-beam, which has to travel 
around two rather sharp bends, and 
wish that someone would give me his 
experience as to the best way of in- 
stalling and supporting the two trol- 
ley wires that feed this crane. How 
should I support the wires where they 
go around the bends? 

Barre, Vt. . . 


g — * * 


Does Change in Transformer Connec- 
tions Affect Rated Capacity?—I have 
three 100-kva,., single-phase, 2,200-110- 
volt transformers, which I intend to 
connect in a bank to deliver three- 
phase power at 110 volts. If a delta- 
delta connection is used to connect 
the bank, what power capacity can I 
get from the transformers? Will I 
get the same power capacity from a 
star-star connection? I shall appre- 
ciate any information that readers can 
give me on this question. 

Telluride, Colo. TH C 


* * * $ 


How Much Time Is Required to Wind 
These Stators?—I would like to know 
how much time should be required to 
wind semi-closed slot stators for 40- 
deg. and 50-deg., General Electric mo- 
tors and also for the type CS motors 
made by the Westinghouse Electric & 
Mfg. Company. By this I mean the 
time required for insulating the cells, 
inserting the coils, putting in the 
wedges, and connecting. Will some 
reader give me what he thinks is a 
reasonable time for winding stators of 
the kind mentioned, having 36, 48, and 
72 coils, and having horsepower rat- 
ings from one to ten? 

Springfield, Mass. ru Fe B: 


Why Does This Motor Run Slow?—We 
have two wound-rotor motors, each 
rated at 325 hp., 2,300 volts, 60 cycles, 
and 1,185 r.p.m. at full load. Both of 
these motors are running about 30 
r.p.m. below their rated speed. The 
frequency of the power supply is nor- 
mal, for the generators are running at 
their correct speed of 3,600 r.p.m. 
About nine years ago the ventilating 
fan blades were removed from the ro- 
tors of the motors and consequently 
during the summer the windings be- 
come quite hot. When the motors are 
running the pointer of the power fac- 
tor meter swings continuously. The 
pumps that are driven by these motors 
have recently been overhauled, but 
there was no increase in the speed of 
the motor. Since the pumps are run- 
ning at less than rated speed, the 
motors do not draw rated full-load 
current. Can some reader tell me 
what causes these motors to run at 
less than rated speed and how I should 
go about correcting the trouble? 
Medicine Hat, Alta., Can. E. A. 
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Answers Received 
To Questions Asked 


Supporting Lineshafting on Concrete 
Pillars—I have to support several long 
runs of lineshafting on concrete pillars 
and should like to know (1) if this is 
considered good practice. (2) Will it 
be necessary to use adjustable pillow 
blocks, or will the solid type be satis- 
factory? (3) Is there enough danger 
of the pillars settling or getting out 
of line to make it necessary to brace 
these in any way? 

Brooklyn, N. Y C. R. P. 

Answering C. R. P. in the February 
issue, the ordinary place for supporting 
shafting in mill buildings is from the 
ceiling, but there is nothing wrong in 
supporting it on columns provided the 
columns themselves have been properly 
designed for this duty. Columns sup— 
porting lineshafting would have to 
carry not only the dead load from the 
floors above but also be able to stand 
the continued vibration of the rotating 
shaft and the cross-bending resulting 
from the pull of the belting. Without 
a knowledge of the detailed design of 
the columns, horsepower to be trans- 
mitted, spacing of the columns, dead 
load on each column and number, loca- 
tion, direction and size of the various 
belts, it would be impossible to give to 
this question an answer which would 
be correct in any particular case. 

Assuming that this is a reinforced 
concrete building properly designed for 
factory or mill use and that the col- 
umns have been designed for the pur- 
pose stated, there would be no question 
about the propriety of mounting the 
shafting on the columns. With the 
Same assumption, there would be no 
necessity of bracing the columns to 
e settling or movement out of 
ine. 

As to the necessity of using adjust- 
able pillow blocks, this again is a mat- 
ter which hinges on the design of the 
columns, their spacing, horsepower to 
be transmitted, lineshaft speed, and so 
on. If the shaft turns at a fairly low 
speed, and making the same assump- 
tions as to proper design as above, a 
bearing similar to the Dodge rigid post 
bearing would ordinarily be considered 
satisfactory. With these, ample verti- 
cal adjustment is secured by means of 
elongated slots in the backplate or face. 
Horizontal adjustment can be obtained 
by the use of shims between the back- 
plate and the face of the column. For 
higher speeds I believe that adjustable 
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pillow blocks should always be used. 
This raises the question of anchoring 
the bearings to the column. Modern 
reinforced concrete construction for 
mills and factories often makes use of 
commercial fixtures such as are manu- 
factured by the Midwest Steel and 
Supply Company for supporting shaft- 
ing, piping and the like. Shapes have 
been developed which can be placed in 
the forms and concrete poured around 
them. Other shapes have also been de- 
veloped for use in buildings already 
constructed. When the building is al- 
ready constructed and no special pro- 
vision has been made to support shaft- 
ing, piping and so on from the walls or 
ceiling it will, in most cases, be neces- 
sary to drill holes in the concrete and 
set in some one of the many kinds of 
expansion anchors to support the ma- 
chinery. In some columns this may be 
very difficult to do because of the rein- 
forcing iron embedded in the concrete. 
In drilling for such anchors the rein- 
forcing iron must not be cut, for its 
usefulness would thereby be lessened if 
not entirely destroyed. In the case of 
small- or medium-sized columns, 
wrought-iron straps may be placed en- 
tirely around the column and the bear- 
ings fastened thereto by bolts, thus 
avoiding the necessity of drilling the 
concrete and setting anchor bolts. This 
method could be used with larger col- 
umns also, but the chances of being 
able to place the anchors properly with- 
out striking the reinforcing iron are 
better than in the smaller columns; also 
the cost of material and labor for the 
straps would be proportionally greater 
than for the smaller columns. 
Fort Worden, Wash. E. I. PEASE. 


* * * * 


Referring to C. R. P.’s inquiry in the 
February issue, it is common practice 
to support long runs of lineshafting on 
concrete pillars and this should give ex- 
cellent results if the weight of the shaft 
and belt pull are not out of proportion 
to the size of the pillars. Most heavy 
lineshafts are supported in wedge-base, 
self-aligning pillow blocks on concrete 
piers installed especially for this pur- 
pose, but judging from the remark 
about bracing them, I judge C. R. P.’s 
pillars are building members, in which 
case they will probably be stiffer than 
any bracing that could conveniently be 
applied. 

For supporting moderate-sized shaft- 
ing—up to 3rs-in. or thereabouts—on 
rectangular concrete posts, we have 
found the arrangement shown in the 
illustration to be cheap, convenient to 
erect and very satisfactory in opera- 
tion. The Size of the channel iron 
must be proportioned to the size 
of the shafts and the width of the 
column, but for 31-in. shafts and a 
column width of 30-in., a  10-in. 
channel iron is about right. The chan- 
nels are cut about 6 in. longer than the 
width of the post and drilled so as to 
bring the bolts close against the sides 
of the posts. Under the above condi- 
tions, use 1-in. bolts. Filling the space 
between the channels and the post with 
a heavy grout thoroughly packed in is 
important as it not only increases the 
bearing area and prevents the edges of 
the channel cutting into the post but 
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materially stiffens the web where the 
hangers are bolted. 

Adjustable bearings are essential, as 
it would be practically a hopeless and 
endless job to line up a long shaft by 
shimming out solid boxes and jacking 
them into line. 

Settling or leaning of posts, build- 
ings or any other form of structure is 
altogether a question of foundation, 
which must be of sufficient area not to 
exceed 2 tons pressure per sq. ft. on 
any part of the area, and less on loose, 
sandy soil when the structure is subject 
to vibration. The foundation must be 
carried down below the frost line and 
preferably should go down to solid soil. 


10'Channel iron... 
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O Concrete column 


Bracket hangers may be conven- 
iently supported on channel irons 
bolted to concrete columns. 


If this is impossible the solidest spot 
available must be chosen and the base 
area increased correspondingly. Settling 
is bound to occur if an attempt is made 
to build on recently filled-in soil. In 
such cases, driving piles to a firm bot- 
tom is the only way of getting a satis- 
factory job. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Co. 
New Haven, Conn. 


* * * * : 


In answer to C. R. P. in the Febru- 
ary issue, it would be well to use an 
adjustable pillow block, if for nothing 
more than to take up wear on the shaft 
or in the bearings, as a multiplicity 
of sags will increase drive friction. 

If there is any danger of the pillars 
settling, by all means use a pillow block 
which can be adjusted. However, as 
the pillars are concrete, there is not 
much chance of them settling. 
Jamestown, N. Y. H. S. Rich. 


* k * * 


In reply to C. R. P. in the February 
issue, (1) I do not consider it good 
practice to support lineshafting on con- 
crete pillars except when anchor bolts 
are provided for this purpose during 
the construction of the pillars. 

Good results may, however, be ob- 
tained in some cases by drilling holes 
in pillars with a star drill for lag 
screws. Each hole should be made 
36 in. larger at the entrance than the 
diameter of the lag screw to be used 
and gradually tapered out larger so 
that the bottom of the hole is % in. 
larger than the screw. Then run the 
holes full of molten lead and drill them 
out the size of the lag screw, Jess the 
depth of the thread. 

I think it is good practice to put a 
small quantity of oil or grease of some 
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kind in each hole before pouring in the 
molten lead, as this will eliminate 
danger of explosion in case there 1s 
any dampness in the holes. In all hori- 
zontal holes cut a groove in the top side 
deep enough to afford a vent so that 
the hole will fill full at the bottom. 

(2) It is advisable to use an ad- 
justable bracket, sometimes called a 
post hanger. Pillow blocks may be 
used but undoubtedly they could only 
be properly lubricated by the use of 
grease cups. 

(3) Settling of the pillars will de- 
pend largely upon their foundation and 
the weight that is applied upon the 
floors above, which they support. 
Marietta, Ohio. E. L. Way. 


* * * * 


Referring to C. R. P.'s question in 
the February issue, (1) local condi- 
tions and special requirements to be 
met govern to a great extent certain 
practices. Without definite information 
and specifications it is rather difficult to 
comment intelligently on this question. 
However, generally considering the 
problem, it can be done to agree with 
good practice. 

(2) Adjustable pillow blocks have 
the advantage of comparatively easy 
adjustment for alignment by virtue of 
their design, although they are not ab- 
solutely necessary. The solid type can 
be used if mounted on shims for adjust- 
ment in one direction, and by using 
slotted or elongated mounting holes ad- 
justment can be obtained in the other 
direction. 

(3) The question of concrete pillars 
to support the shaft bearings involves 
a survey of the sub-soil conditions. 
Good, solid, dry earth or hardpan 
should form the basis on which to build 
the concrete pillars to assure no set- 
tling due to change in the sub-soil. For 
the foundations and pillars- a concrete 
of 1-2-3 mix should be used. Use as 
little water as possible to obtain the 
final maximum strength from the con- 
crete. If the torque on the shaft is at 
such an angle as to put a bending 
moment on the concrete pillar, use 
several reinforcing rods through the 
whole length. 

Concrete that is well tamped and not 
too wet, settles only slightly during the 
period of its initial set which is about 
45 min., depending upon climatic condi- 
tions. After the first set to the final 
set, which requires about six days, 
practically no shrinkage occurs. With 
the proper care in preparing the foun- 
dations, placing the forms, and mixing 
the concrete, no difficulty will be experi- 
enced in settling or shrinkage of the 
concrete pillars. 

Milwaukee, Wis. E. H. LAABS. 
Engineer, Printing Equipment Dept., 
The Cutler-Hammer Mfg. Co., 


* * * * 


In the February issue, C. R. P. asks 
Practical Pete whether concrete pillars 
are good supports for lineshafting. He 
can rest assured that concrete is an 
eminently satisfactory material for 
this purpose. Where it has apparently 
proved otherwise, the trouble was not 
due to any inherent defect of concrete, 
but to the method of installation. 

A frequent and unreasonable demand 
made on concrete is that it carry heavy 
and vibrating loads the day after it is 
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poured. While the high-alumina cement is the case he will be compelled to use 


now to be had will give a concrete that 
attains a large part of its ultimate 
strength in a day or two, concrete made 
from the common cement must be per- 
mitted to set for a considerable time in 
order that it may become sufficiently 
strong. 

There has been much discussion as to 
whether bearings or machinery should 
be set directly on the concrete base or 
on an interposed timber. Both meth- 
ods of installation have proved satis- 
factory. The advantage of setting the 
equipment directly on the concrete is 
that the latter then becomes in effect 
an integral part of the machine and as 
such assists in absorbing vibration. 
Capping the concrete with timber en- 
ables one to readily fasten equipment 
with lag-screws when the hold-down 
bolts do not happen to be in the de- 
sired positions, but aside from this fea- 
ture, the wood offers no real benefit 
and, as I shall show, may be a positive 
detriment. 

Some years ago, among the power 
plant equipment in my charge was a 
toothed-roll crusher used to break 
mine-run coal to stoker size. This had 
a very light frame for the size of the 
rolls and the work required of it, and 
gave much trouble by moving about on 
the timber frame interposed between it 
and the concrete foundation. It had 
been necessary to place guides against 
the drive belt to keep it on the pulley, 
and the crusher running. Tightening 
the nuts on the foundation bolts availed 
little because the timber was oil- 
soaked; bolts passing through timber 
are not well adapted to taking bending 
and shearing stresses. We took out 
the timber, cut the threads on the foun- 
dation bolts down to the concrete, re- 
placed the crusher, and its quiet run- 
ning thereafter made us feel a bit 
ashamed. 

On another occasion two bearings out 
of eight that carried a quill-shaft driv- 
ing a number of grinding mills, gave 
trouble from apparent settling of the 
concrete piers. All of the bearings 
rested on 8-in. by 12-in. oak caps, the 
8-in. dimension being vertical. While 
the bearings were provided with base 


plates that permitted lateral adjust- 


ment, they could not be adjusted ver- 
tically; so shims were used to line up 
the offending bearings. An examina- 
tion showed that six of the oak caps 
were of the same thickness while the 
other two (those under the offending 
bearings) were % in. less in thickness. 
The conclusion was that the six caps 
had been cut from dry timber while the 
other two had been cut from green or 
wet timber, and had shrunk in drying 
and disturbed the alignment of the 
shaft. This conclusion was strength- 
ened by marks on the under side of 
these caps indicating that they had 
been chipped to the required thickness 
with an adz at the time of installation. 
The inference is obvious—when cutting 
timber for use in supporting machinery, 
be sure that it is dry. 

C. R. P.’s question does not indicate 
what his concrete “pillars” are. Pillars 
may be anything from piers to columns. 
His intention to use pillow blocks indi- 
cates that his shafts will rest on the 
tops of supports of some kind. If this 


a concrete (or possibly brick) base any- 
way; so he may as well carry the con- 
crete up to the pillow blocks, and any 
shimming that may have to be done in 
the future can as readily be done on 
concrete as on wood. Whether the pil- 
lars will require bracing depends on 
their height. 

Los Angeles, Calif. C. O. SANDSTROM. 

* * * * 


Testing D.C. Armatures With Voltmeter 
—(1) Will some reader please tell me 
where to place the lampbank leads on 
the commutator when testing direct- 
current armatures with a voltmeter? 
For example, in the case of a four-pole 
armature should I touch the leads to 
the commutator on the quarter or on 
the half? Where should the leads be 
placed on a six-pole armature, or an 
eight-pole armature? (2) When test- 
ing a four-pole armature I touched the 
lampbank leads to the commutator on 
the quarter and got a good reading on 
the meter until I came to the next 
quarter of the commutator. Then the 
deflection was in the opposite direc- 
tion. When I reversed the meter leads 
there was no reading on two bars of 
the quarter. Continuing ahead 1 gota 
good reading until the next quarter 
was reached. What did that indicate? 
New York, N. Y. H. B. 


Referring to H. B.’s question in the 
January issue, (1) for a four-pole, six- 
pole or eight-pole field the test current 
should be applied at two adjacent brush 
contact points as indicated in the dia- 
gram, and the bar-to-bar test made be- 


Yolimeter ` 


~- Commutator 


Application of voltmeter test to 
direct-current armature. 


tween the two contact points only. 
When this section has been tested, eith- 
er revolve the armature or shift the 
two contact points, keeping the same 
spacing and again test between bars. 
This method is a desirable one since it 
approximates closely the actual current 
fiow in the armature. In the diagram 
the flow of current is shown by arrows. 

(2) Referring to the diagram, as- 
sume that the tester begins at A and 
tests towards B; it may be assumed 
that, as indicated, the flew of current 
through the winding is from B to A, 
as B is connected to the positive supply 
lead. Should the test be carried be- 
yond B without changing point B, the 
current in the next portion of the wind- 
ing will be flowing in the opposite di- 
rection and the voltmeter will show a 
reversed reading. If two positive and 
two negative contacts were made at 
one time at the quarter points, a con- 
tinuous test could be made, reversing 
the meter leads after passing each 
brush or contact point. 

A zero reading between two bars will 
generally indicate a short-circuited coil. 
The contacts should cover about the 
same area as a brush so as to approxi- 
mate the normal current flow condi- 
tions as closely as possible. 

C. OTTO VON DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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In answer to the question by H. B. 
in the January issue of INDUSTRIAL 
ENGINEER, the following methods 
should be used: For a two-pole arma- 
ture the lampbank is placed on the 180- 
deg. points. For a four-pole armature 
the lampbank is placed on the 90-deg. 
points. For a six-pole armature the 
lampbank is placed on the 60-deg. 
points. For an eight-pole armature the 
lampbank is placed on the 45-deg. 
points. 

The rule is to place the lampbank 
leads on the points corresponding to 
the spacing of the brushes on any mul- 
ti-polar machine. 

As the meter leads are touched to 
adjacent commutator bars around the 
armature the readings should be the 
same, or very nearly so, for a perfect 
armature. A double voltage reading 
indicates a defective winding between 
the two adjacent bars. This may be a 
short-circuit between two coils, or a 
double ground. A reversed reading on 
any one section indicates a reverse con- 
nection to the commutator. No read- 
ing between two adjacent bars would 
indicate an open circuit to one or both 
of these bars. In that case by bridg- 


.ing these two bars, or one of them, and 


making contact with the bars on each 
side a higher reading than normal will 


result. 


In passing from one section, such as 
a quarter-section on a four-pole arma- 
ture, to another, the reversal of the 
meter leads is necessary due to the 
winding of the armature. However 
the readings should all be of the same 
value across any two adjacent commu- 
tator bars. 

H. B.'s second question would indi- 
cate that an open circuit existed on the 
two bars that showed no reading. Un- 
der service this armature would show 
a heavy spark lapping over these bars 
when they came under the brushes. 

One of the worst troubles to en- 
counter is a “flying ground” wherein a 
connection of the coil becomes ground- 
ed only when the motor is up to speed, 
due to centrifugal action. In this case 
the method of testing is to mount the 
armature in a cradle and rotate it by 
another motor at the normal speed. A 
test set can then be used with one lead 
on the commutator and the other on 
the shaft of the armature. When the 
speed is correct the ground will show 
and it can usually be located by allow- 
ing a heavy current to pass through 
the test leads on the revolving arma- 
ture. The commutator bar connected 
to the defective soil will show a pit 
where the circuit is broken under the 
lead on the commutator. Care should 
be taken to have the léad pressing 
upon the commutator at a point other 
than where the brushes will ride. Also 
care should be exercised to see that the 
current is not heavy enough to cause 
a heavy pit in the commutator. 

Armatures can be tested in the 
frame, thus eliminating disassembly, 
by using two adjacent brushes reversed 
and lifting the others from contact 
with the commutator. The low-voltage 
leads are then connected to the arma- 
ture leads on the motor terminal block. 
The armature should be wedged to pre- 
vent rotation when this procedure is 


followed. NATHANIEL W. BLANCHARD. 
Inwood, Long Island. N. Y. 
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Connecting Westinghouse Type C Watt- 
hour Meter to 8-Phase, 4-Wire Circuit 
—W#ill some reader please tell me how 
to connect a Westinghouse, type C, 
switchboard, induction watt-hour meter 
to a three-phase, four-wire system 
having 2,300 volts between the neutral 
and each phase wire and 4,000 volts 
between phases? In the diagram, A 
and C are three-wire circuits supply- 
ing current at 4,000 volts, three phase, 
while B is a three-phase, four-wire 
circuit. One meter must measure the 
total power consumed. 


Neutral - 
T load Line 
— — — — — 
A 8 c 


The current transformers must be 
delta connected and three 2,300-volt 
voltage transformers must be used, as 
there are no 4,000-volt transformers 
on hand. I should also like to know 
whether it makes any difference if two 
or three current transformers are used 
on feeders A and C. 
Guayama, Porto Rico. R. S. 


Answering the question by R. S. in 
a recent issue, I assume that it is 
desired to measure the total energy of 
circuits A, B and C by a single meter. 


— 


Meutral 
Current transformers. 


Internal and external connections 
of type C watt-hour meter con- 
nected to three-phase, four-wire 
circuit. 


The diagram shows the conventional 
method of connecting this type of 
meter; the secondary current trans- 
former connections only are shown. In 
the diagram V. and V: represent the 
voltage coils and C, and C: the current 
coils. I have attempted to show the 
connections at the terminal board as 
closely as possible in their actual phys- 
ical arrangement. As previously stated, 
a meter so connected in the supply to 
circuits A, B, and C will register the 
total energy consumption of the three. 
On circuits A and C, if it is desired to 
measure the energy separately, two 
current transformers will be sufficient 
to secure proper registration. 


C. OTTO VON DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. Y. 


* * * * 


In reply to R. S.’s question in a 
recent issue, the diagram shows a 
standard hook-up using delta-connected 
current transformers. This diagram 
shows the connection used for a four- 
wire, three-phase meter, which must be 
used, as a three-wire meter will not 
give accurate readings. A four-wire 
meter differs from a three-wire meter, 
mainly in the current coils. The four- 
wire meter has four series coils, two 
of which are connected in series and 


INDUSTRIAL ENGINEER 


Potential transformers 
y 


To load | 


Method of connecting type C 
Westinghouse watt-hour meter to 
four-wire, three-phase circuit. 


carry the current in one line wire. One 
coil in each element must be taken 
for the foregoing connection. The 
other two series coils, one for each 
element, are separate and each carries 
the current in one of the other line 
wires. The total energy will be reg- 
istered when the meter is connected in 
this manner in a four-wire circuit, no 
matter how much out of balance the 
load may be. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 


* * * * 


With reference to the question by 
R. S. in a late issue, the windings 
in a meter consist of a set of current 
coils and a set of potential or voltage 
coils. The current coils must be con- 
nected in series with the current to be 
metered and the potential coils con- 
nected in shunt with the circuit on the 
line side of the meter. In the diagram 
it will be noted that the common point 
of the primary of the two potential 
transformers is connected to the neu- 
tral wire of the circuit, and the remain- 
ing two primary wires are connected to 
any two of the remaining three wires 
of the circuit. This makes it possible 
to use two 2,300-volt transformers for 
the potential circuit of the meter. As 
regards using two or three current 
transformers in branch circuits A and 
C, two current transformers in each 
circuit will be sufficient, but as the total 
energy is recorded on the three-phase, 


Internal and external connections 
of type C watt-hour meter to three- 
phase, four-wire circuit. 


Current transformers Neutral 


line 


243 


four-wire meter, it will not be neces- 
sary to meter these circuits unless the 
consumption of these circuits is to be 
checked against the total meter reading. 
Goldfield, Nev. PHIL D. COMER. 

* * x * 


In answer to R. S.’s question in a 
recent issue, the sketch shows the 
correct connections for a type C West- 
inghouse switchboard watt-hour meter. 
In this connection three current trans- 
formers are used, one in each phase, 
and two potential transformers of 
2, 300-volt primary rating are connected 
to two phases and the neutral; that is 
one side is connected to the phase wire 
and the other to the neutral. 

The potential transformers that he 
mentions can be used and are the cor- 
rect ratio, 20 to 1, for this installation. 
One phase is dropped in this four-wire 
connection due to the fact that all we 
need is potential of equal voltage on 
three wires; so with a pressure of 


2.300 volts on the primary we will have 


110 volts on our secondaries, the same 
as if this were only a three-wire circuit. 
Galva, III. C. W. ROSELLE. 


Method of connecting Westing- 
house type C watt-hour meter to 
three-phase, four-wire circuit. 


Current 
transformers 
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Neutral- 


Line Load 
Potential 1 Polarity 
fransformers marks 


Method of Driving One Generator with 
Two Engin an some reader sug- 
gest a practical and eficient method of 
driving a 50-kw alternator by two oil 
engines of 37 hp. and 50 hp., respec- 
tively, so that either or both engines 
may be used singly or together? If it 
is possible to devise such a drive with 
these engines operating singly or to- 
gether I would have a selection of 
three horsepower capacities, 37%, 50, 
87142, with which to meet the power 
demands. The peak load is about 45 
kw., but the load is often much less 
than this. With such an arrangement 
it would not be necessary for me to 
buy a second alternator and install 
synchronizing equipment. 

I shall be very grateful for any ad- 
vice or suggestions you can give me. 
Youngstown, Alta., Can. W. C. A. 


In answer to W. C. A.’s question in 
a recent issue, I would like to 
tell him of an installation that was 
used for a number of years in a roll- 
ing mill in the Birmingham distriet. 
The mill was driven by an engine and 
a motor; they were placed in line one 
behind the other. The engine was be- 
hind the motor and had a larger pul- 
ley; so it was easy to place the motor 
drive pulley between the two sides of 
the belt on the engine. As the speeds 
of the engine and motor were different, 
the pulleys were also of different diam- 
eters. The motor belt was next to the 
pulley and the engine belt ran on top 
of the motor belt. This drive gave 
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satisfaction and was a good way to 
utilize the two prime movers. 

To adopt this method of drive to 
your problem, I would suggest that you 
put a clutch on both engines and drive 
the generator in the same manner as 
outlined above. Or the generator shaft 
could be extended and an engine fas- 
tened to each end. If this method of 
drive were used, there would have to 
be some kind of clutch or magnetic cou- 
pling between the engine and gener- 
ator to allow either engine to be used 
independently of the other. I believe, 


however, that a belt drive would be 


the most satisfactory, as the two en- 

gines probably run at different speeds 

and this condition could easily be taken 
care of with a belt drive. 
GRADY H. EMERSON. 

Birmingham, Ala. 

* * * * 

Lay Out of Typical Three-phase Instal- 
latlon— Will some reader give me (1) 
a diagram of a typical, three-phase 
power installation from the power com- 
pany's wires to switchboard, including 
transformers? (2) What transformer 
connection is used most, and why? 
Windsor, Ont., Can. J. A. L. 
In reply to J. A. L.’s inquiry in the 

February issue, much will depend upon 
the voltage, location and amount of 
power to be purchased. A large con- 
sumer, who is served directly from a 
high-voltage transmission line, will 
usually have a small outdoor substation 
with high-tension disconnect switches, 
lightning arresters, step-down trans- 
formers, sometimes with a high-voltage 
oil switch on the primary side, and an 
oil switch on the secondary side. Inside 
of the substation there will be the 
meter transformers and the connections 
to the consumer’s bus. The location 
of meter transformers depends upon 
the form of contract with the power 
company, but these usually provide for 
current to be furnished at the secon- 
dary voltage, in which case the meters 
are located as described. 

For small consumers in cities, distri- 
bution is usually at 2,300 volts, in 
which case the hook-up is usually from 
the power company’s line through high- 
tension fuses to primaries of trans- 
formers, from secondary of transform- 
ers to consumer’s oil switch, which 
should be provided with overload relay 
but need not have no-voltage protection 
—this being on the individual motor 


lines—then through the meter trans- 


formers to the consumer’s bus. 

It is preferable to have the step- 
down transformers three single-phase 
transformers connected in delta, since 
if anything happens to one of them, 
the remaining two can be connected in 
open delta and about 58 per cent of the 
capacity of the original three obtained 
while the third is being repaired. 

J. A. L. should consult the local au- 
thorities as all power companies and 
most localities have individual require- 
ments which must be satisfied before 
the installation will be approved for 
service. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Co. 
New Haven, Conn. 


* * * x 


In answer to J. A. Ls question in 
the February issue, (1) if the high ten- 
sion lines are not over 22,000 volts, 
the disconnecting switches, high-tension 
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circuit breaker and transformers may 
be placed inside of the building, the 
breaker being mounted on a pipe frame- 
work and controlled by pipes and bell 
cranks from a panel in the same 
switchboard as the low-tension breaker. 
If the voltage is over 22,000 volts, all 
high-tension .apparatus should be in- 
stalled out of doors and the circuit 
breaker electrically operated. Low-ten- 
sion breakers may be mounted directly 
on the panels, or on a pipe framework. 
The high-tension panels should have a 
wattmeter, voltmeter and ammeter 
with switch so that it will indicate 
current in all phases. Each low-tension 
panel should have an ammeter with 
switch and one panel should have a 
voltmeter connected through fuses to 
the low-tension bus. The diagram 
shows a typical three-phase layout. 
(2) The most common transformer 
connection is the delta-delta. If trou- 
ble should develop in one transformer 
it may be cut out and the remaining 
transformers operated open-delta. Un- 
der these conditions, the two transform- 
ers will have about 58 per cent of the 
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original capacity. Another common 
transformer connection is the star- 
delta with grounded neutral. The ad- 
vantage of this connection is that the 
voltage stress to ground on the trans- 
former insulation is only 58 per cent 
of the line voltage. If the high-tension 
side is delta-connected, the insulation 
is subjected to the full line voltage. 
The disadvantage of the star connec- 
tion is that in case of trouble with one 
transformer it must be repaired or re- 
placed before service can be resumed. 
Boulder, Colo. RALPH MCKINNEY. 
* * * * 


In answer to J. A. L. in the February 
issue, I hope that the accompanying 
diagram of a three-phase installation 
will answer his first question. 

The delta connection is the most fre- 
quently used transformer connection 
for ordinary industrial installations, as 
it is more convenient in case a dam- 
aged transformer has to be taken out 
of service. Al] that is necessary is to 
disconnect and remove the damaged 
transformer; then the two remaining 
transformers can be operated in open- 
delta. The capacity of the bank of 
transformers will be reduced to 58 per 
cent of its original capacity, but to 
that extent service can be maintained. 
In other words, one of the big advdn- 
tages of this connection is that three- 
phase power is still available with two 
transformers, without any change in 
connections. As a general proposition, 
the delta connection ranks first in con- 
venience of operation, second in low 
potential stress on the windings and 
fourth in low first cost. Many power 
companies use both star and delta con- 
nections, or a combination of both in 
order to be able to make changes in 
line voltage conveniently to meet new 
conditions. 


Chief Electrician. LEE F. DANN. 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 


This diagram gives the layout of 
a typical three-phase power instal- 
lation. 
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Voltage nes ef Fuses for 440-Volt 
Cireuits— Wil] some reader please ad- 
vise me as to the proper kind of fuses 
and fuse cutouts to use on 440-volt, 
three-phase, 60-cycle circuits? Should 
I use 600-volt or 250-volt fuses and 
cutouts? (2) Is it practicable to use 
fuses above 300-amp. rating as en- 
trance fuses, or would it be better to 
use a circuit breaker? 

Any information that you can give 
me will be greatly appreciated. 
Marion, Ohio. G. R. 


In answer to G. R. K.’s question 
in a recent issue, I would advise 
using 600-volt fuses and cutouts, al- 
though there are now some types of 
switches, fuses and cutouts on the mar- 
ket that can be used for 250 volts d. c. 
or 440 volts a.c. Personally I always 
insist on Buss refillable fuses, as they 
are very reliable and save a lot of 
trouble. They are manufactured by the 
Bussman Manufacturing Co., St. Louis, 
Mo. Single-pole cutouts are used now 
practically everywhere. 

A circuit breaker could be used on 
the 300-amp. circuit but it is not need- 
ed, as nearly all authorities allow 600- 
amp. on fuses, if the voltage is below 
600. I know of several installations 
that have 1,000-amp. fuses. However, 
it is good practice to use circuit break- 
ers on 600 amp. or above. Switches 
and cutouts for high amperages usually 
have two or more clips and blades, and 
require several fuses, in parallel. 

GRADY H. EMERSON. 
Birmingham, Ala. 


zs. W 8 g 


Answering G. R. K.’s question in a 
recent issue, 600-volt fuses are the 
proper ones to use for this service. This 
will, of course, require the use of 600- 
volt switches and fuse blocks, which is 
only reasonable since the spacing of 
current-carrying parts of different 
polarity are much greater in 600-volt 
than in 250-volt equipment. 

In regard to the use of fuses larger 
than 300-amp. rating, since fuse re- 
placement in the large sizes is expens- 
ive, the best practice is to use circuit 
breakers except where fuses would 


rarely ever blow. L. T. JOHNSON. 
East Cleveland, Ohio. 
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Answering G. R. K. in a late issue, 
there is a little book, not hard to 
obtain, which will be found to contain 
answers to many questions on wiring 
which come up, from time to time, in 
these columns. That book is known as 
the National Electrical Code“ and it 
is the writer's belief that a copy of it 
should be in the hands of anyone inter- 
ested in wiring as, without it, many 
costly mistakes may be made and, even 
if it is not needed to prevent mistakes, 
it will give much valuable information 
in regard to what is considered to be 
the best standard practice. 

In the Code fuses are not rated as 
“250 volt“ or “600 volt,” but they are 
described as being for “Not over 250 
volts” and “Not over 600 volts.” A 
440-volt circuit would, therefore, need 
what is ordinarily known as a 600-volt 
fuse. 

In his second question G. R. K. asks 
whether or not fuses above 300 amp. 
rating are practicable as entrance 
fuses. Larger fuses are made and are 
entirely practicable under certain con- 
ditions. But the load should be a 
steady one, never approaching the rated 
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capacity of the fuses which, in turn, 
should be protected by many smaller 
fuses in the branch circuits. . Under 
such conditions the main fuses are not 
liable to blow except from a short-cir- 
cuit near by or some other unusual 
condition which would seldom occur. 
Where the load is a swinging one 
with sharp peaks, as in many motor 
installations and, therefore, a fuse 
would often be blown, the circuit- 
breaker would be preferable. This 
would be true in all cases where the 
saving in time by closing a breaker, 
instead of replacing a fuse, is im- 


portant. 
Westfield, N. J. G. H. McKELWay. 


* * . * 


Using Vacuum Pump ns Air Com- 
pressor—I have a Wahl vacuum pump. 
size 4 in. by 2% in., with & in. inlet 

and outlet, which I wish to use as an 
air compressor. The pressure in the 
air tank need not go over 125 lb. per 
sq. in. Will someone please tell me, 
(1) What size motor would be required 
to drive this pump at 275 r.p.m.? (2) 
Will it be necessary to make provision 
for cooling this pump artificially, by 
means of air fins or water, in order 
to keep the temperature down to a 
safe limit? (3) How do you figure the 
cubic inches of air compressed per 
stroke? 
Dallas, Tex. R. E. L. 


In the March issue R. E. L. asks 
whether he can use one of our vacuum 
pumps as an air compressor, to work 
at a pressure of 125 Ib. per sq. in. This 
vacuum pump is designed to produce a 
vacuum of 28 in., maximum, and will 
not stand a pressure of 125 lb., at 
any speed. While the writer believes 
that there would be little immediate 
danger of the pump breaking, the fac- 
tor of safety used in designing it was 
not such as to advise a pressure in ex- 
cess of 20 Ib. per q. in., regardless of the 
speed at which it is driven. 


Director of Sales, R. A. KIEFER. 
Quincy Compressor Co., 
Quincy, III. 

t „ „% g 


Referring to the questions by R. E. L. 

in the March issue of INDUSTRIAL 
ENGINEER, the vacuum pump, with 
some modifications, can be adapted to 
be used as an air compressor. The 
%-in. inlet is satisfactory, but the de- 
livery or outlet should be changed to a 
%-in. or K in. check valve. Consider- 
ing the bore of 4 in. and stroke of 2% 
in., the speed of 275 r. p.m. is high and 
difficulty may be experienced in the 
functioning of the valves. At a speed 
of 275 r. p.m. the pump has a capacity 
of approximately 5 cu. ft. of free air 
per minute, and based on continuous 
duty would require a 1M -hp. motor, or 
l-hp. on intermittent duty. At 150 
r. p. m. the capacity would be approxi- 
mately 2.75 cu. ft. of free air per min- 
ute and a & hp. motor would be re- 
quired. At this speed the efficiency 
would be much higher and heating 
lower. 
Air cooling through the use of fins 
or ribbing might be sufficient, although 
it is somewhat questionable, depending 
upon how effectively the arrangement 
can be made. Some artificial means 
of cooling will be necessary. 

In the foregoing I have assumed, of 
course, that the thickness of the metal 
and the general design of the pump are 
such as to allow it to be used at the 
pressure mentioned in the question. 

The volume of free air compressed 
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per stroke is given by the formula: 
V=d’X0.7854XS, where d=bore of cyl- 
inder in inches, S=stroke in inches, and 
V=volume in cubic inches. 
Engineering Dept., E. H. LAABS. 
The Cutler- Hammer Mfg. Co., 
Milwaukee, Wis. 

* * * * 


Trouble With Rewound Automobile Gen- 
erators—I have been rewinding some 
automobile generators, but in spite of 
the fact that I always check up the 
old winding and make the new one as 
nearly like it as possible I sometimes 
have trouble in getting the proper am- 
perage out of the generator. The 
voltage will be up to normal, six volts, 
but the charging rate is too low. I 
wish some reader who has had experi- 
ence in such work would give me some 
suggestions as to where the trouble 


may be. 
Bathurst, N. B., Can. H. J. M. 


Answering H. J. M. in the March 
issue, if his winding is correct, he may 
find his trouble in the charging con- 
trol of his generator, which is depen- 
dent on the make and is capable of 
regulation. This control is often used 
by the motorist in touring where much 
of the driving is done in the day time. 
If H. J. M. wishes to check up on the 
principles or operation of this control 
the information can be secured from 
the manufacturer, the dealer or a 
garage man. 

West Allis, Wis. EDWARD JAMES. 
* k * * 


In his question in the March issue, 
H. J. M. says that he can get only six 
volts out of a generator which he re- 
wound. To charge a six-volt battery 
on a car requires eight or nine volts 
from the generator, in order to over- 
come the voltage from the battery. 

The usual reason for generators not 
having the output they should, is be- 
cause the throw of the leads has been 
slightly changed. When an armature 
is torn down, the top leads should be 
marked with a center punch where 
they come out of the slot in the core 
and the bars that they go into on the 
commutator should also be marked. 
The span of the coils should likewise 
be noted, as well as the bars to which 
the bottom leads are connected. In 
some armatures there is what is called 
a dead coil. This should be put into 
the same slot that it occupied originally. 


If the leads do not go back into the 


same slots in the commutator, the 
brushes will not set on the correct bars 
and the generator will not develop its 
rated output. Owing to the low volt- 
age, a slight change in the setting of 
the brushes will make a big difference 
in the charging rate. 

The rewound armature should al- 
ways have the same number of turns 
of wire in the coils as it had originally. 
If the winder has difficulty in getting 
the wire into the slot, owing to a 
slight variation in the size of the wire, 
it is better to use a wire one size 
smaller than to wind the coils with a 
smaller number of turns. 

We have rewound a great number of 
armatures with wire that was one size 
smaller than that used originally and 
we never had any trouble with heating 
up on that account. 

I am inclined to think that his trou- 
ble lies in not getting the leads in the 
right relation to the slots in the ar- 
mature. 


Peoria, III. GEORGE D. RINGNESS. 
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Caleulating Starting Resistance for D.C. 
Motors—Will someone please tell me 
how the amount of resistance that is 
used in the starting rheostats of shunt, 


compound and series d.c. motors is 


computed? (2) How are the different 


voltages obtained on the various taps 
of the compensators for a.c. motors and 
what are their usual values in percent 
of full-line voltage? 

Albert, W. Va. F. H. 


To answer F. H.'s first question in 
the February issue we must go back 
to the fundamentals of electricity. As- 
sume a 250-volt motor with 0. 25- chm 
armature resistance, drawing 100 amp. 
under full load. According to Ohm's 
law, I= ER; therefore, substituting 
the above values, I 2250 0.25 or 1, 000 
amp. A current of this magnitude 
would destroy the machine. 

The starting rheostat would have to 
be designed to prevent this high cur- 
rent flow. If we have a rheostat with 
2.25 ohms resistance which, with the 
armature resistance of 0.25 ohms 
would give a value of 2.5 ohms, the 
equation would then be, I=250=2.50, 
or 100 amp., which does not exceed the 
current value of the motor. 


fl 
2 =e I 
nl 
C 


taps at proper points on the wind- 
ing of an auto-transformer. 


At standstill the armature presents 
the very low resistance of only 0.25 
ohms, but as it comes up to speed it 
generates a counter-emf. which makes 
it necessary to cut out resistance as the 
motor speed increases. When the mo- 
tor is running at a little more than 
half-speed, the counter-emf. will be 
around 125 volts. If the motor at- 
tained this speed with all of the rheo- 
stat resistance in circuit, it would be 
drawing only 50 amp. as the rheostat 


resistance would remain at 2.25 ms 
and the internal resistance at 0.25 
ohms. Therefore, at this value enough 


rheostat resistance should be cut out so 
that there will be only 1.25 ohms in the 
circuit. Then the equation will be, I= 
125+1.25, or 100 amp. This gradual 
reduction of resistance is carried out in 
a number of steps until the motor is 
connected directly across the line. 

It can readily be noted that if the 
rheostat is cut out too fast the motor 
will draw an excessive current due to 
the fact that it has not attained 
speed enough to generate a counter- 
emf. in proportion to the applied 
voltage and the resistance being cut 
out of the circuit. On the other hand, 
if the motor is advanced too slowly the 
starting taps, resistance, etc., will be 
endangered, as they are designed only 
for momentary service and not for 
speed control, which is something en- 
tirely different. 

With reference to his second ques- 
tion, a compensator is essentially a 
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transformer with only one winding, a 
portion of which acts as both the pri- 
mary and secondary winding. Almost 
any desired voltage lower than the ap- 
plied voltage can be obtained from it 
by taking off taps at the proper point. 
I believe this is made clear in the illus- 
tration, which shows an elementary de- 
sign of auto-transformer, operating 
from a 100-volt supply and provided 
with 10 taps from which any voltage 
from 0 to 90 volts can be obtained in 
steps of 10 volts. 

West Allis, Wis. EDWARD JAMES. 

* * + * 


Replying to F. H. in the February is- 
sue, an auto- transformer or a compen- 
sator has only one winding which is 
wound on an iron core and serves both 
as high- and low-tension winding. 

If connected across a source of volt- 
age the fall of potential along the 
winding is in proportion to the number 
of turns and any voltage lower than 
the applied voltage can be obtained by 
taking taps off the proper points on 
the coil. 

For alternating-current motors, the 
compensator supplies a reduced voltage 
to the motor circuit while the machine 
is accelerating from rest. Ordinarily, 
each auto-transformer is provided with 
several taps so that a number of low 
voltages may be obtained. Compensat- 
ors can be adjusted to give 50, 65 and 
80 per cent of line voltage with respec- 
tive line currents equal to 25, 42 and 
65 per cent of the current that would 


de taken by the motor if no compen- 


sator were used. In order to keep the 
starting current as low as possible, it 
is important to select the lowest taps 
that will start the load. To obtain 
full-load torque at starting requires 
about 80 per cent of normal voltage. 

Brooklyn, N. Y. HALSEY DEGRAW. 


% * * * 


With reference to an inquiry by F. H. 
in the February issue, calculation 
of resistance for direct-current motor 
starting rheostats, when treated theo- 
retically, is somewhat involved. How- 
ever, the following method will serve 
for ordinary industrial application in 
temporary or emergency cases: Com- 
pute maximum allowable starting cur- 
rent—this is generally assumed to be 
from 1.5 to 2 times the full-load cur- 
rent of the motor, depending upon the 
nature of load to be started. Then em- 
ploy sufficient resistance between the 
first active contact point and the last 
to limit the current to the above value. 

Steps should be so arranged that the 
amount of resistance cut out is less 
for each succesive step approaching the 
all-out position. For example, in an 
exaggerate] case the figures for com- 
parative resistance of a starting box 
from the first to the last step, six points 
being used, might be given as 15-9-5-1- 
14-0. The carrying canacity of the 
resistance element used is also gener- 
ally increased toward the last steps. 

Complete data sheets giving resist- 
ance, carrying capacity, etc., can be 
had from manufacturers of resistance 
alloys. Driver-Harris Company, Har- 
rison, N. J., will furnish information 
of this nature. 

For starting a. c. motors, an auto- 
transformer is usually employed. Dif- 
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ferent voltages are obtained by tapping 
the winding at points corresponding to 
the desired starting voltage. The usual 
percentage of these taps, with refer- 
ence to full-line voltage, is as follows: 
50, 65, 80 and 100. 

Baltimore, Md. EDWARD H. HAUSLER. 

* * * x 


With reference to the question by 
F. H. in the February issue, (1) if full 
line voltage were passed through the 
armature of a direct-current motor at 
standstill an excess of current would 
flow and cause damage. Consequently, 
a starting resistance has to be used to 
limit the current until the counter-emf. 
has built up to the proper value. 
The problem then, is tø determine the 
resistance which must be used to keep 
the current flow down to a safe value. 

According to Ohm’s law R=E~I, 
where E equals voltage, I equals cur- 
rent in amperes and R equals resist- 
ance in ohms. 

For the application of this law, sup- 
pose we have a 10-hp. 110-volt motor - 
which takes 90 amp. when fully loaded. 
The armature resistance is 0.05 ohms. 


Internal and external connections 


of auto-starter for alternating 


current motor. 


What value of starting resistance 
should be used, assuming that the 
starting current is to be 100 amp.? 

From the above equation, R110 
100=1.1 ohms. The resistance of the 
armature is only 0.05 ohms so that the 
starting resistance will have to be 
1.1-0.05=1.05 ohms. 

In a series motor, the field is in series 
with the armature and, therefore, its 
resistance must be added to that of the 
armature when making the above cal- 
culation. In the case of a compound- 
wound motor, the same allowance must 
be made as for a series motor. 

(2) The diagram shows how the dif- 
ferent taps are obtained and the auto- 
starter and motor are connected. The 
coils of an auto-starter are nothing 
more than an auto-transformer con- 
nected star. The coils are connected 
directly across the line when the motor 
is started. The lower starting voltage 
is obtained by means of taps taken off 
at different points on the windings. 
Usually three values of voltage are 
available. The first tap gives a voltage 
of 40 to 50 per cent of the line voltage; 
the second tap gives from 65 to 70 per 
cent, and the third tap gives about 85 
per cent. The selection of the proper 
taps depends upon starting conditions. 
If the motor has to start under heavy 
load a tap giving a higher voltage value 
is chosen. Conversely, a lower-voltage 
tap is used if the motor does not have 
to start under heavy load. 

Brooklyn, N. Y. MICHAEL REUTER. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Special Saw Rigged Up to Cut 
Out Wooden Flooring 


C UTTING out wood flooring for the 
placing of new machinery on a 
concrete base, proved a slow and dif- 
ficult operation in one industrial plant 
until the circular saw shown in an ac- 
companying illustration, was put on the 
job. This saw is driven by a portable 
electric drill mounted on a special car- 
riage consisting of a two-wheel tote 
truck, such as is ordinarily used for 
hauling small tote boxes around the 
plant. This truck may be purchased 
at a cost of $3 or $4 from almost any 
mill supply or machinery house. 

In attaching this saw, two holes are 
drilled in the frame of the tote car- 
riage, through which two screws are 
run into the regular tapped holes in 
the top head of the electric drill. The 
other end of the electric drill is sup- 
ported by a board., The spindle hous- 
ing of the drill fits snugly into a 
hole, which is drilled in the approxi- 
mate center of the board. One end of 
this board is held firmly by slipping 
the axle of the tote carriage through 
the end; the other end is supported by 
the two bolts ordinarily used to hold 
the frame to the handle of the tote 
carriage. 

The drill in the illustration is a y%-in. 
capacity electric drill (The Van Dorn 
Electric Tool Company, Cleveland. 
Ohio) on which the chuck is threaded 
to the spindle by a right-hand thread. 
As the diameter of this spindle is % 
in., an 8-in. diameter saw with a in. 
hole is used. To attach the saw, it is 
simply necessary to unscrew the chuck 
from the spindle of the electric drill, 


With this special carriage and saw 
wooden flooring can be cut out in 
about one-fifth the time ordinarily 
required. 

In addition, the saw does a much 
cleaner job. This outfit can easily 
be made up by using a portable 
electric drill, a saw and a small 
truck for tote boxes. This truck 
can either be purchased, or made at 
small cost. 


slip the saw onto the spindle and use 
the regular, threaded back chuck to 
hold the saw in place. 

The outfit shown in the illustration 
was used to cut out wood flooring 2 in. 
thick. A similar operation is frequently 
encountered in many plants when it is 
desired to remove a portion of the 
flooring in order to permit the mount- 
ing of heavy machinery on a concrete 
foundation or when it is desired to re- 
move sections of the flooring for re- 
pairs. With this outfit a neat job with 
a good straight edge can be obtained, 
and there is not the tendency to split 
some of the flooring that is not to be 
removed, as is the case when some 
other methods are employed. For 
example, one of the common methods 
used to remove flooring is to drill holes 
at the four corners of the section which 
it is desired to remove, and then use 
a hammer and chisel. 


ey 7 3 
— — gs Aa — od 


n 
EA y 
P a 3 


247 


An electrically driven saw of this 
sort does the work in about one-fifth 
the time usually required by hand. It 
would not take many such jobs to make 
it pay for itself. 


— — 


Rules Governing Fire Preven- 
tion in Industrial Plants 


REVENTION of fires in industrial 
plants is largely a matter of pains- 
taking care in the avoidance and re- 
moval of the conditions which cause 
fires. In many plants the primary 
causes of fires are not recognized or 
considered and there are no clearly de- 
fined regulations or inspection which 
will safeguard the property. 
Observance of the regulations given 
below is essential to any fire-prevention 
program. They embody precautions 
which apply generally to any manufac- 
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turing establishment and represent a 
thorough consideration of the ordinary 
causes of fires as shown by reports over 
a long period of time in several plants. 


Fire Prevention Regulations 


1. Fire hydrants, extinguishers, 
hose, and other firefighting ‘equipment 
must be kept clear of obstructions at 
all times, in order to permit quick and 
convenient access to them. 

2. Defective wiring, leaky steam 
pipes, etc., must be immediately re- 
ported to the superintendent. 

3. Putting overalls or other greasy 
clothing, waste, etc., in loekers is pro- 
hibited. 

4. Hanging clothing, towels, or cloth 
material of any kind on steam pipes or 
close to exposed electrical wiring is 
prohibited. | 

5. Electrical work is to be done only 
by the employees of the electrical de- 
partment. Unauthorized lights, fix- 
tures, inflammable shades, etc., are pro- 
hibited. l 

6. All electrical switch and panel 
cabinets must at all times be kept 
closed. In case temporary connections 
have to be made, such cabinets must 
be closed as completely as possible 
without injury to such temporary con- 
nections. 

7. Forges, open lights, and fires 
must not be left unattended, and must 
be extinguished before closing time. 

8. Before closing, all buildings must 
be cleared of inflammable refuse, and 
trash cans emptied or taken outside. 
Material such as waste, oil, etc., must 
be kept in the proper receptacles pro- 
vided for that purpose. 

9. Unduly high temperatures in build- 
ings must be investigated and reported 
at once to a foreman or the superin- 
tendent. 

10. Unslaked lime and all inflam- 
able materials must be kept only in 
places designated by the superinten- 
dent. 

11. Smoking in the plant is prohib- 
ited, except at such times and places as 
permitted by the superintendent. Safety 
matches only may be carried or used in 
the plant. 
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12. An inspection of all buildings 
and fire apparatus will be made every 
two weeks by an employee designated 
for this purpose by the superintendent 
and a written report of each inspection 
will be made. 


Washington, D. C. G. A. LUERS. 


One Way to 
Take Measurements and Lay Out 


Machine Guards 


HEN making guards for indus- 
trial machines, perhaps the first 
point to take into consideration is to 
make sure that they conform with any 
state or insurance regulations. These 
cover the type of guard to be used, the 
size, clearance and other requirements 
of the object which must be guarded. 
In addition, two other important points 
must be considered. These points 
cover the rigidity of the guard and 
also the workmanship. To make a 
guard rigid requires that it be made 
of the proper material and be properly 
braced. Workmanship also affects the 
rigidity of the guard as well as its ap- 
pearance. Other important factors af- 
fecting appearance are the care and 
accuracy exercised in laying the guard 
out properly. 
Suggestions for measuring an instal- 
lation and laying out the guards are 
given by the Consolidated Expanded 
Metal Companies, Braddock, Pa., for 
guards made of “Steelcrete,” an ex- 
panded metal. While taking these 
measurements is one of the most im- 
portant, it is also a simple operation 
in the construction of maehine guards. 
The method of taking these measure- 
ments is shown in A of the accompany- 


Steps in taking the measurements 
and laying out a machine guard. 


The pulley and belt are measured 
with the aid of scales and a plumb 
line, as shown at the left. These 
measurements are then transferred 
to black sheet metal placed on the 
floor. After drawing the outline of 
the machine and adding the clear- 
ances, the outline of the guard is 
then drawn in and used as a templet 
for laying out the guard and the 
angle-iron frame. 
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ing sketch. In this a knot is made in 
the plumb line at a point 6 ft. from the 
tip of the plumb bob. This is held so 
that the tip of the plumb bob touches 
the floor and the line passes through 
the center of the pulley shaft. This 
plumb line then becomes a center line 
and from it all essential measurements 
as indicated are taken in both direc- 
tions. 

In laying out the guard, these meas- 
urements are first transferred full size 
on to a plain surface. One method of 
doing this is shown in B. A good, prac- 
tical drawing surface may be made by 
fastening a few light-gage black metal 
sheets to the floor. A vertical line 
corresponding to the plumb line is used 
as a center line and the various meas- 
urements obtained in A are drawn out 
on this sheet metal. The necessary 
clearance as required by state factory 
or insurance inspection rules is then 
added and the outline of the guard is 
then drawn in. These outlines are 
most easily drawn in with a soapstone 
pencil. The expanded metal can then 
be laid on top of this drawing on the 
floor and trimmed to the proper size, 
or the lines upon which the metal is 
to be cut marked on the expanded metal 
and then cut by a shears or by other 
means. It is customary to build one 
side of the frames of the guards at a 
time. The angle iron is cut, bent, and 
fitted exactly to conform to the outline. 
The expanded metal after it is cut to 
size is then fitted and fastened to the 
angles. 

Ordinarily, state or insurance regula- 
tions specify that guards for such 
drives as shown at A need be only 6 
ft. from the floor, as that is considered 
high enough to prevent accidental in- 
jury. By far the largest item in the 
manufacture of guards is the labor in- 
volved. Ordinarily, the cost of mate- 
rial almost regardless of the kind or 
quality, will not be more than 15 or 
20 per cent of the cost of the finished 
guard. For this reason, it is always 
an advantage to get a good grade of 
material and when spending the money 
for workmanship to see that only the 
best is put into it. A rough, unfinished 
guard is not only unsightly but may be 
unsafe. ; 
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Method of Making a Tripod 
From Conduit 


TRIPOD that will handle up to 

1,500 Ib. and which may be made 
from conduit, has been found very 
handy around our plant for making 
lifts over small machines that are not 
reached by the traveling crane. The 
legs of the tripod are made from three 
pieces of 1%-in. conduit, each piece be- 
ing 9 ft. long. Flatten one end of two 
of the legs for a distance of about 2 in. 
and bend the ends out a little. The 
third piece should have one end fiat- 
tened for a distance of about 6 in. A 
34-in. hole is drilled through each of 
the flat ends. The three flat ends of 
the conduit, together with a clevis 
about 6 in. long are then bolted to- 
gether by means of a %-in. bolt. 

To the bottom end of each leg a 
pointed 1%-in. solid rod is welded. 
This is done to prevent the tripod from 
slipping when it is set up. The chain 
block or block and tackle is hooked on 
to the clevis which is at the top of the 
tripod. 

This tripod can be quickly set up 
over any part that has to be lifted. It 


will be found that one man can handle 


it easily. Also it can be folded together 
and put in the shop when not in use. 
Chief Electrician, W. B. CONE. 


Shevlin-Hixon Company, 
Bend, Ore. 


Comparative Costs on 
Three Types of Factory Floors 
for Trucking Runways 


FTER many years of experience on 
floor maintenance, I have decided 
that for our work the best material for 
trucking runways and for floors for 
heavy work, is the creosoted wood 
block. -For several years I have ex- 
perimented with different mixtures of 
concrete and surface hardeners, but my 
experience has been that the concrete 
did not stand up under our require- 
ments. Certain spots seem to wear 
faster than others, small depressions 
result or cracks develop, and these soon 
grow into holes. 

Furthermore, concrete does not lend 
itself well to any patching process. The 
patch is seldom a perfect bond with the 
old concrete and a crack usually de- 
velops at the bond. Another cause for 
the patch not standing up, is that the 
surface of the patch is new and hard, 
with a skin on it. The old concrete has 
the surface or skin fairly well worn 
off. Where the truck wheels move 
from the surface of the old concrete 
onto the surface of the new, there is 
a very slight bumping action which 
soon develops a depression at this point 
and as the truck leaves the patch the 
same thing is repeated and eventually 
gives two bad spots instead of one. No 
doubt, in some plants where the truck- 
ing is not severe, the concrete might 
show up better, but the trucking in our 
plant is extremely severe. 

The plank type of runway is, I be- 
lieve, to be preferred to concrete and 
has some good points but, unfor- 
tunately, several bad ones, also. I 
have obtained the best results with the 
planks laid so that the traffic was with 
the grain. This stands up well and is 
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cheaper to install and to repair. It is 
better to lay the plank in the longest 
lengths obtainable as the less joints 
the better; trouble usually occurs first 
at the joints. Wood planks have the 
advantages of being dustless, noiseless 
and easy to repair, and the disadvan- 
tages of wearing rapidly and unevenly, 
and eventually splintering. Foot in- 
juries often result when splintered 
wood runways connect up with a pair 
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Cost Per Vear of Factory Floors 


COST PER 

Ty PE OF FLOORING USEFUL LIFE Sa. FT. 
Concrete 8 years 4.1 cents 
Hardwood plank..... 8 years 3.8 cents 
Creosoted wood block 30 years 1.7 cents 


— — en 


of badly-worn shoes. In some lines of 
manufacture, particularly rubber prod- 
ucts, these splinters manage to get into 
the product and may cause serious 
trouble and complaints. 

Because of the disadvantage of con- 
crete and plank flooring, I believe that 
the creosoted wood block is, all things 
considered, the best for our work and 
am using a 2%-in. by 3-in. by 7-in. 
block, 8 lb. treatment. These blocks 
when installed in runways on the 
ground floor of the plant, are set as 
follows: The foundation consists of 
4 to 5 in. of well-rammed concrete, 
leveled off fairly well on top. The top 
of this concrete is finished off at such 
a depth as to allow for the thickness 
of the blocks and from M in. to % in. 
of sand cushion. . 

After the concrete is well set, it is 
covered with a layer of lake sand, not 
too fine, and this is leveled off very 
slightly higher than the thickness of 


the blocks below the surrounding floor. 


level. The blocks are then laid in place, 
end grain up, and driven tightly 
against each other. If the edges of 
the area cut out for the runway are 
uneven, (if in a concrete floor), pieces 
of 2-in. by 3-in. plank are laid along 
the edge and held in place by cross 
pieces which are removed as the work 
of laying the blocks progresses. These 
serve the purpose of a straightedge to 
lay the blocks against. After all the 
blocks are laid, they are covered with 
lake sand; this is swept well into the 
cracks between the blocks and then the 
whole surface is well tamped. The 
side pieces, serving as straightedges, 
are then removed and any openings left 
are filled with concrete. This finishes 
85 runway straight and flush with the 

oor. 

If the block runway is being laid in 
a plank floor, the edges of cut out area 
for the runway can 
and true without any trouble. We have 
had little need to use wood blocks on 
floors other than the ground floor, but 
it is entirely feasible. Our trucking on 
floors other than the ground floor is 
fairly light and tongue-and-groove 
hard maple, % in. thick, has been 
reasonably satisfactory when laid so 
that the traffic was with the grain. 

Creosoted wood block is not expen- 
sive when its life is taken into con- 
sideration, although the first cost is 
higher than most types of flooring. 
The first cost is practically all the ex- 
pense as the repairs for many years 
are nil. Our actual cost on the wood- 
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block runway is 53 cents per square 
foot laid for the 2%4-in. by 3-in. by 7-in. 
blocks. Of this amount, 28% cents 
covers the concrete foundation and lay- 
ing of the blocks; the balance repre- 
sents the net cost of the blocks. This 
cost would, of course, vary considerably 
according to the location of the plant. 
The cost of the material would be 
lower in the United States than in 
Canada, but the labor cost would be 
higher. n 

An estimate of the actual life of the 
wood-block runway would be about 30 
yr. based on the following: -Several 
tests were made on the busiest run- 
ways in our plant at points where the 
heaviest traffic is experienced, and 
after two years of service the max- 
imum wear shown on the blocks was 
only Me in. At exactly the same loca- 
tion, in a previous test on wood plank, 
the wear at the end of two.years was 
¥, in., or four times the wear on the 
blocks. Tests also showed fhat nom- 
inal 2-in. hardwood plank will, under 
heavy traffic, be reduced to 1 in. and 
less in thickness in eight years and is 
then in a dangerous condition. 

A wood-block runway of 2%-in. 
blocks has the advantage of the addi- 
tional thickness over the ‘plank for 
extra wear. Also, if the blocks become 
too badly worn for easy trucking, they 
can be taken up without damage, more 
filling put under them, and releveled. 
With the plank floor it is necessary to 
turn it and it is nearly impossible to 
make a good job, because the planks 
nearest the sides of the runway are 
often not worn so much as those in 
the center and require a lot of shim- 
ming up and fitting. With the’ blocks, 
the ones at the edges which are not 
worn so much can be placed in the cen- 
ter when resetting and the worn ones 
placed to the edges; the difference in 
thickness is taken care of with the 
sand fill underneath. 

The wood blocks are not dusty and 
are quiet. As they are end-grain, they 
have very little tendency to cut into 
ruts, especially as the directions of the 
end grains are mixed up considerably. 
Wood blocks are easy to patch and if 
a runway is changed in location, there 
is little waste in taking it up and mov- 
ing it. In such a case the space left 
vacant by its removal can be filled 
solid with concrete; if located in a wood 
floor, stringers can be set in and a 
regular floor laid. Another favorable 
feature of the wood-block runway is 
that on account of the size of the 
blocks they can be laid to follow any 
inequalities in the floor level without 
any trouble. This, of course, can also 
be done with a concrete runway, but 
is a very troublesome problem some- 
times with a plank runway, especially 
in old floors. 

The actual costs of the three dif- 
ferent types of runways mentioned in 
this article have worked out with us 
as shown in the accompanying table. 
This is based on cost per year, per 
square foot. 

Some of the readers of INDUSTRIAL 
ENGINEER may not agree with me re- 
garding this, and I would be interested 
in seeing some discussion along this 
line. L. J. CLAYTON. 
Assistant Mechanical Engineer, 


Goodyear Tire & Rubber Co. of Canada, Ltd., 
Bowmanville, Ont., Can. 
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Comment on 
»Paralleling of Alternators 


Coupled to Same Shaft” 


HE following interesting comment 

on the short article by R. S. Hunt- 
ington, which was published under the 
above heading on page 153 of the 
March, 1925, issue of INDUSTRIAL ENGI- 
NEER, has been received from Mr. Car- 
ter of The Baylis Company. His sug- 
gested method of doing the job, together 
with Mr. Huntington’s comments there- 
on, are given below.— EDITORS. 


In the method used by Mr. Hunt- 
ington, the bolts were removed from the 
coupling connecting one alternator 
with the water wheel and the coupling 
tied together with cords strong enough 
to permit the alternators to be brought 
up to speed by the water wheel. Sim- 
ple as this method was, I believe it 
could be simplified by omitting the ty- 
ing together of the couplings. If the 
coupling were disconnected, the fields of 
both machines fully excited while they 
were standing still, and the switches 
paralleling the two alternators closed, 
when the water wheel was started, 
the generator, which is coupled to the 
waterwheel, would bring up to speed 
the uncoupled alternator as a synchron- 
ous motor. The field could then be ad- 
justed and the coupling marked as de- 
scribed in the article mentioned. 
engineer, EDWARD D. CARTER. 


The Baytis Company. 
Bloomfield, N. J. 


* * * * 


I have read Mr. Carter’s comments 
with interest. His suggestion is all 
right provided an independent source 
of exciting current of the proper volt- 
age is available before the waterwheel 
is started. In the case mentioned in 


the article, however, the only exciter 


in the plant was coupled to the same 
shaft as the waterwheel and, therefore, 
no direct-current excitation was avail- 
able until the waterwheel was running 
at a little better than half-speed. 

The method of tying the couplings 


* è a KJ 
Electrical Service 
Around the Works 
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For this section ideas and practical methods devised 


to meet particular operating conditions are invited 
from readers. 
overhauling, testing or special installations. 
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The items may refer to inspection, 


together with a piece of string was 
adopted as the simplest and safest 
method available for getting the uncou- 
pled alternator up to speed in such a 
manner that the strain would be at a 
minimum when excitation was applied. 


President, R. S. HUNTINGTON. 
Huntington & Guerry, Inc., 
Greenville, S. C. 


How a Lifting Magnet Is Used 
to Handle Steel Scrap 


EMOVING and loading scrap upon 
railway cars is a troublesome 
problem in many industrial plants. 
This, however, has been satisfactorily 
solved at the Chicago, III., plant of 
Harrington & King Perforating Co., 
who are manufacturers of perforated 
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This view shows how the magnet 
conveyor system for handling steel 
scrap is enclosed for safety. The 
door provides a means of inspect- 
ing the operation of the conveyor. 


metals for industrial screens and other 
purposes. As practically every pro- 
duction machine turns out scrap, a very 
careful study was made when the lay- 
out of their new plant was being drawn 
up, to determine the best means of han- 
dling and disposing of this material. 

Now the scrap steel, as it accumu- 
lates, is carried to a 400-ton storage 
bin below the floor level at one end of 
the main building. To load the scrap 
from this bin into gondola cars, which 
are spotted just outside the building, 
the hoist shown in the accompanying 
diagram was constructed. This hoist 
is much on the order of a skip hoist, 
except that the skip has been replaced 
by a No. 3 E. C. & M. (The Electric 
Controller & Mfg. Co., Cleveland, Ohio) 
magnet. This magnet is suspended 
from a 45-deg. track which runs from 
the hopper below the scrap bin to a 
chute which has a spout dropping over 
a gondola car on the adjoining track. 
To cut down the power necessary to 
operate this system, the magnet is bal- 
anced by a counterweight which moves 
in a direction opposite to that of the 
magnet. The loaded magnet is driven 
through a friction drum by a 10-hp. 
E. C. & M. motor. 

When the magnet is in its lower posi- 
tion, where it is resting on the scrap 
in the hopper, the current is turned on 


This 
the arrangement of a skip hoist 
ma a magnet for handling scrap 
steel. 


diagrammatic sketch shows 
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and the magnet picks up a load of 
scrap. The operator then runs the mag- 
net up above the loading chute, the 
magnetizing current is turned off and 
the load is dropped. By this unique 
arrangement, 20 tons of scrap an hour 
can easily be loaded. This means that 
with 62 trips in an hour, the magnet 
is averaging over 650 lb. per lift. In 
addition to reducing materially the 
handling cost on scrap steel, the com- 
pany is receiving an additional $2 per 
ton for the scrap when delivered to 
the car instead of in the yard. 


Application of Space Heaters 
in Battery Manufacture 


EATING the compound used to 

seal the covers into the cells of 
automotive storage batteries has always 
been a problem. For this compound to 
work best, the temperature must be 
maintained constant within a variation 
of 8 deg. or 10 deg. F. The heat con- 
ductivity of this material is so low that 
a hot plate under the kettle is extreme- 
ly inefficient and slow, and, as this 
material is highly inflammable, open 
flames of any kind would be very dan- 
gerous. 

This, and other similar problems, 
were solved about four years ago at the 
Westinghouse Union Battery Co., at 
Swissvale, Pa., by some unique applica- 
tions of standard electric space heaters. 
As an example, for heating the sealing 
compound, space heaters were clamped 
solidly against the sides and bottoms of 
the compound tank and the tanks and 
heaters were then covered with sheet 
asbestos. The pipe which leads from 
the tank to the nozzle of the sealing 
machine, as shown in the accompanying 


By means of space heaters these 
molds are kept at the proper tem- 
perature for pouring the lead grids. 


Unless these molds for casting the 
grids for storage batteries are at 
the proper temperature, the grids do 
not cast well. To remedy this three 
electric space heaters are clamped 
on each side of the mold. These are 
connected in opposite pairs so that 
the operator can control the temper- 
ature easily through a switch. 
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illustration at the top of the page, is 
heated by passing a current of low 
voltage and high amperage through it. 
A thermo-couple that actuates a relay 
is inserted in this pipe near the nozzle. 


The manufacture of storage bat- 
teries is simplified by the use of 
electric heat. 


One of the big problems in the man- 
ufacture of storage batteries is to 
get the sealing compound to flow 
down into the battery through the 
pipes and seal the covers on to the 
cells. Space heaters, as described in 
the text, keep the compound warm 
in the melting tank and special ar- 
rangements to heat the pipe facili- 
tate the pouring. 


This relay, in turn, opens and closes 
the circuit leading to both the space 
heaters and the feed pipe, and so keeps 
the temperature well within the desired 
limit. 

Another bothersome heating problem 
was in connection with the manufacture 
of soft metal storage battery grids. 
The grids have a light cross-section and 
are cast in metal molds. The illustra- 
tion at the bottom of the page shows 
the workman closing a mold prepara- 
tory to casting. A pile of grids is 
shown at his right. 

Unless the molds are at exactly the 
right temperature it is impossible to 
get good production of perfect grids. 
When an open flame was used to heat 
these molds, it was difficult to get the 
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correct temperature; also the open 
flame was somewhat dangerous. Now, 
space heaters give the right sort of 
heating conditions. Three heaters are 
clamped on each side of the mold. These 
are connected in opposite pairs so that 
the operator can control the tempera- 
ture of any part of the mold by means 
of a switch. No attempt is made to do 
this automatically because molds for 
different grids require different heats. 
Pilot lights indicate to the operator 
which pair or pairs of heaters are 
working at any time. 

Electric heat is also used for lead 
pots, and for melting small quantities 
of lead, solder and other materials in 
various departments. In another de- 
partment the application was in con- 
nection with the manufacture of long 
strings or “worms” of sealing com- 
pound about %-in. square. These 
squares are used cold and are extruded 
from a press. It was found that the 
press could not handle the cold com- 
pound well; so a pair of space heaters 
was clamped on the outside. These 
warm the press just enough so that the 
compound flows out of the press, at the 
proper consistency for use. Electric 
heat has beenefound very useful be- 
cause of its safety, flexibility, and ease 
of control in many of these operations. 


Production Engineer, P. E. Norris. 
Westinghouse Union Battery Co., 
Swissvale, Pa. 


Simple Method of 
Interlocking the Control of Coal- 
Handling Equipment 


OAL-HANDLING equipment for a 

small power station consisted of a 
pivoted-bucket carrier, which was used 
in conjunction with a rubber belt con- 
veyor and a coal crusher. Coal was 
brought by rail in gondola cars to the 
power station where it was dumped into 
a hopper which led to the rubber belt 
conveyor. The belt conveyor carried 
the coal to the pivoted-bucket carrier, 
which in turn carried the coal to the 
top of the boiler house where it was 
fed directly into the coal crusher. 
These three machines were driven by 
separate motors. To prevent the coal 
from piling up in case one motor should 
stop, it was essential that all motors 
between this motor and the point where 
coal was received should shut down 
simultaneously. 

It was found that this could be very 
easily accomplished by using standard 
General Electric enclosed across-the- 
line starting switches, type CR-7006- 
D5, and electrically interlocking them. 
This magnetic switch consists of a 
three-pole contactor, an extra pole 
which is provided for use as an elec- 
trical interlock, and a two-coil, hand- 
reset temperature overload relay. The 
relay has two heating elements, one 
connected in each of two phases, so 
that it provides full overload protec- 
tion. After the overload relay trips 
due to an objectionable overload, the 
contact must be reset by a resetting 
device operated from the outside of the 
case. 

The starting switches are ordinarily 
operated by means of a start-and-stop 
push button station. In case a con- 
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tactor opens due to failure of voltage 
it will not close automatically on re- 
turn of voltage, but the start button 
must be pressed in order to restart 
the motor. Also, in the event of an 
overload causing the contactor to open 
it is necessary to reset the relay by 
hand before pushing the start button to 
start the motor. 

Three of these starters were connect- 
ed up as indicated in the accompanying 
diagram. It will be noticed that for 
the crusher motor the standard scheme 
of connection was used. The pivoted- 
bucket carrier motor and the belt con- 
veyor motor were also connected up in 
a similar manner but, in addition, sin- 
gle-pole, double-throw snap switches 
were wired into the control circuits of 
the operating magnets of these two 
starters. Also, control wires were con- 
nected from one pole of the snap switch 
to the three-pole contactor of the ad- 
jacent starting switch, as is shown in 
the diagram. 

For normal operation, both of the 
single pole, double-throw snap switches 
are closed as shown in the diagram. 
With this connection it is only neces- 
sary to push the start button of the 
crusher motor to start all of the motors. 
The sequence of operation is as fol- 
lows: Pushing the start button on the 
crusher motor, closes the three-pole 
contactor starting this motor. As soon 
as the three-pole contactor of the 
crusher starter closes, power is supplied 
over the control wire to the operating 
coil of the pivoted-bucket carrier motor 
which, in turn, starts this motor. As 


Diagram of connections for inter- 
locking the sequence of starting 
and stopping of motors. 


This control scheme was installed 
for controlling the operation of 
three motors driving the cogi-han- 
dling equipment in a small power 
plant. To prevent piling up coal at 
any point it was essential that the 
crusher motor be running before the 
pivoted-bucket carrier motor was 
started. Likewise, it was necessary 
that the pivoted-bucket carrier mo- 
tor be running before the belt con- 
veyor motor was started. The con- 
trol scheme shown in the diagram 
made the control of the motors fol- 
low this sequence. 
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soon as the three-pole contactor of the 
pivoted-bucket carrier starter closes, 
power is applied to the operating coil 
of the belt conveyor motor starter which 
causes it to function, starting the belt 
conveyor motor. Hence, it is seen that 
with this arrangement the pivoted- 
bucket carrier motor and the crusher 
motor must always be running before 


the belt conveyor motor can run and . 


thus there can be no piling up of coal 
at any point in the system, due to the 
stopping of a motor. 

If it is desired to stop the motor, the 
stop button on the crusher motor may 
be pushed which will shut down all 
motors or the snap switch on either of 
the other two motors may be turned 
which will shut down that motor. If 
the snap switch on the pivoted-bucket 
carrier motor is turned, that motor as 
well as the belt conveyor motor will be 
stopped. If the snap switch on the belt 
conveyor motor is turned, the belt con- 
veyor motor only will be stopped, thus 
preventing piling up of coal anywhere 
in the system, should a motor be shut 
down. 

When the snap switches are thrown 
to the position shown by the dotted 
lines in the diagram, the particular 
motor to which this snap switch ap- 
plies is cut out of the interlocking 
sequence and can be operated indepen- 
dently by means of the start-stop but- 
ton for testing purposes. 


RoGER F. EMERSON. 
Industrial Engineering Dept., 
General Electric Company, 
Schenectady, N. Y 


How an Improvised 
Method of Regulating A. C. 
Voltage Kept a Plant Going 


ECENTLY, it was necessary for 

an industrial plant to commence 
operations before the arrival of a 
voltage regulator. Since the load flue- 
tuated rapidly and it was found impos- 
sible to regulate by hand, using the 
rheostats, the method shown in the 
accompanying sketch was devised. An 
ordinary telegraph key was connected 
across the terminals of the exciter 
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rheostat so that when the key was 
closed the resistance was cut out, and 
when the key was opened resistance 
was introduced into the exciter field 
circuit, as shown. 

In operation, the exciter field rheo- 
stat had its resistance all cut in, while 


This emergency scheme maintained 
constant voltage on an alternator 
and prevented a plant shutdown. 


In the diagram A is a telegraph key: 
B the exciter field rheostat; C the 
exciter fleld; D the alternator neld 
rheostat; E the alternator fleld and 
F the stator winding. 


the main rheostat in the alternator 
field circuit had its resistance all cut 
out. If the main resistance was cut 
in, excessive sparking took place at the 
telegraph key contacts, heating up the 
key and making it uncomfortable to 
operate. When the key was closed the 
voltage rose and when it was opened 
the voltage fell. 

The telegraph key was mounted upon 
a table in front of the switchboard, so 
that the voltmeter could be watched, 
and one of the helpers was detailed to 
operate it. By this means the voltage 
was maintained constant during the 
working hours when the large ma- 
chines, such as sizers and cut-off saws, 
etc., were running. At other times it 
was maintained nearly constant by 
changing the rheostat arm positions 
for various loads, such as lighting and 
1 planers which carried a steady 
oa ; 

In this way several important orders 
were saved and the plant kept in opera- 
tion until. the arrival of the voltage 
regulator. L. STEVENS. 
Construction Engineer, 


Smith Robinson Co., 
Vancouver, B. C. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 


Mechanical Maintenance of 


-= Power 


How Frozen Motor Bearing Was 
Removed and Repaired 


LONG about ten o'clock one 
morning our motor began to 
slow up and shortly stopped altogether. 
Fuse tests showed that we had power 
right up to the machine. When we 
tried pulling on the belts we discov- 
ered, however, that something was 
stuck. This was finally traced to one 
of the bearings on the 30-hp. Westing- 
house induction motor, and we couldn’t 
budge the thing. Investigation showed 
that the oil ring had jumped and 
landed on top where it stayed high and 
dry; it was a motor that was not yet 
equipped with oil ring retainers but 
this was the first time in five years that 
we had had any trouble. 

A fine fix that was. A frozen bear- 
ing tied up the whole shop and there 
was no other machine shop within ten 
miles! We were about to dismiss the 
men for the day, for more than half 
of them were doing actual machining 
operations, when the foreman offered 
to retain six men to do the repair job 
and find hand work for the remainder 
of the machine hands. 

Quickly dispatching three of the men 
to preliminary work, he took the other 
three to the job of getting the bearing 
free from the shaft. That proved to 
be more of a task than had been an- 
ticipated. The motor head was of cast 
iron, of light ribbed form, and would 
not stand much of a stress; that made 
it harder to put any pressure on it 
to help pry the bearing along the shaft, 
and the possibility of a complete tie. 
up if we lost the motor head made us 
more than careful. If the head were 
pulled off the bearing, leaving the lat- 
ter stuck on the shaft, there was no 
way to get behind the bearing to press 
or drive it off. 

In the end, we attached a piece of 
flat bar stock to the motor head by 
clamps and bolts. This gave us a lever 
10 ft. long which we used to free the 
bearing from the shaft and, very 
slowly, we were able to free it enough 


ing 


Drives 


to move it along and off. All the while 
we were afraid that the set screw let 
into the bearing from the head would 
shear off, but it didn’t. 

Meanwhile the men detailed to other 
parts of the job had a lathe ready to 
bore out the bearing, had a fire and the 
babbitt hot, and had prepared a man- 
drel and a set-up to re-babbitt the box. 
The old babbitt was melted out, and 
the new metal was soon solidifying in 
its place. One of the gang had already 
smoothed off the shaft and found it to 
be unhurt. 

The best lathe hand was given the 
job of chucking the newly babbitted 
piece and boring it out. But how were 
we to bore it out when the only power 
in the place was gone? 

The foreman had supplied the 
scheme, which was to use human 
power, and he had provided well for it. 
There were now five men from the job 
who were waiting around and these 
five were formed in line in front of 
the lathe, to pull the belt. This they 
did with a will. It became a sort of 
game and as fast as one man dropped 


The oil ring jumped out of place 
and the bearing froze. 


A & in. by 2-in. bar 10 ft. long was 
clamped to the end bell with hook 


bolts as shown. Two men carefully 
turned and pulled at the bar until 
they worked the head off and 
brought the frozen babbitt bearing 
along with it. ore heroic methods 
might have broken the end bell. 
How the problem of boring out the 
bearing when no power was avall- 
able, was solved, is given in the ac- 
companying item. 


service from the first mechanical driv- 
element 
equipment to all driven machines. 


through transmitting | 


his arms in sheer exhaustion, the next 
in line took his place and followed suit. 
Actually, this man-power was almost 
as speedy as electric drive would have 
been and the man who took the cuts 
found he had little time between them, 
the boys really making him hustle and 
taunting him with his lack of push. 

In this way, the bearing was made 
ready for use. Oil grooves were cut 
and it was replaced in the head, after 
checking the fit by trying it first on 
the shaft. The motor was assembled 
and the machinery started again in a 
little less than five hours. The cost to 
us was about $25, but that was only a 
trifle of what it would have been but 
for the bright idea of the foreman. 

DoNALD A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


Why Shafts Peen Under Inner 
Rings of Ball Bearings 


N THE case of belt-connected mo- 
tors, there is sometimes a tendency 

toward a shaft-peening action under 
the inner rings of ball bearings. This 
is particularly noticeable when a belt 
is laced instead of being made endless 
with a cemented joint. The repeated 
shock on the driving pulley, which is 
transmitted to the bearing as the belt 
lacing strikes the pulley will, unless 
ball bearings are very carefully fitted, 
start this peening action under the 
bearings. The same action is started 
in a gear drive connection when one 
or two teeth are broken so that a simi- 
lar shock occurs when these points of 
the gear engage and. let loose. 

A well known ball bearing manu- 
facturer states that this trouble can 
be overcome by the use of a wide in- 
ner ring with a width equal to its bore. 
The advantage claimed for this greater 
width of inner ring is that the extra 
width affords the shaft proportionately 
greater support to resist vibration. At 
the same time the mounting is kept 
much more compact and the inner ring 
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does not require such a close fit on the 
shaft. In this way the danger of ex- 
panding the inner ring and cramping 
the bearing is avoided. 


Getting More Power at the Die 


of Punch Presses 


CCASIONALLY a shop needs to 

get more work out of a punch 
press than it is designed to turn out. 
Usually manufacturers have put ample 
strength into the machines for their 
flywheel size and speed and this ex- 
cess permits a certain amount of crowd- 
ing to be resorted to on special jobs. 
Again, in case an executive is hard 
pressed he may be willing to take a 
chance on strength to get work out. 

The commonest way to get more pow- 
erful strokes is to speed up the ma- 
chine. A full knowledge of safe rim 
speeds for cast-iron wheels should pre- 
cede such a change. As the available 
power is increased as the square of the 
speed, a slight change will often give 
the desired result. Large increases in 
speed are not always successful because 
the required increase in speed of hand 
feeding cannot always be made. 

Increasing the weight of the rim is 
also a satisfactory method. A spare 
flywheel may be bolted to the side of 
the one on the press, or carried on an 
extension of the shaft. One shop had 
some steel railroad tires about 3 ft. 
in diameter and occasionally attached 
these by means of bracket castings to 
gain more “punch” for odd jobs. When 
this is done care must be exercised to 
keep the wheel balanced. 

On punch presses and other similar 
machines with an adjustable stroke, it 
is a common expedient to increase the 
stroke for the purpose of decreasing 
the fraction T’/T which must be solved 
in the equation to determine the energy 
available. T’ is the time in seconds of 


the actual cutting and T the time of 


the complete stroke. This works out 
well in some cases, but in one recently 
noted, it was tried to no avail. The 
men decided that the machine was too 
weak, when their reasoning was upset 
by the suggestion of the operator that 
they shorten the stroke and thus in- 
crease the ratio of the power arm to 
the work arm. It worked. 

A plant that was cutting small 
shapes of leather. from piles of soft 
hides an inch thick with cutting dies, 
resorted to a still different method of 
getting more power. The punch press 
had two notches in the flywheel hub to 
engage the bolt. The operator was a 
fast worker and could have “caught” 
every other stroke if the press had been 
running continuously, but continuous 
running would not have allowed time 
for shifting the work. He tripped so 
rapidly that the flywheel did not have 
time to recover its speed and, there- 
fore, the machine often stuck. The rem- 
edy was to plug one of the notches in 
the hub. Then, with a white paint 
mark on the inside of the rim to in- 
dicate the position of the remaining 
notch, the operator could get the recov- 
ery of practically one whole revolution. 
His hourly output was increased above 
what it had been when the machine 
stuck from quick tripping. 

An interesting “stunt” was done with 
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a machine which had a loaded“ fiy- 
wheel to increase its power to punch 
out pasteboard discs or wads. The legs 
were taken off and the press turned 
bottom side up; the legs were then 
attached on the side. This gave an 
unobstructed surface on top on which 
were placed the mailing tubes into 
which the wads were forced as cut. 
This was simpler than putting the 
tubes below, for then some sort of a 
follower would have been required in 
each tube to prevent crossed wads. 


Dust Seal for Hanger Box and 
Pillow Blocks 


NDER conditions where there is an 
unusually large amount of dust, 
such as exist in cement mills, grinding 
rooms, mines or woodworking plants, 
it is almost impossible to exclude dirt 
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This shows the details of the dust 
seal on a hanger bearing. 


from bearings. However, some indus- 
trial plants of this type are using a 
dust seal, as shown in the accompany- 
ing illustration, which can, if desired, 
be furnished with hanger boxes and 
single or double pillow blocks. 

The illustration, which shows the de- 
sign of this seal, is practically self-ex- 
planatory. The extra seal is merely an 
extension on the self-locking collar 
which encloses the end of the box and 
fits over the corners so as to keep the 
dust from working down. The corners 
of the box are cut down and have a rim 
so that the seal closes down around 
them snugly. This rim stops any dirt 
that might otherwise get around. Since 
this seal revolves with the collar and 
shaft, it tends to throw. the dirt out by 
centrifugal force and thus makes a 
dust-proof enclosure. This seal (Fafnir 
Bearing Company, New Britain, Conn.), 
is necessary only under exceptionally 
dirty conditions, since in most cases the 
pressed-steel dust caps are found suf- 
ficient. 


Suggestions Which 
Reduce Cost When Ordering 
Bevel Gears 


NY article which is special or made 
| to particular order must neces- 
sarily cost more than if standard prod- 
ucts are used. This is especially true 
in many products used by industrial 
men. Frequently even special articles 
such as bevel gears have certain stand- 
ard dimensions which most manufac- 
turers of this equipment can supply. 

Two of the most important items in 
the cost of small quantities of bevel 
gears are pattern and drafting-room 


expenses, together with the cost of en- 


tering the shop order with the neces- 
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sary information for its proper execu- 
tion. Each pair of gears requires a 
sketch or drawing showing outside di- 
ameters, face angles, edge angles, back 
angles, cutting angles, hub length and 
backing of each gear and pinion. Pat- 
terns also must usually be made unless 
standard listed gears are used. 

Even if a manufacturer has several 
thousand well-assorted, bevel-gear 
blank patterns, it would be safe to say 
that in not more than one instance out 
of ten could existing equipment be 
used without alteration. 

This may be better understood when 
we analyze the pattern situation more 
closely. Bevel gears mesh correctly in 
pairs only. Consider for example a 
16-tooth pinion mating with a 48-tooth 
gear with ratio of 3 to 1. If the num- 
ber of teeth in the pinion are increased 
or decreased, it will change the angles 
of the mating gear. As a matter of 
actual practice, if a pattern were made 
for the above pair of gears, it would 
probably be usable for the same number 
of teeth (48) of the same pitch and 
face to mesh with a pinion having one 
or possibly two teeth more or less than 
16. However, a very careful check of 
the pattern would have to be made to 
determine this. From this it will be 
noted that to carry the necessary pat- 
terns for all combinations of bevel 
gears would be impossible. 

By selecting listed bevel gears prac- 
tically all of this expense is eliminated. 
Patterns are made and are used fre- 
quently. Also, complete drawings are 
kept on file. The saving of time as 
well as expense in executing an order 
is still further increased. Although it 
may sometimes appear difficult to use 
standard sizes of “bevel gears where a 
definite reduction must be made, most 
installations, however, can be made to 
use standard sizes and ratios. For ex- 
ample, in most installations, bevel gears 
form only part of the reduction in 
speed. In fact, it might even be said 
that they are usually the second or 
third reduction, the first frequently be- 
ing made by means of pulleys or spur 
gears, both of which can be readily 
manufactured in any reasonable ratio. 

For example: If a total reduction 
of 12% to 1 must be had involving a 
bevel-gear drive, it will be found ad- 
visable to commence with a standard 
listed pair of bevel gears, say 2% or 
3 to 1 fur the second reduction, and 
make the first reduction by means of 
spur gears or pulleys of the proper 
size to complete the total reduction 
ratio desired. 

It is usually much more economical 
tu use rather small ratios of bevel 
gears, making most of the reduction 
where possible by spur gears. Bevel 
gears are much more expensive than 
spur gears, even if standard listed sizes 
are used. A bevel gear is not only 
more expensive than a spur gear when 
the pitch diameter, face and pitch are 
equal, but also the bevel gear will only 
transmit about three-quarters of the 
horsepower of a corresponding size of 
spur gear. This increases the cost per 
horsepower still more and makes the 
cost of bevel gears approximately twice 
that of spur gears on a cost-per-horse- 


power basis. WARREN G. JONES. 
President and Gen. Mer., 
W. A. Jones Foundry & Mach. 


Co., 
Chicago. III. ; 
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or improved methods. 


Loose Rotor Bars Cause Trouble 
With Electric Grinder 


ECENTLY, a %-hp., 3,600-r.p.m. 

electric grinder which would not 
come up to speed was sent in for re- 
pairs. I checked up both windings and 
the switch, but could not locate the 
trouble. I then tried cutting out the 
starting switch and bringing the start- 
ing leads to the outside of the motor, 
thinking that perhaps the switch 
springs were too weak, but still the 
motor would not come up to speed. 
The rotor appeared to be in good con- 
dition but after resoldering the bars 
the motor came up to speed and has 
worked satisfactorily ever since. In 
this instance, the rotor bars seemed to 
be so sound and tight that resoldering 
was used as a last resort. 
Albany, Ga. B. BELCHER. 


Trailer for Making Welding 
Outfit Portable 


ER industrial man knows how 
much the usefulness of repair 
equipment is increased by making it 
portable. Frequently, this is easily 
done. For example, with oxyacetylene 
welding outfits, most manufacturers 
will provide a special two-wheeled 
warehouse type of truck for transport- 
ing the containers of the oxygen and 
acetylene. However, when it is desir- 
able to extend the field of operation 
some distance, such an outfit is too 
small for convenient yard work. 

In one plant where it was desired 
to use a welding outfit over a consid- 
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With a trailer of this sort, the 
range of the welding outfit is in- 
creased to the distance which a 
truck can take it. Also, there is 
sufficient space for every acces- 
sory needed. 


In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 


erable area, a special all-weather trail- 
er was constructed as shown in the 
accompanying two illustrations, which 
were furnished through the courtesy 
of The Linde Air Products Co., New 
York City. This trailer, in addition, 
carries all the auxiliary tools or acces- 
sories required, including a consider- 
able quantity of welding rods. The 
weight of the containers is so placed 
that the trailer practically stands on 
end in the proper position for welding 
when the tongue of the trailer is re- 
leased. However, it may be easily 
coupled on to a truck for hauling some 
distance, or if the distance be short, 
one or two men can easily move * 
When the doors are closed and the 
trailer is standing on end as shown 
in the illustration at the right, it can 
be left out in almost any weather. 


— — 
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Savings Affected by Dipping and 
Baking Armatures 


T A discussion given before a recent 
meeting of the Association of Iron 
and Steel Electrical Engineers, M. R. 
Armstrong, of the Westinghouse Elec- 
tric and Manufacturing Company, 
made the statement that dipping and 
baking armatures have returned hand- 
some dividends in the form of decreased 
motor maintenance. The following in- 
teresting data were given in corrobora- 
tion of this statement: 

A large electric railway company on 
the Pacific Coast installed an elec- 
trically-heated baking oven. At the 
same time a systematic schedule of 
dipping and baking armatures and field 
coils was inaugurated. Of the 1,800 
motors in use, 70 per cent have been 
in service approximately 25 years. Be- 
fore dipping and baking was inaugu- 
rated, failures were running at the 
rate of about 70 per month. Two years 
later, after the majority of the motors 
had been dipped and baked, failures 
were reduced to about 24 per month. 
This was a reduction in failures of 
approximately 64 per cent. The super- 
intendent of this shop estimated that 
the total cost of dipping and baking, 
including all labor in removing and re- 
placing the armatures, was between $6 
and $7 per motor. He felt this expense 
was amply justified, as the life of the 
armatures was extended at least five 
years and the interruptions of service 
due to armature failures were very 
greatly lessened. 

A large New England company oper- 
ating in several towns adopted system- 
atic dipping and baking. In one shop 
servicing 475 railway motors, the 
monthly failures were reduced from 
150 to 28. In another shop servicing 
400 motors, the failures were reduced 
from 100 to 24. 

Another company has made avail- 
able the following data from records 
kept over a period of 13 years: Early 
in this 13-year period, systematic 
baking of their railway motors was 
inaugurated. Before dipping was start- 
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ed, the average service of a motor per 
failure was two years; after dipping 
and baking they obtained seven years’ 
service per failure. Looking at this 
from a financial point of view and 
using their actual figures on cost and 
failures on the 300 motors involved, the 
figures show that their savings each 
year after paying all expenses of dip- 
ping and baking, amounted to $2,350. 
All of the above examples are from 
railway service, but it is reasonable to 
assume that any method which will 
give such results under the conditions 
of railway service, will be correspond- 
ingly beneficial in industrial work. 


— —— 


Some of the 
Points to Think About When 
Repairing Storage Batteries 


N RENEWING storage batteries of 
stationary types, there are several 
etails that must be given attention to 
prevent accidents which may be expen- 
sive, result in personal injury, or cause 
an interruption of service that may 
involve many dollars loss. 

A careful check-up of the output of 
the battery which is to be renovated or 
repaired should be made before start- 
ing the job. Other questions that come 
up are: Can the battery in use be 
temporarily substituted? If so, are 
charging facilities available for charg- 
ing the substitute battery that is to 
replace the original battery while un- 
dergoing repairs, changes, etc.? Is 
ample space provided for the tem- 
porary installation of the substitute 
battery? Are temporary battery leads 
accessible for use during the renova- 
tion? Can the substitute battery be 
operated by local attendants without 
involving any extraordinary precau- 
tions or complicated arrangements 
should an emergency arise regarding 
the charging and discharging of the 
temporary battery? All of these ques- 
tions and possibly others that are in- 
volved in the changes or the kind of 
work that is to be done to the original 
battery should be given careful con- 
- sideration to accomplish an efficient, 
careful and uneventful job. 

The question of material, tools, facil- 
ities, and labor is usually neglected 
before starting the job and very often 
proves expensive in doing the job, in 
that the employer, contractor, jobber 
and possibly the workman suffer losses 
because preliminary details were not 
given the consideration that was due 
them. This not only applies to a bat- 
tery job but to many other jobs where 
an interruption of service, or a delay 
is costly during repairs or changes. 

The question of material and tools is, 
in my estimation, of the utmost im- 
portance, when efficiency must be con- 
sidered. A list of supplies, material, 
and tools should be made up before 
starting the job. The workman who is 
to do the job should personally see that 
the proper items are shipped, and if a 
lead burning job is to be done and 
oxyacetylene or oxygen and hydrogen 
equipment is to be used for the burn- 
ing, the operator or workman should 
check the equipment to see whether 
high- or low-pressure gas is to be used 
and that the proper burning tools are 


INDUSTRIAL ENGINEER 


shipped. It has happened very often 
that the proper type of gas was not 
shipped to the job and the burning 
tools that were shipped could not be 
used because the connections on the 
tanks were different from those on the 
burning tools. This is due to the fact 
that a careful check of all material and 
tools had not been made. It is a well- 
known fact that high-pressure gas 
will not work successfully with low- 
pressure burning tools, and vice versa. 

The question of other material and 
tools is likewise of importance. There 
is an old saying which is occasionally 
heard and sounds something like this: 
“A good workman or mechanic needs 
but few tools to do a job.” This is true 
to some extent but an addition should 
be made to the saying and I suggest 
this: “Good and many tools and of 
the proper kind help the good work- 
man or mechanic to work efficiently.” 
Of course, mechanics are doing jobs 
without proper tools but compare these 
jobs with those done by the mechanic 
who has the proper tools, and I am 
sure that you will find a remarkable 
difference justifying the extra expense 
of purchasing the proper tools. Material 
in some cases is just as important if 
not more so than tools; inferior or less 
expensive material might show a sav- 
ing on the books or contract, but will 
it prove to be more economical in the 
long run? 

Protective clothing is also essential 
when working with electrolyte. These 
items should consist of rubber boots, 
rubber aprons, rubber gloves, and gog- 
gles of some description that will pro- 
tect the eyes when either burning lead 
or pouring acid. Serious injury to the 
eyes may occur when least expected, 
especially when burning lead, as air 
pockets form and when there is an air 
pockét an explosion may occur,.and in- 
variably the eyes are injured. When 
pouring acid, splashing sometimes oc- 
curs and the eyes are usually injured. 
Protective material usually pays for 
itself in little or no time. 

Parts of old batteries should be sal- 
vaged or sold for junk, which helps to 
lower the cost of repairs made on the 
battery. Sediment should never be 
thrown away or discarded. Junk deal- 
ers are always ready to purchase both 
the old electrolyte and sediment. After 
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completing the job all tools that have 
been used should be washed in a solu- 
tion of bicarbonate of soda, dried and 
oiled. This protects them against cor- 
rosion caused by chemical action. 
Instructions usually accompany new 
plates when shipped from the manufac- 
turer, stating whether they are in a 
charged or uncharged condition or 
otherwise treated. This also applies to 
new separators. Automatic water fillers 
used for replacing evaporation in the 
pilot cell of the battery usually have 
instructions regarding their installa- 
tion. For the initial charge, instruc- 
tions are also furnished regarding the 
number of hours the battery is to be 
charged, how to ascertain when the 
battery is said to be fully charged, etc., 
and unless otherwise specified these in- 
structions should be closely followed. 
Dallas, Tex. F. J. H. KRAUSE. 


How to Make a 
Low Clamp for Refinishing 


Flat Surfaces 


REQUENTLY emergency repairs 

require resurfacing work on the 
shaper, planer or milling machine, 
which necessitates the use of some spe- 
cial form of clamp that will not pro- 
trude above the work. Many devices 
of this type are available to the ma- 
chinist, but the repairman who is called 
upon in emergencies may not have 
them, as they generally consist of spe- 
cial forgings or machined parts. 

The accompanying sketch shows a 
simple but serviceable holder, which 
can be made up of pieces available 
around almost any repair shop. This 
holder consists of a drilled strip, two 
bolts and a block for each of the 
clamps. These parts need not be of 
any particular shape or size and pieces 
on hand may be utilized. 

In the majority of jobs the flanges 
are fitted with tapped holes. In some 
cases it may be possible to drill and tap 
holes. This fixture takes advantage of 
this condition as the work is held by 
screws in these tapped holes, as shown 
in the sketch. This simple clamp will 
save time and labor on any repair work 
to which it can be applied. 
Washington, D. C. G. A. LUERS. 
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A quick set-up for resurfacing 
parts in emergency repairs which 
does not require special forged 
fixtures. The attachments re- 
quired for holding the work, are 
usually available on any planer, 
shaper or milling machine, 
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Some Emergency Alterations to 
Small Commutators 


i l ‘HE following examples of mak- 
ing alterations to small commuta- 
tors to meet emergency conditions are 
actual experiences that have happened 
in the repair shop where I am employed. 
and as I know that they will give satis- 
factory results they may be of interest 
to other readers of INDUSTRIAL ENaI- 
NEER. i 
It must be always remembered, how- 
ever, that in making such changes we 
are getting away from the original 
data and as we have to assume that 
the original design was the best for 
the machine in question, we must real- 
ize that in making any departure from 
the original we are taking a chance 
and the altered machine cannot be 100 
per cent efficient, even if no noticeable 
difference in operation is detected. 
Anyone who has had experience in 
repair shop work knows that there are 
many times when it is either impossible 
to get the necessary parts immedi- 


ately, or if they could be obtained the 


expense would be such that the cus- 
tomer would not understand why a 
small repair job should cost so much. 
Knowing these things, it is common 
practice to make things do or fix them 
in such a way that they will operate to 
the satisfaction of the customer, who 
is usually interested only in the fact 
that the machine runs and gives him 
service. 

We always feel that it is all right to 
make changes and “gyp up the job” if 
we can feel certain that the operation 
of the machine will not be impaired, 
but there is nothing to be gained by 
“just getting away with it” for the 
time being. Rather than have a dis- 
satisfied customer from giving him a 
patched-up job that will not hold up, 
we either make it as good as new or 
advise him of the condition of the ma- 
chine and the expense necessary to do 
the work properly and be guided by his 
answer. Sometimes the customers 
would rather take a chance. In case 
any reader finds it necessary to make 
some of the changes mentioned below, 
they should be as certain as possible 
that the change is feasible. 

Some time ago, we had an armature 
with twelve slots and twelve commuta- 
tor bars; the coils were wound with 
150 turns of No. 29 d.s.c. wire, span 
l-and-6. The commutator had a bar 
that was grounded solid. As it was a 
pressed, barreled commutator we were 
unable to open it and repair it, but as 
we had a thirteen-section commutator 
in stock, we put this on the shaft and 
jumped two bars together with a short 
jumper behind the shoulder. This 
made two bars the same as one and 
gave us the same number of bars as 
we had before, with the exception that 
one bar was wide. At the time we 
tried this, we were afraid that there 
would be sparking at the brushes, but 
when the motor was assembled and run 
the results were entirely satisfactory 
and there was no noticeable difference 
from the action we would have had 
with the proper commutator. 

Another case of making what you 
have on hand answer for the part that 
you cannot get immediately was when 
we had a twelve-slot armature with a 
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twenty-four-section commutator. The 
commutator was in such shape that it 
was impossible to repair it and we 
could not pick up another one like it; 
so we rewound the armature with twice 
the number of turns per coil and half 
the number of coils and put on a 
twelve-section commutator. The origi- 
nal data was twelve slots, two coils 
per slot, seventy-five turns of No. 30 
d.s.c. wire per coil. We rewound the 
armature with twelve coils of 150 turns 
per coil. There was slight sparking 
at the brushes as the result of this 
change, but not more than occurs in 
many motors that are wound accord- 
ing to the original design. 

Another time in putting all new mica 
segments in the commutator of a 1/6- 
hp. armature, a bar was lost. Losing 
one of the bars was pure carelessness 
and the proper thing to do would have 
been to make a new one, but the job 
had been promised for that afternoon; 
80 we cut four more mica segments and 
put them in on the quarter and cut one 
coil out when we connected the leads 
in the commutator. In this case, also, 
there was no noticeable difference in 
the operation of the machine. 

The same expedient could also be 
used in case a bar were so badly 
burned that it was beyond the point 
where it could be turned down to true 
it, or where an open circuit had caused 
bad burning between bars of the com- 
mutator. 

In one instance, a customer had al- 
lowed an armature with an open circuit 
in the winding to run for a long time. 
The result was that a deep groove had 
been burned between bars, eating away 
almost all of the mica and almost half 
of each bar deep down into the com- 
mutator. In this case, there was so 
little of the bar left at the top that we 
filed both bars down to a size where 
together they made up the width of one 
good bar. We then assembled the com- 
mutator and put in a couple more 
mica segments to make up the width 
of the missing bar and cut out the coil 
that had the open circuit in it. 

Trouble with short-circuited commu- 
tator bars caused by carbonized spots 
in the mica segment is very common 
and the best thing to do is to put in a 
new segment. However, when the 
commutator is one of the pressed or 
crimped type that has the barrel and 
end rings riveted or crimped over, it is 
nearly impossible to open it up for re- 
pairs because of the difficulty encoun- 
tered in getting it tight again. A great 
many of the small commutators are of 
this crimped type and whenever they 
come in with shorted bars from car- 
bonized spots, we try to pick out the 
carbonized mica with a sharpened hack- 
saw blade. 

Quite frequently, there are sev- 
eral small bad spots: we clean these 
out and plug the holes with Early’s 
commutator compound. litharge and 
glycerin, or finely powdered mica dust 
and waterglass. If the hole goes deep 
down between the bars and cannot be 
cleared, we plug it, jump the two bars 
together and cut out a coil there. This 
is really better than leaving some of 
the burned mica in and using the com- 
mutator in this condition. because in 
time these shorted bars will cause the 
coil to burn out, while with the bars 
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jumped together and a coil cut out 
there will be no noticeable difference in 
the operation. 


Darby, Pa. GEoRGE WM. HANLON. 


Handy Method of Obtaining 
Proper Brush Spacing 


T OFTEN happens that the man 

who is investigating a reported 
case of trouble, is not equipped with 
tools or instruments to correct it, 
mainly due to his being misinformed 
as to the nature of the trouble or the 
type of apparatus to be worked on. 
Take the case of a d. c. motor or gen- 
erator which is commutating poorly. 
Invariably the proper thing to do first 
is to check the brush spacing if there 
is any possibility of the spacing being 
incorrect. 

The most accurate method of doing 
this spacing, and the method com- 
monly used, is to place a piece of paper 
around the commutator and after 
marking where it laps, remove the 
paper and step it off with dividers or 
measure with a scale or rule a number 
of spaces equal to the number of brush 
studs. 

After the paper has been divided off 
in this way, the writer may add that 
lines should then be drawn across the 
width of the paper at right angles to 
the length to check each brush-holder 
or box and not one holder only on each 
stud, as the insulating washers may be 
warped. In this case steps must be 
taken to make all holders line up 
parallel to the commutator segments. 

When dividers, a rule or square, are 
not available this method of spacing 
can still be used and if a little care is 
taken, an accurate job can be made as 
follows: 

Take any piece of paper about 8 in. 
longer than is required to encircle the 
commutator and after marking it with 
a straight edge, cut off one side paral- 
lel to the length; then fold it back 
about 6 in. on the length, keeping the 
edges even and after creasing, cut the 
6 in. off. A piece will now be had 
with two straight sides at right angles 
to each other and approximately 2 in. 
longer than the circumference of the 
commutator. If a straight-edge is not 
available a piece of newspaper will 
answer the purpose as this will have 
the two edges already cut at right 
angles to each other. 

After placing this strip of paper on 
commutator with the straight side 
against the shoulder or risers, mark 
where it laps over. Then remove this 
strip of paper, fold it in half and 
crease carefully, keeping the edges 
even. A piece of paper will now be 
had which will give proper spacing for 
a 2-pole machine: namely, brushes 180 
deg. apart. For a 4-pole machine or 
90-deg. spacing, fold each 180-deg. 
piece in half and crease. A 60-deg. or 
30-deg. spacing can be made in the 
same manner by folding the paper on 
the third or 120-deg. instead of on the 
half or 180 deg. 

The above method will not only be 
found to be convenient, but it is both 
quick and accurate. 

Repair Foreman, JOHN E. HOLTMAN. 


Westinghouse Elec. & Mfg. Co., 
Denver. Colo. 


Uses of Wallboard 
in Plants 


(Continued from page 237) 


nailed directly to the studding and 
the joints filled with a special fin- 
isher. In some such kilns the joints 
have been covered with wooden 
panel-strips but this is not necessary. 
These kilns are operated at a tem- 
perature of 150 deg. F. to 170 deg. 
F. on a 24 hr. a day schedule with 
a low heat loss. In these kilns the 
wallboard is used on both inside and 
outside for double heat insulation. 
Other than automobile plants also 
make good use of these kilns. For 
example, 11,000 sq. ft. of wallboard 
were used in the dry kiln of the 
Brook Candy Company, Chattanooga, 
Tenn., where it is under a constant 
temperature of 140 deg. F. This 
material is especially appropriate 
here, because it is absolutely non- 
odorous as well as free from crum- 
bling. In some installations Sheet- 
rock has been used in the construc- 
tion of kilns in which a temperature 
up to 200 deg. F. is maintained, with 
35 per cent humidity. This material 
is not recommended for use at a 
higher temperature or humidity. 
Gypsum suffers little from gases 
that occur in many manufacturing 
processes. Any gases or fumes 
which affect the fiber covering or the 
fiber in the wallboard will affect it. 
Under most conditions ordinary 
paint will protect the fiber covering 
on the wallboard from the action of 
gases or fumes. There are special 
protective paints, that are not af- 
fected by acids or fumes. These 


Wallboard was used in the con- 
struction of this storeroom. 


Besides using gypsum wallboard to 
finish the walls and ceiling of this 
storeroom the same material was 
used in the construction of the sides 
of these stock bins. As this is a 
non-combustible material, the fire- 
resisting qualities are especially de- 
sirable in storeroom construction. 
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of three kilns con- 
gypsum wallboard, 
been in service six 


This is one 
structed of 
which have 


years. 


The ceiling and walls of this kiln in 
a truck factory near Buffalo, N. Y., 
are built up of sheets of non-com- 
bustible gypsum and fiber on 2-in. 
by 4-in. studs and cover a floor area 
of 40 ft. by 60 Wallboard is 
nailed directly to the studding with 
cement-coated nails and the joints 
are filled with a special finisher. In 
some cases wooden panel strips are 
used, as on the kiln shown at the 
beginning of this article, but if care 
is exercised in making the joint it is 
hardly noticeable and does not need 
to be covered up. This material can 
be used in kilns operated up to 
200 deg. F. and 35 per cent humidity. 


may be used in cases of necessity. 

Among other uses, which might 
be mentioned are: lining of lofts, fire 
protection for basement and other 
ceilings, as an insulator instead of 
wooden sheathing behind brick or 
masonry veneer or wooden siding, as 
a fire stop in partitions and floors 
and as a sound deadener between 
rough and finished floors. 

In fireproof buildings it is also 
used for the construction, either on 
metal or wooden studs as supports, 
of walls, partitions and ceilings. 
Another common use is in the con- 
struction of fresh air ducts, venti- 
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lating shafts, enclosures for pipe 
lines, and so on. Its dual purpose 
as an insulating material, the fact 
that it does not warp and also the 
large sizes in which it can be ob- 
tained make it adaptable for mount- 
ing charts, maps, blueprints, shop 
bulletin boards, for the backs and 
bottoms of cases and drawers for 
filing blueprints and other light ma- 
terial and for many other applica- 
tions which any ingenious plant man 
can easily find. 


Winding Armatures 


by Machine 


(Continued from page 234) 


potential will be sure to break down 
the insulation of the unimpregnated 
part sooner or later. 

The high dielectric strength of 
enameled wire helps greatly in pre- 
venting breakdowns. Wires which 
have enamel as one of their cover- 
ings are to be preferred, in small 
sizes, for this reason as well as for 
their heat-resisting qualities. 

There are many good varnishes on 
the market, but owing to the fact 
that enamels are themselves applied 
to the wire as a liquid varnish, the 
insulating varnish used should be de- 
signed for use on enameled wire. 
Otherwise the varnish solvent may 
cut the enamel. For the same reason 
do not soak the armature too long in 
the varnish. It should be immersed 


just long enough for the varnish to 
penetrate the coils. 

Do not use spirit or non-baking 
varnishes for impregnating. Shellac 
varnishes come under this head; 
their use for impregnating is prac- 
tically discontinued. 
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Overhauling Elec- 


trical Instruments 
(Continued from page 222) 


the friction compensation has been 
adjusted with the potential circuit 
connected to the service side. (6) In 
the case of induction meters, short- 
circuits in the current coils. Of 
course, we have to deal with only the 
first-named cause, as vibration, im- 
proper connections, short-circuits 
and so on would be eliminated by 
our previous work and by the condi- 
tions under which the meters are 
tested. We overcome any tendency 
to creep by proper adjustment of the 
compensating or shunt coil. 

Testing of induction, or alternat- 
ing-current, meters conforms closely 
to the procedure outlined for direct- 
current meters, except that a high- 
grade indicating wattmeter is used 
to measure the power passed through 
the meter. 

With polyphase meters each phase 
is tested and corrected separately. 
Then the current coils are connected 
in series and the potential coils in 
multiple across the line for a final 
check of the meter. One of the ac- 
companying illustrations, Fig. 4, on 
page 222, shows our test bench. As 
will be noted, there is mounted at 
the back of this bench two testing 
boards from which any desired volt- 
age, frequency or number of phases 
can be obtained for testing any kind 
of indicating or recording instru- 
ment. Several motor-generator sets 
supply power to this board. 

The headpiece at the beginning of 
this article shows a general view of 
a portion of the Meter Department, 
with the test bench in the back- 
ground. l | 

After a meter has been tested and 
properly adjusted the cover is 
fastened in place and the meter 
either returned to the customer or 
sent to stock. 

Overhauling and testing of volt- 
meters, ammeters, power factor 
meters and so on is carried out in 
substantially the same manner as 
outlined for watt-hour meters. These 
instruments likewise come to us ex- 
hibiting all of the different kinds of 
damage that may be caused by abuse 
or carelessness in handling, neglect, 
accidents, and natural wear and 
tear. Thus, the coils may be burned 


out or short-circuited, the instru- 


ment may have been dropped, with 
consequent breakage of pivots or 
jewels or damage to other parts. 
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Again, the torsion springs in volt- 
meters and ammeters seem to become 
brittle with age and eventually 
break, thus putting the instrument 
out of commission. l 

When such instruments are pur- 
chased or sent in for repair they are 
thoroughly cleaned, if necessary, and 
then carefully inspected to determine 
what repairs are needed. New coils 
or new springs are put in, as may be 


259 


required, flattened pivots are ground 


and polished and any other needed 
repairs are made. If the cases arv 
bent or badly scratched they are 
straightened and refinished. The 
instruments are then checked 
against our standards and after any 
necessary adjustments have been 
made they are assembled in their 
cases and either returned to the cus- 
tomer or sent to stock. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Ball Bearings—A booklet entitled, “The 
Super-Strom,” is devoted to a discus- 
sion of the design, material, work- 
manship, load-carrying capacity and 
dimensions of the ‘“Super-Strom” 
ball-bearing designed for heavy duty. 
—Strom Ball Bearing Mfg. Co., 4593 
Palmer St., Chicago, III. 


Insulation Lacquer—A broadside en- 
titled, “Why Dolph’s Is Different.“ 
describes Dolph’s air-drying electric 
lacquer and black baking Chinalak for 
the protection of electric motor wind- 
ings.—John C. Dolph, 168 Emmett 
St., Newark, N. J. 


Portable Electric Hoist—Sullivan Ma- 
chinery Co., 122 S. Michigan Ave., 
Chicago, III. — Bulletin 76-E describes 
and illustrates the Sullivan electric 
portable hoist made in single-drum 
and double-drum types, which is ca- 
pable of lifting a vertical load of 
2,000 lb. at the rate of 107 ft. per 
min. 

Materials-Handling Equipment — Re- 
volvator Company, 336-352 Grand 
Ave., Jersey City, N. J.—Bulletin 71 
describes the Revolvator hand-oper- 
ated lift-truck. Bulletin 75 describes 
the motor-driven, portable elevator. 
Bulletin 72 describes the line of bar- 
rel racks for use in connection with 
a portable elevator. 


Oil Circuit Breakers—General Electric 
Co., Schenectady, N. Y.—Bulletin 
47495.1, of 32 pages, is well illus- 
trated by photographs, tables and 
diagrams and contains other details 
covering the construction, operation, 
price and characteristics of four new 
types of oil circuit breakers for con- 
trolling and protecting circuits of 
large capacity. 

Ratchet Diestock—The Borden Co., 
Warren, Ohio—A folder describes the 
No. 3 Beaver Jr. ratchet diestock 
for threading 1-in. pipe and all small- 

er sizes in corners or other close 
places. 


Stationary Dead-Front Switchboards— 
General Electric Co., Schenectady, 
N. Y.—Bulletin 67111-Class 15, de- 
scribes this equipment with brush 
contact lever switches for 125 and 250 
volts alternating or direct current and 
500 volts alternating current from 
30 to 600 amp. 


Automatic Remote Control Starter— 
Bulletin 219 describes and shows dia- 
grams of the construction and opera- 
tion of a new automatic remote con- 
trol starter for alternating current, 
squirrel-cage motors. These are 
made in two- and three-phase designs 
for 25, 40, 50 and 60 cycle at 220, 
440 and 550 volts.—Crocker-Wheeler 
Co., Ampere, N. J. 


Industrial Roller Bearings—American 
Roller Bearing Co., Pittsburgh, Pa. 
—Catalog 1006 carries a number of 
installation sketches, load capacity 
tables and photographs of roller- 
bearing- equipped machinery in a wide 
line of industries. These are essen- 
tially industrial bearings and are 
made in standard and heavy-duty 
types. Applications vary from heavy- 
duty presses to open-hearth charging 
cars, 


Theft-Proof Lamp Sockets—A folder 
describes the construction and 
method of applying the Ren-lock to 
brass, porcelain or weather-proof 
sockets. With this lock it is impos- 
sible to remove the lamp without 
breaking the bulb, for which a spe- 
cial bag is provided.—Ren Manufac- 
turing Co., 550 Main St., Winchester, 
Mass. 


Portable Spray Painting Equipment— 
The DeVilbiss Mfg. Co., Toledo, Ohio 
—A circular describes the DeVilbiss 
portable spray painting system for 
spray painting houses, factories, 
building interiors and exteriors, rail- 
way equipment, bridges, shins and all 
kinds of large or stationary work. 
This includes a description of the 
various types of outfits and other 
equipment, together with their oper- 
ation. 


Switch Houses—Condit Electrical Mfg. 
Co., South Boston, Mass.—Bulletin 
458 describes switch houses for in- 
door and outdoor service to afford 
protection for switching equipment 
where the power used does not jus- 
tify the erection of a more expensive 
substation. 


Portable Woodworking Machines—J. D. 
Wallace & Co., 134 South California 
Ave., Chicago, Ill.—A broadside con- 
sists of a number of illustrations 
showing some of the wide applica— 
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tions of Wallace portable machines 
in woodworking p ants. These ma- 

' chines consist of portable 5 
planers, lathes, band saws, plain and 
universal saws, solder and glue pots. 
These machines are taken to the job 
or given to individual workmen to 
use oe their bench or for maintenance 
work. 


Interlock on Switches—Chas. Cory & 
Sons, Inc., 183-7 Varick St., New 
York City—Bulletin 105-29-B is on 
the new Cory-Robinson Interlock, 
which is designed to prevent acci- 
dental opening of disconnecting 
switches while under load by station 
personnel and to prevent damage 
from the same cause through mali- 
cious tampering. 


Electrically Driven Tools—James Clark, 
Jr., Eleétric Co., Louisville, Ky.— 
Catalog 29 describes the Clark line 
of electrically-driven portable drills 
and their various attachments, cen- 
ter grinders for lathe heads, tool- 
maker’s grinders, hand, bench and 
pedestal grinders and buffers, as well 
as other tools. 


Electric Fans—Wagner Electric Corp., 
St. Louis, Mo.—Bulletin 143 entitled, 
“Wagner Fans,” describes the vari- 
ous types of oscillating and non-os- 
cillating desk, wall and ceiling fans 
for alternating and direct current, 
manufactured by this company. 

Portable Electric Tools and Shop Equip- 
ment—The Black & Decker Mfg. Co., 
Towson, Md.—Catalog 8, under the 
above title, is a complete catalog, 
illustrated, of the portable electric 
drills, grinders, valve grinders, screw- 
drivers, socket wrenches, post and 
bench drill stands, and electric bench 
and pedestal grinders manufactured 
by this company. 

Circuit Breakers—Roller-Smith Co., 229 
Broadway, New York City—Bulletin 
580 describes in 24 pages the tech- 
nical details of the construction and 
operation and lists the various stand- 
ard types of this equipment for use 
on direct and alternating current cir- 
cuits of 6,600 volts. 


Permeater and Core Loss Apparatus— 
Leeds and Ra Co., 4901 Sten- 
ton Ave., Philadelphia, Pa.—Bulletin 
533 describes the “Burrows Perme- 
ater” for testing bar samples of steel 
for normal induction, residual induc- 
tion and coercive force data, and also 
the “Epstein Core Loss Apparatus” 
which is used to test electric sheet 
steel for determining probable core 
loss through hysteresis and eddy cur- 
rents. 


Hand Elevating-Platform Truck— 
Sturdi-Truck Mfg. Co., Inc., 511 
Orange St., Wilmington, Del. —A 
folder describes the Sturdi-Truck ma- 
terial handling service. Circulars 
show the construction and operation 
of this hand-lift truck, which has a 
step-by-step lift of 3 or 5 in., accord- 
ing to the model. 


Steel Belt Fasteners—The Bristol Co., 
Waterbury, Conn.—A folder illus- 
trates the application of the Bristol 
steel belt lacing and belt fastener for 

making belt repairs in industrial 
plants. This lacing is of the stag- 
gered staple type, and is applied with 
a hammer. 


Pressure Type Water Filters—Graver 
Corp., East Chicago, Ind.—Bulletin 
501, with the above title, describes 
filtration methods and shows the con- 
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struction of the Graver filters which 
are furnished with a perforated 
strainer plate, instead of a pipe 
manifold and strainer head for the 
collection of filtered water. 


Pressed-Steel Truck Platforms—The 
Youngstown Pressed Steel Co., War- 
ren, Ohio—An 8-page catalog de- 
scribes and illustrates the Youngs- 
town corrugated, pressed-steel plat- 
form for hand- and power-elevating 
trucks, as well as the solid and sec- 
tional boxes, stake platforms and 
other equipment which are made to 
be used in connection with the plat- 
forms. Pressed-steel tote pans and 
compound boxes are also described. 


Electric Equipment for Cranes—Gen- 
eral Electric Co., Schenectady, N. Y. 
—Bulletin 48732 entitled, “Electric 
Equipment for Cranes,” is an attrac- 
tive 35-page bulletin well illustrated 
with photographs, diagrams, tables 
and charts. This bulletin has par- 
ticular reference to crane motors and 
control, brakes, limit switches and 
other crane protective and operative 
features. 


Direct Fired Unit Heater—American 
Blower Co., Detroit, Mich.—A folder 
describes the American Blower di- 
rect-fired unit heater for use in in- 
dustrial plants. 


Hammers With Renewable Head—The 
Bilton Machine Tool Co., Bridgeport, 
Conn.—A folder describes the New- 
Tip hammer which consists of a head 
in which new tips may be inserted by 
simply removing a screw and retight- 
ening it. Tips are supplied in lead, 
copper, fiber, or rubber in five sizes, 
weighing from % Ib. to 6 lb. 


Electric Fans—The Robbins & Myers 
Co., Springfield, Ohio—Catalog 1243 
describes the R & M electric fans for 
alternating or direct current circuits 
in oscillating, non-oscillating, ceiling 
and ventilating fan types. 

Materials-Handling Equipment — Bar- 
rett-Cravens Co., 1328 West Monroe 
St., Chicago, III. -A group of small 
bulletins describes the various types 
of hand-lift trucks and other mate- 

rials-handling equipment manufac- 
tured by this company. 


Adjustable Lamp Supports Columbia 
Electric Co., 1109 Pine St., St. Louis, 
Mo.—A circular describes the univer- 
sal bracket which is designed to give 
an extensionable and adjustable arm 
for lamps and reflectors. These 
brackets are designed to fit a variety 
of machines in industrial plants. 


Material-Handling Equipment for 
Foundries—Shepard Electric Crane 
& Hoist Co., Montour Falls, N. Y.— 
Bulletin 61 describes the Shepard 
Electric Cupola Charger, and other 
electric hoisting and load moving 
equipment for foundries. The cupola 
charger is made in three sizes of 
4,000, 6,000 and 10,000 Ib. capacity in 
either the floor-operated or cage- 
operated types. 


Automatic Time Switches—Albert and 
J. M. Anderson Mfg. Co., 289-305 A 
St., Boston, Mass.—Bulletin 37 de- 
scribes the Anderson equipment for 
controlling electric circuits in which 
the element of time enters as the 
important factor such as on electric 
signs, automatic substations, time 
switches for two-meter service, 
switches for turning on and off night 
lights, battery charging, motor con- 
trol and other purposes. 
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Ball-Bearing Motors, Buffers and 
Grinders—U. S. Electrical Mfg. Co., 
200 E. Slauson Ave., Los Angeles, 
Calif—A folder describes the U. 8. 
electric grinders, buffers and polish- 
ers, as well as horizontal and vertical 

motors, all of which are provided 
with ball bearings. 


Single Conductor Potheads—Price list 
50 covers the complete line of single- 
conductor potheads with cap nut 
terminals mounted directly on the 
porcelain tube—G. & W. Electric 
Specialty Co., Inc., 7440-52 S. Chi- 
cago Ave., Chicago, III. 

Electric Fans—Century Electric Co., 
1827 Pine St., St. Louis, Mo.—Bul- 
letin 37 describes the Century alter- 
nating and direct current, oscillating 
and non-oscillating portable and ceil- 
ing fans. 


Details of a Fuse 


Color Scheme 
(Continued from page 229) 


yellow, paint two red rings around 
them, and put sufficient fuse links 
in parallel to give us 150-amp. rat- 
ing. The yellow case would indicate 
a 45-amp. fuse; one red ring around 
it would indicate a 100-amp. fuse, 
and the two rings would bring it up 
to 150 amp. Thus it can be seen 
that the red rings indicate varia- 
tions in size above the rating for 
that color, just as the red stripes 
indicate variations in size below the 
rating for that color, as given in the 
accompanying table. 

The practice of overloading a fuse 
cartridge is not to be recommended, 
however, and should be done only in 
case of an emergency, for temporary 
use. 

Sometimes, also, it is desirable to 
put in solid fuses, as in the case of 
the neutral of a 220-110-volt lighting 
circuit and in this case we paint the 
whole cartridge red. 

In case a maintenance man goes 
out on a call with fuses of the wrong 
rating, but the right size cartridges, 
he wraps a piece of tape around each 
cartridge to indicate emergency use, 
and replaces them with the proper 
fuses as soon as possible. 

I installed this system in the plant 
of the Peerless Motor Car Co. at 
Cleveland, Ohio, and am at present 


installing the system in the entire 


plant of the Willard Storage Battery 
Company. 

In both plants, the system is prov- 
ing that our diagnosis of our trou- 
bles and the remedy decided upon 
‘were correct, and very satisfactory 
results are being obtained from the 
use of this method of marking and 
handling fuses. 
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Monitor Edgewound 
Resistor assembled 


OINTS are weak points in the 
ordinary resistor. Poor joints 


mean excessive resistance, undue 


heating and possible burnouts. 


Cast-iron grid resistors have 


about fifty joints in series in each 
section. 

There are no series joints in 
Monitor Edgewound Resistors 
except where one unit is joined 
to the next. Taps and terminals 
are made with powerful clamps 
which contact completely with 
the ribbon. 

This is only one of the many 
superior features of Monitor 
Edgewound Resistors fully de- 
scribed in Bulletin 107. 


Monitor 
ControllerCompany 
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ALLIS-CHALMERS 


Type “AR” Motors have 
an All Steel Frame 


Unusual rigidity is imparted to the new type “AR” 
Induction Motor, due to its all-steel frame construc- 
tion. The stator end frames and feet are integral 
and are made from electric steel castings. They do 
not break. The use of cast steel for many parts ordi- 
narily made of cast iron distinguishes the “AR?” 
motor from the usual run of contemporary types. 


Built in capacities ranging from 34 to 200 Horse Power 


Send for Bulletin 
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Just a Word 
on the Side 


About My New 
Boss and Your Job 
and Mine 


ELLOWS, I want to let you in 

on a little secret before official 
word may come to you from some 
other source. I’ve got a new boss 
whom I have worked with so long 
that he is new only in an official 
sense. It’s G. A. Van Brunt, who 
has been Managing Editor of 
INDUSTRIAL ENGINEER and has 
worked hand-in-glove with my 
old boss since the paper was start- 
ed. Van does not know that I am 
writing this and so I can speak 
freely and sneak this page into 
this issue while he’s not looking. 
He’s such a modest cuss and such 
a fine fellow and knows his stuff 
so well that I want you to get 
to know him just as well as I do. 
He has worked with my old boss 
long enough to get the benefit of 
his 15 years of experience in edit- 
ing engineering publications and 
with that as a background, we are 
going to continue to give you just 
the best paper we know how to 
make with your co-operation. As 
my old boss has often said, IN- 
DUSTRIAL ENGINEER is your paper 
and you can make it fit your own 
needs if you will continue to give 
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us from time to time the benefit 
of your suggestions for articles 
that you would like to have us 
publish, and offer comments on 
changes or improvements that 
will help you in your work.” 

As to my old boss, D. H. Bray- 
mer, he has not left us completely 
but has simply transferred him- 
self to a related line of work. We 
will still have his affection and a 
part of his time in an advisory 
capacity, and I feel sure that 
from now on you will see his 
name in the paper frequently in 
connection with discussions that 


he knows best how to write on 
the new work he will do. In 
brief, as I understand his plans, 
he will organize an engineering 
staff of specialists who will de- 
vote their time to the installation 
of power applications in indus- 
trial plants, buildings and power 
plants in the states of Iowa, Ne- 
braska and the cities of St. Joseph 
and Kansas City. His office and 
headquarters will be in Omaha, 
Neb., and if you want to write 
him from now on simply address 
your letters to 727 Woodmen of 
the World Building, Omaha, Neb. 

He takes with him our best 
wishes and I am sure he will have 
yours, too. On his part, he has 
authorized me to say that the 
time he has spent in working with 
you on your problems has created 
an affectionate regard for you as 
men and as doers of things worth 
while. I know that his feeling 
in this connection is genuine, for 
I have frequently heard him say 
that INDUSTRIAL ENGINEER read- 
ers have just the kind of brains 
and hands with which he likes to 
work. A better tribute none of 
us who are practical men could 
ask from another who has been 
one of us in spirit and action for 
a period of 15 years. 


Kaire CAT 
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How Power Factor 
Was Improved by 


INDUSTRIAL ENGINEER 


ro 


rs . 


P 5 f * 
P g gie 
4 


Wa Í 
U 
J 


Using Rotary Converter as 


Synchronous 


Condenser 


Or as a Rotary Operating at Low Power Factor and 
Carrying a Small Load, Together With Graphs 
Showing the Amount of Corrective Current That 
May Be Obtained by Either Method 


By ROBERT W. DRAKE 
Electrical Engineer, McCormick Works, 
International Harvester Company, 
Chicago, III. 

OMETIMES rotary converters 
S must be operated for consider- 

able periods at loads far below 
rating. In industrial plants these 
light-load conditions are frequently 
coincident with correspondingly light 
loads on the other electrical power 
equipment. If there is much induc- 
tion motor load, such a light-load 
condition means a low average power 
factor of the total load. Under such 
conditions any corrective leading 
current which may be furnished by 


the under-loaded rotary or rotaries 
will be very welcome. 

I was lately confronted with the 
following problem: For a special 
purpose of great importance in an 
industrial plant, a rotary converter 
had been installed. To assure the 
necessary reliability of service, a 
second converter had been installed 
for use in case of breakdown. Of 
course, this second machine was very 
seldom required. Under certain cir- 
cumstances, the load on the converter 
in service was very light for days 
at a time. Leading current for 
power factor correction of induction 
motor load would be most useful. 
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Fig. 1—The rotary converter 
shown at the left is a spare and 
is normally operated only in case 
the other one fails. 


By floating it on the line as a syn- 
chronous condenser with over-ex- 
cited shunt fleld, as is described in 
this article, a surprising amount of 
power factor correction was ob- 
tained. During periods of very light 
load, considerable corrective leading 
current was obtained from the other 
rotary. The machines are rated at 
200 kw. and run at 1,200 r.p.m. 


Just how much leading current could 
safely be taken from the lightly- 
loaded converter? Could the spare 
converter, operated as an over-ex- 
cited synchronous motor without di- 
rect-current load, deliver a leading 
corrective current in worth-while 
quantity, without abnormal heating 
of the tap coils? If so, how much? 
It is a well-known fact, that the 
heating of the individual coils in a 
rotary converter armature is un- 
equal. The tap coils operate under 
the most unfavorable conditions and 
run the hottest. The relative heat- 
ing of all coils varies with the power 
factor at which the converter is 
operated. Under all power factor 
conditions, however, the tap coils 
are hotter than any others and with 
the same kilowatt load on the con- 
verter the lower the power factor, 
the hotter are the tap coils. 
Various discussions of this mat- 
ter have been published from time 
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to time. One of the clearest and 
most useful of these discussions was 
contributed by Nicholas Stahl to 
the Electric Journal in 1912. Mr. 
Stahl published a set of curves sim- 
ilar to those in Fig. 2. These curves 
show that the kilowatt load which 
can be carried on a given rotary 
converter decreases very rapidly in- 
deed with comparatively small de- 
partures from unity power factor. 
When a converter must carry con- 
tinuous kilowatt loads approaching 
continuous rating, or short-time kilo- 
watt loads approaching the corre- 
sponding short-time rating, it is evi- 
dent that there is no safe alternative 
but to operate quite close to unity 
power factor. 

Unfortunately the performance of 
rotary converters with very light 
load under very low leading power 
factor conditions was not included in 
Mr. Stahl’s article nor in any pub- 
lished discussion of the subject that 
was available at the time. Since 
the work on which this article is 
based was completed, an article on 
this subject has been published by 
C. W. Bates in Electrical World. 

Inasmuch as I was unable to find 
the answers to the questions raised 
in preceding paragraphs of this ar- 
ticle, I decided to investigate the 
subject myself. The first step was 
to compute the curves shown in Fig. 
3. These curves are similar to the 
curves shown in Fig. 2 except that 
they are carried to lower power fac- 
tors. The agreement between my 
curves and the previous curves is 
very close at high power factors. 
The discrepancy of about 5 per cent 
at lower power factors is probably 
due to the fact that Mr. Stahl’s 
curves are based on a converter hav- 
ing three or four armature coils per 
pair of poles, while my curves are 
based on a rotary having very many 
coils per pair of poles. This as- 
sumption was made because it great- 
ly simplified the computations with- 
out introducing any considerable er- 
ror. The discrepancy is small and 
my curves err on the side of safety. 


EFFE@r oF LEADING POWER FACTOR 
CURRENT AT LIGHT LOADS 


At first glance, Fig. 3 would seem 
to indicate that it is unsafe to oper- 
ate even a lightly-loaded rotary at 
any appreciable load. Second 
thought suggests, however, that the 
small kilowatt loads allowable at low 
power factors represent considerable 
a.c. ampere loads. That is, even at 
very low power factors a fairly heavy 
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wattless corrective current is allow- 
able without causing tap coil heat- 
ing above normal. It is evident that 
under the conditions outlined above, 


THAT A ROTARY converter 

should be operated at very close 
to unity power factor is certainly 
true at full load. Mr. Drake, 
shows, however, that at light load 
a comparatively large amount of 
leading wattless corrective current 
can be taken from standard ro- 
taries without exceeding their nor- 
mal temperature rating. In this 
article he presents curves which 
show just what percentage of rated 
kilowatts and what percentage of | 
rated alternating-current ampcres 
any two, three, or six-phase rotary 
converter will carry at any power 
factor from unity to zero without 
exceeding normal continuous heat- 
ing guarantecs as to tap coil or ar- 
mature heating. This factor varies 
to only a very slight extent with 
design and these curves are univer- 
sal in application. 

Where a duplicate or spare ro- 
tary is installed to assure conti- 
nuity of operation, it is very seldom 
operated. In systems where watt- | 

less corrective current is desired to 
improve the power factor, such a 
machine may often be operated to 
excellent advantage as a synchro- 
mous condenser and may, without 
exceeding normal heating, be oper- 
ated at an astonishingly high per- 
centage of rated alternating-current 
ampere capacity. In this article 
Mr. Drake gives the details of 
operating a rotary in this manner. 


the point of controlling interest is 
the a.c. ampere load that can be 
carried, and not the kilowatt load. To 
bring out clearly the possibilities in 
this respect, the curves shown in Fig. 
4 were plotted. These bring the mat- 
ter out in its true light. Evidently 
a rotary will carry safely a surpris- 
ingly large wattless corrective cur- 
rent if the kilowatt load is low at all 
times. 

When it is possible to operate a 
spare rotary for power factor correc- 
tion purposes alone, without taking 
any direct-current load out of it at 
all, the machine is really a synchro- 
nous motor, not a rotary. The heat- 
ing of the armature coils is no longer 
unequal, for the inequality of heat- 
ing is a result of the “mixture” of 
alternating current and direct cur- 
rent in the winding of the rotary. 
With no direct-current load there is 
no direct current to “mix.” 

Under these circumstances the tap 
coils are no hotter than any others, 
and conditions would appear to be 
much more favorable for a heavy 
leading corrective current. A thorn 
lies in the following fact: 
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Under ordinary operating condi- 
tions the heating of rotary converter 
armature coils is so unequal that the 
controlling feature in design is not 
the average heating, but the heating 
of the hottest coils, the tap coils. 
With very light loads at low power 
factors, this inequality of heating 
becomes less and less. The relative 
heating of the tap coils decreases but 
the heating of the coils between taps 
becomes relatively greater. Finally 
we reach a point where the tap coil 
heating is no longer the controlling 
feature; the average heating of the 
whole armature is the controlling 
feature. This average heating is 
represented by the left-hand dotted 
part of the curves in Fig. 4. These 
curves enable an operating engineer 
to set a limit to the alternating-cur- 
rent amperes which can safely be 
allowed on any converter at low 
power factors, as limited by arma- 
ture heating. 


SHUNT FIELDS MAY LIMIT POWER 
FACTOR CORRECTION OBTAINABLE 


There is another factor which 
must be considered, however, and 
that is the field strength and field 
heating. The design of the field 
windings of rotary converters varies 
through so wide a range that it is 
unsafe to attempt any general state- 
ment as to what is possible. 


Most rotary converters of standard 
design have field windings designed 
to allow compounding of the convert- 
ers by means of reactance on the 
alternating-current side. In some 
cases the transformers serving the 
converters are designed with high 
inherent reactance; in other cases, 
additional external reactance is nec- 
essary. Converters can be designed 
for any given amount of compound- 
ing by the use of a comparatively 
low value of reactance and a strong 
series field or by means of a high 
value of reactance and moderate 
series field. Both methods have been 
used. The shunt field design will 
vary with the relative strength of 
the series field. The series field will 
run cool enough on any converter 
operated within the allowable range 
of load for low power factor, but it 
is necessary to check up on the shunt 
field. 

Probably the simplest method of 
doing this is to put one or more ther- 
mometers on those portions of the 
shunt field coils which are likely to 
be hottest—generally the surface 
about the center of the narrow space 
between coils. Use putty to obtain 
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good contact between thermometer 
bulb and coil, and cover the bulb well 
with putty. Then turn the shunt 
field rheostat until the resistance is 
all cut out, or until the alternating 
current delivered to the slip rings 
of the rotary reaches the maximum 
permissible value according to the 
curves shown in Fig. 4. It is gen- 
erally the case with modern six-ring 
converters, operated at low power 
factor, that with all the shunt field 
rheostat cut out the slip ring current 
does not reach the allowable values 
according to the curves in Fig. 4. 
With the field rheostat adjusted to 
give the highest permissible current 
as per Fig. 4, or as near to this value 
as obtainable, continue operation of 
the rotary until the field surface tem- 
perature as indicated by the ther- 
mometers reaches 50 deg. C. hotter 
than the room temperature. Then 
cut in a little resistance in the field 
rheostat, and watch the thermom- 
eters. By trial determine the high- 
est field rheostat setting which can 
be used without exceeding the 50 
deg. C. rise on the field, and without 
exceeding the alternating-current 
amperes shown in Fig. 4. Mark the 
corresponding position on the rheo- 
stat, or better, block the rheostat 
. sweep arm so that it cannot pass this 
point. 

In the case of the rotaries which 
I used, shown in Fig. 1, the maxi- 
mum power factor correction was 
limited by the heating of the field 
coils rather than by the average 
heating of the armature. In other 
words, a leading power factor alter- 
nating current of a value equal to 


Fig. 2—The kilowatt load that can 
be carried by a rotary decreases 
rapidly with small departures from 
unity power factor. 

For instance, a six-phase rotary 


converter operating at 90 per cent 
power factor can produce only 63 
per cent of its rated kilowatt output 
without overheating the tap coils. 
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Fig. 3—Kilowatt output of rotary 
converters at low power factors. 


These curves are similar to those in 
Fig. 2 except that they have been 
extended to include power factors 
down to zero. In the dotted portion 
of the curves the average heating 
of the armature, instead of the tap 
coll heating, governs the output. As 
can be seen very little kilowatt load 
can be carried by the rotary at low 
power factors. 


that given by the curves in Fig. 4 


could not be carried because the 
shunt fields of the machine overheat- 
ed. It was therefore necessary to 
carry a little less current and obtain 
slightly less power factor correction. 

If a worth-while corrective cur- 
rent, not much below the maximum 
safe value, is attainable, it will gen- 


erally be advisable to make the best 


of it. If the difference is great, it 
is possible to remedy matters by 
shimming the poles, thereby reduc- 
ing the air gap. This will change 
the compounding characteristics of 
the machine and is advisable only 
in case the man proposing to make 
the change has had considerable ex- 
perience in such matters and is cer- 
tain that the amount of shimming 
proposed will not render the machine 
less suitable for normal operation 
under the conditions of his particu- 
lar application. 

All of the preceding curves and 
discussions have been based on ar- 
mature heating not higher than nor- 
mal guarantees for continuous oper- 
ation. Most modern rotary convert- 
ers are designed and sold for safe 
operation (usually 55 deg. C rise) 
with two hours’ operation at 150 per 
cent load. With corresponding oper- 
ating temperature such machines 
will carry correspondingly heavier 
low power factor loads for two hours 
only, provided they are designed with 
heavy enough shunt fields. That is, 
machines with 2-hr., 150 per cent 
load guarantees will carry for 2 hr. 
only, half again the kilowatts and 
alternating-current ampere loads 


did not appear. 
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given in Figs. 3 and 4, so far as 
armature heating is concerned. Or- 
dinarily such short-time operation at 
very low power factor is not called 
for, but in some emergency it may 
be helpful. For example, in case of 
a breakdown of one generator in an 
industrial power house, all the lead- 
ing corrective current available may 
be desired for reducing the ampere 
load on the remaining generators 
during the lighting peak. 


How COMMUTATION TROUBLE WAS 
ELIMINATED 


There is one other point which, 
although of controlling importance 
in comparatively few cases, deserves 
mention. The commutation of a ro- 
tary converter is decidedly poorer at 
low power factors. Full-load com- 
mutation at low power factors is 
often prohibitively bad, aside from 
all conditions of heating. However, 
with the conditions of operation out- 
lined above, the amount of direct 
current to be commutated at low 
power factor is comparatively small. 
The machines which I used are mod- 
ern, 60-cycle, compound-wound, six- 
phase rotaries with commutating 
poles. This commutation difficulty 
Whether it would 
be a controlling feature with large 
machines without commutating poles 
I do not know. 

In the case where a spare rotary 
is operated at zero power factor 

(Please turn to page 305) 


Fig. 4—Alternating-current ampere 
load of rotary converter at low 
power factors. 


Although the kilowatt load that can 
be carried by a rotary when oper- 
ated at low power factor is small. 
the alternating-current ampere load 
is not. For instance, a six-phase 
rotary will carry 54 per cent of its 
rated a. e. amperes at zero power 
factor and somewhat more at higher 
power factors. It was the relations 
shown in these curves that sug- 
gested that lightly-loaded rotaries 
could be used for power factor cor- 
rection. 
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Tests Which Show 


How Service Conditions 


Affect Belt Capacity 


Fig. 1—This is the equipment used 
at Cornell University for testing 
belting under various conditions. 


It is designed so that the driving 
power required and the power de- 
ivered, as well as the revolutions 
per minute of both driver and 
driven pulleys, can be carefully 
measured. 


man in laying out belting installa- 
tions under the miscellaneous serv- 
ice conditions found in practice. 


Together With Tables and Charts That Will Enable 
Operating Men to Determine How Much Power a 
Belt Will Transmit, and Make Allowances Neces- 
sary in Laying Out a Drive 


In some recent experiments car- 
ried on at Cornell University, Ithaca, 
N. Y., under the auspices of The 
Leather Belting Exchange Founda- 
tion, the principal objective was to 


By R. F. JONES 


Research Engineer, The Leather Belting 
Exchange Foundation, Cornell Uni- 
versity, Ithaca, N. Y. 


OST investigations made on 
U | the characteristics of belts 

in operation have taken 
into consideration only one set of 
factors or conditions affecting the 
power transmitted. However, belts 
in service seldom operate under such 
standard conditions as are deter- 
mined by the tests. Also, most of 
these reports have been directed 
more toward the trained belting 
engineer than to the practical shop 


Note: Curves, tables and other informa- 
tion in this article are taken from a 
report made by The Leather Belting 
Exchan Foundation and copyrighted 
by The ather Belting Exchange, Phil- 
adelphia, Pa. 


OPERATING MEN have long de- 
sired easily usable information that 
would enable them to lay out belt 
drives and make the proper allow- 
ances for the conditions which af- 
fect the power-transmitting capac- 
ity. As a part of the experimental 
work that has been carried on by 
The Leather Belting Exchange 
Foundation, at Cornell University, 
careful tests were made on hori- 
zontal belt drives to determine the 
effect of diameter and ratio of pul- 
leys, center distance, high belt 
speed and the use of the gravity 
idler. The results of these tests are 
given here in the form of curves and 
tables that give the power which 
various weights of belt are able to 
transmit at different speeds, and the 
correction factors which indicate 
necessary allowances to be made for 
types of drive mentioned above. 


test belts under several standard 
conditions and, if possible, deter- 
mine the laws under which they op- 
erated through the changes of con- 
ditions. This information was 
charted and a series of constants de- 
termined which are to be used as 
correction factors in the determina- 
tion of the proper size of belt to use 
under different operating conditions. 
These tables and charts will be given 
and their use described later in this 
article. 

Belt drives ordinarily fall into the 
two general classifications of hori- 
zontal or inclined belt drives, ac- 
cording to whether a line through 
the centers of the two pulleys is hor- 
izontal or inclined. In this deter- 
mination, the study was made with 
horizontal drives only, under condi- 
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tions approximately identical to 
those found in industry where line- 
shafts or countershafts are con- 
nected by belt, or where a motor is 
located at the side of the shaft or 
machine it drives. 

To determine the factors affecting 
the power-transmitting capacity, 


belts were operated under the fol- - 


lowing conditions: Varying the arc 
of contact with the pulley diameters 
constant; increasing and decreasing 
the distance between pulley centers; 
operation with large and small pul- 
ley diameters; studying the effect 
upon the belt capacity when using a 
large pulley to drive a small pulley 
‘and vice versa, such as is commonly 
used on belted motor drives; opera- 
tion at belt speeds up to 8,000 ft. 


per min.; a study of the gravity ` 


idler such as the Lenix, Pulmax or 
Belt-Slacker drives. 

The first tests were made to de- 
termine the effect of the are of con- 
tact or angle of belt wrap, which is 
considered as the angle measured in 
degrees from the point where the 
belt comes on the pulley to the point 
where it leaves. 

If the driver and driven pulleys 
are the same sizesthe arc of contact 
on each pulley will be approximately 
180 deg., or one-half the circumfer- 
ence. Should one pulley be larger 
than the other, the smaller one will 
have a wrap less than one-half the 
circumference, and the larger one 
will have greater wrap than this. 
Theoretically the arc of contact has 
an important bearing on the trans- 
mission capacity of belting; so the 
first step was to set up apparatus to 
control the arc of contact while 
measuring the horsepower trans- 
mitted by the belt, Fig. 1 shows 
how the testing apparatus was 
adapted to this experiment. The 
idler midway between the pulleys 
may be moved vertically, so as to 
hold either side of the belt up or 
down, to give an arc of contact 
ranging from 140 to 210 deg. 

Numerous tests showed that the 
arc of contact did materially affect 
a belt’s capacity. However, later 
tests on small and large pulleys ap- 
proached ordinary operating condi- 
tions more closely and gave more 
practical data on this subject; so 
none of the arc of contact material 
will be included. These tests served 
to give a clearer understanding of 
the practical problems involved, and 
were of material help in later work 
on the effect of pulley size and pul- 
ley ratio. 


Horsepower transmitted 
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This work proved that the effect 
on the horsepower of the arc of con- 
tact change was dependent more or 
less upon the character of the belt 
surface. Another important fact 
discovered was that the arc of con- 
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Fig. 2—The inability of short- 
center drives to carry heavy loads 
is well shown by these charts. 


These tests show that a short- 
center drive operating under severe 
conditions can carry only about one- 
half the load of a long- center drive 
of the same pulley ratios. This is 
indicated by the curve showing the 
operation of a belt on a 6-ft. center 


distance, compared to the operation 
at 20- and 25-ft. center distances 
under a high percentage of slip. 
How the effect of short center dis- 
tance is overcome is explained in 
the text, and the allowance which 
must be made for it is given in the 
tables. 


tact, as computed for a drive by or- 
dinary geometrical methods, does not 
check that obtained on the running 
drive. The difference between the 
actual angle of wrap and the com- 
puted angle depends on the belt 
speed, thickness, tension, pulley size, 
center distance, whether the tight 
side is above or below and whether 
the drive is horizontal or vertical. 
An easier way of taking care of the 
factors introduced by the use of pul- 
leys of different sizes, which is based 
entirely upon experimental results, 
is given later in this article. 
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EFFECT OF CENTER DISTANCE ON 
TRANSMISSION CAPACITY 


Center distance has an appreciable 
effect on the transmission capacity 
of a belt on a horizontal or inclined 
drive, because of the weight of belt 
material suspended from pulley to 
pulley. A long center distance drive 
when operating under load will have 
more tension on its slack side than 
will a short-center drive. Other 
things being equal, the tension on 
the slack side of a belt under load is 
a measure of its capacity and, there- 
fore, a long-center drive inherently 
has more capacity than a short one. 
Experiments were made to deter- 
mine how much power a belt would 
transmit at center distances ranging 
from 5 to 25 ft. The first test was 
made with the belt at 25-ft. centers, 
with the tight side below. The belt 
was then cut to accommodate tests 
at 20-, 15-, 10- and 5-ft. centers; so 
all comparative tests were made on 
the same surface. 

The results obtained are given in 
Fig. 2 which shows the horsepower 
of a high-capacity belt charted 
against the percentage of slip for 
the five center distances marked on 
the curve. At high rates of slip, 
2.75 per cent, there is a large de- 
crease in capacity with a decrease in 
center distance, especially below 15 
ft.; at lower slips, from 1 to 114 per 
cent, the effect of shortening the 
center distance is much less. 


How PULLEY SIZES AND RATIOS 
AFFECT TRANSMITTING CAPACITY 


The diameter of the pulley is a 


factor in determining the operating 


capacity that has often been neg- 
lected, because, theoretically, the 
pulley size should have no effect on 
the belt’s capacity. However, prac- 
tical operating men have long known 
that a large pulley would pull better 
than a small one. It is common 
practice to increase the size of pul- 
leys on drives which are giving 
trouble; the effect is an increase in 
the power-transmitting capacity of 
the belt which is largely attributable 
to the increase in belt speed. 

To find the effect of the change in 
size of the pulley alone the shaft 
speed was regulated to give a uni- 
form belt speed of 2,000 ft. per min. 
for all sizes of pulleys used. Cast- 
iron pulleys ranging from 6 to 36 
in. in diameter were employed, with 
the driver and driven pulleys the 
same size in each case. 

Several belts were used and in 
each case the capacity became 
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greater as the diameter of the pul- 
ley was increased. At slips up to 
2.5 per cent the 36-in. pulleys gave 
the highest horsepower transmis- 
sion; the 24-in. came next, and 80 
on down to the 6-in. pulley, as shown 
in Fig. 3. This proved that, in gen- 
eral, the capacity of a belt will be 
less on small pulleys than it is on 
large ones, with the greatest reduc- 
tion on pulleys below 12 in. in diam- 
eter. This subject will be discussed 
again later and correction factors 
will be given to show the allowance 
to be made for pulley size in design- 
ing belt drives. 

One of the most important phases 
of belt transmission is encountered 
in the driving of a large pulley by a 
much smaller one, or the opposite. 
Series of tests were made on six dif- 
ferent belts to determine what trans- 
mitting capacity may be expected 
when pulleys of different diameters 
are used together. Each series con- 
sisted of five tests in which a 36-in. 
pulley was driven consecutively by 
pulleys 36 in., 24 in., 18 in., 12 in., 
and 6 in. in diameter. All pulleys 
were of cast iron. In some cases 
tests were made at 5-ft., with anoth- 
er series at 10-ft., pulley centers. 

The shaft speed of the driver was 
regulated to give a belt speed of 
2,000 ft. per min. with each pulley 
combination. In some instances the 
conditions were reversed, so that the 
large pulley was used as the driver, 
with the same results as before. 
Therefore, the conclusion was 
reached that for the same pulley 
sizes, the same belt capacity would 
obtain regardless of whether the 
small or the large one was driving. 

Tests on a 6-in. paper pulley driv- 
ing a 36-in. cast-iron pulley indi- 
cated that it transmitted about 25 
per cent more power than the all 
cast-iron combination. 

In addition to the above a series 
of tests was made using pulleys 
ranging from 4 in. to 24 in. to drive 
a 24-in. pulley. Up to 2 per cent 
slip, or within the range of low slip- 
page, the belt transmits the high- 
est power with the largest driver pul- 
ley and the power becomes less as 
the driver is reduced in size. The 
greatest reduction in power takes 
place after the driving pulley is re- 
duced below 12 in. in diameter. 

The trend of these results is 
shown by the set of curves in Fig. 
4. Here the horsepower transmitted 
at 1½ per cent slip is plotted against 
the diameter of the smaller pulley 
so that one curve is given for each 
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Fig. 3—The effect of pulley size is 
clearly shown by the results of 
these tests. 


It is noticeable in these curves that 
the amount of horsepower loss in- 
creases rapidly as the diameters of 
the pulleys decrease. There would 
probably be a still greater increase 
of loss on pulleys below 6 in. in 
diameter. In this case the driving 
and driven pulleys are the same 
diameter. Extra small pulleys are 
not recommended for power trans- 
mission. 
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series of tests. The center distance 
and the type of belt are indicated. 
In each case the capacity of the belt 
decreases as the diameter of the 
smaller pulley is reduced. From this 
it is evident that a belt to be used 
on a cast-iron motor pulley of small 
diameter should be from 20 to 30 per 
cent wider than on a normal drive 
with large pulleys. If a paper motor 
pulley is used its increased capacity 
will tend to overcome the effect of 
the small pulley and not much allow- 
ance will have to be made except 
for motor pulleys below 6 in. in 
diameter, unless the driven pulley 
diameter is more than six times the 
diameter of the driver. Curves are 
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Fig. 4—This shows in another way 
the effect of the pulley size on the 
horsepower transmitted by a belt. 


The rapid drop in the power trans- 
mitted where the driving pulley is 
below 12 in. is more clearly shown 
in this chart, which gives the re- 
sults obtained by testing a belt 
under a uniform slip of 1% per 
cent. This indicates that there 
should be some definite allowance 
made for small pulleys, such as are 
often attached to motors. The 
proper factors to compensate for 
this may be obtained either from 
Figs. 7 and 8 or Tables I and II. 
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given later in the report showing 
just how much to allow for cast-iron 
pulleys. 

The work on different pulley com- 
binations incidentally gave data on 
the position of the pitch line in a 
leather belt which is the point some- 
where in the belt line that deter- 
mines the working diameter of the 
pulley. It is common practice in 
figuring pulley sizes to add the thick- 
ness of the belt to the pulley diam- 
eters if a close calculation is re- 
quired. This assumes that the pitch 
line is 50 per cent of the belt thick- 
ness out from the pulley face. Re- 
cent tests have proved that the pitch 
line is from 60 to 80 per cent of 
the belt thickness, with an average 
of 70 per cent out from the grain 
side of a single leather belt. 

This is important in close speed 
calculations. For example, suppose 
a 36-in. pulley running at 200 r.p.m. 
is driving a machine with a 6-in. 
pulley through a single belt 0.2 in. 
thick. In computing the speed of 
the driven shaft, entirely neglecting 
the belt thickness, the method would | 
be as follows: 

(36—6) X200—1,200 r.p.m. As- 
suming the pitch line of the belt to 
be out 50 per cent of the belt thick- 
ness, the belt thickness would be 
added to the pulley diameters and 
the computation would be: 

(36.2 — 6.2) X 200 = 1,168 r. p. m. 
However, if the driven speed is fig- 
ured on the assumption that the 
pitch line is 70 per cent of the belt 
thickness out from the pulley, 2 
times 70 per cent of 0.2 in. would be 
added to the pulley diameters, or: 

(36.28--6.28) 200 1, 156 r. p. m. 
which would be the maximum speed 
of this machine, neglecting slip en- 
tirely. A workman who does not 
understand these principles would 
expect to obtain 1,200 r.p.m. and 
would attribute the 44 r.p.m. differ- 
ence to belt slippage. Even the dif- 
ference between 1,168 r.p.m. as com- 
puted in the second case, and 1,156 
r.p.m. might have an appreciable ef- 
fect on production. Thus on drives 
where the driven machine speed 
must be closely regulated, the posi- 
tion of the pitch line has an impor- 
tant effect which should be taken into 
account in determining the exact pul- 
ley sizes or operating speed. 


OPERATION OF THE GRAVITY IDLER 
IN SERVICE 


The gravity idler is a properly 
weighted idler, so pivoted from a 
long arm that the idler pulley runs 
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near the small pulley against the 
loose side of the belt, in such a way 
as to increase the arc of contact on 
this pulley to between 220 and 250 
deg. At the same time the arc of 
contact of the larger pulley is in- 
creased to about 215 deg. These 
idlers are becoming more and more 
popular on difficult short center 
drives where there is a large differ- 
ence in the diameters of the driver 
and driven pulleys. These idlers are 
commonly known under the names 
of Lenix, Pulmax or Belt-Slacker 
drives. 

The same testing equipment, with 
the addition of a gravity idler, was 
used here. Belts were tested on 
short centers of approximately 5 ft. 
Weights were added to the idler to 
produce a tension sufficient to oper- 
ate at about 1% per cent slip; each 
belt required a different weight. 

Tests were made at a belt speed 
of 2,000 ft. per min. on two different 
‘belts: first, without the idler, with 
the tight side on the bottom; and 
second, using the gravity idler for 
comparison. A good indication of 
the results is plotted against the per- 
centage of slip for two of the com- 
parative tests. Probably the most 
interesting feature of the results is 
the unusual shape of the gravity 
idler curve. Instead of curving to 
the right and indicating an increase 
in the rate of slip as the load be- 
comes greater, the idler drive curve 
turns up and shows that the rate 
of slip increase is becoming less. 
This curve indicates that the idler 
drive has a much higher overload 
capacity than the normal drive but 
that it may slip more at light loads 
if used on a fluctuating load, unless 
extra weight is used on the idler. 

The arc of contact is so much 
greater on both pulleys with the 
gravity idler drive that it permits 
the belt to carry the same load with 
less tension on the bearings. In 
these tests the bearing tension was 
from 10 to 27.5 per cent less with 
the idler drive for the same power 
transmission. In practice, the ten- 
sion reduction would probably be 
more than this because the belt on 
a normal drive has to be set up 


Fig. 5—Some interesting results of 
pai tests made on a gravity idler 
ve. 


Here the same belt drive was tested 
with and without an idler drive. 
This could easily be done because 
the two parts of the testing ma- 
chine may be separated sufficiently 
to give the proper tension. The 
idler drive is more effective under 
heavy loads, where it is needed, 
than when the loads are light. 
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tighter than necessary to allow for 
stretch, while the gravity idler can 
be adjusted to give just the neces- 
sary tension. 


EFFECT OF HIGH SPEED ON CAPACITY 
OF LEATHER BELTS 


The effect of high speed, with the 
resulting centrifugal force, has long 
been a source of speculation among 
belting men. Experiments were 
made at belt speeds ranging from 
2,000 to 8,000 ft. per min. on sev- 
eral belts. Tests were made which 
compared single, double and triple 
thicknesses, throughout the above 
speed range; in these cases the com- 
parative tests were all made on the 
same belt surface. In order to do 
this a three-ply belt was made up 
and tested. The outside ply was 
then stripped off leaving a double 
belt with the same transmitting sur- 
face. When this was tested the 
operation was repeated, producing a 
single belt. In this way all com- 
parative tests of single, double and 
three-ply thicknesses were much less 
subject to the factor which causes 
the greatest experimental error: 
namely, variations in belt surface. 

Representative results are. indi- 
cated in the chart, Fig. 6, which 
shows a series of tests comparing a 
2-in. single and a 2-in. three-ply belt. 
Horsepower is plotted on the ver- 
tical axis against belt speed on the 
horizontal axis, at a slip of 14% per 
cent. 

On tests on a belt which had been 
buffed to give it a low transmission 
capacity the peak loads were reached 
at 6,500 ft. per min. and the power 
transmitted decreased from that 
point. However, the curves, which 
are for a high-capacity belt, show 
that the peak is reached somewhere 
between 7,000 and 8,000 ft. per min. 

In addition to transmitting more 
power per inch of width, a high- 
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Fig. 6—These tests show that belts 
may be operated effectively up to 
between 7,000 and 8,000 ft. per min. 


Other tests indicated that the power 
transmitted by belts with a poor 
surface nosan. 5 drop at about 
5.000 ft. per Also, these tests 
seem to ae that the relation of 
capacity and speed for the various 
weights of belt follow definite laws. 
It must be remembered, however, 
that for high-speed operation it is 
necessary to have a cemented joint 
in the belt. These tests also show 
possibility of transmitting 
power at speeds well beyond that at 
which the computed centrifu 
force equals the initial testing. This 
value has usually been considered 
the absolute limit of transmission 
for all belts 


capacity belt has its greatest power 
at a high speed. A high power peak 
is important in the operation of a 
high-speed belt, because such a belt 
has more capacity than ordinary 
belts at any speed and a great deal 
more at high speeds. The curves on 
this chart, Fig. 6, furnish a good 
comparison of the relative capacities 
of single and three-ply belts. The 
following conclusions were drawn 
from this test: - 

(1) The speed at which the maxi- 
mum power, or power peak, of a leather 


belt occurs, depends upon the frictional 
condition of the leather. A belt with 
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a poor surface shows a peak at about 
5,000 ft. per min., while a good belt 
might go to a maximum of 8,000 ft. 
per min. 

(2) Belt speed seems to have about 
the same effect on single, double and 
three-ply belts; so a constant relation 
between their capacities can be estab- 
lished for all speeds. 


(3) It is possible to transmit power 
at speeds well beyond the speed where 
the computed centrifugal force equals 
the initial tension. 


RATING CHARTS FOR LEATHER BELT- 
ING BASED ON EXPERIMENTAL DATA 


The above paragraphs contain a 
brief resume of the research work 
necessary to secure enough informa- 
tion to allow properly for the effect 
of the various conditions of pulley 
size, center distance, and belt speed. 
The next problem is to put the in- 
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formation in such form that it can 
be readily applied by the average 
person to practical belt problems. 
To do this necessitates the use of 
two curve sheets. The first of these, 
Fig. 7, may be considered as a series 
of master curves from which the 
horsepower per inch of width is 
readily obtained for any belt speed 
up to 8,000 ft. per min. in all weights 
of belt up to three ply; a separate 
curve, however, is used for each 
weight of belt. 

These curves are intended to ap- 
ply to local conditions only; conse- 
sequently the horsepower obtained 
from them should be corrected for 
the effect of center distance and pul- 
ley size. A second chart, Fig. 8, 
contains three correction curves for 
modification of the ideal ratings ob- 


Figs. 7 and 8— These curves are 
used in conjunction to obtain cor- 
rection factors for determining al- 
lowances, because of center dis- 
tance, pulley size and whether the 
tight or loose side of the belt is on 
top, when laying out a belting 
installation. 


If preferred, Tables I and II may be 
used instead of reading the values 
from the curves. In the use of these 
charts the following precautions 
must be observed: (a) These charts 
are to be used pag on horizontal or 
approximately horizontal drives. (b) 
Do not use Fig. 7, at left, without the 
corrections from Fig. at right. 
(c) The diameter of the larger pul- 
ley should not be more an six 
times the diameter of the smaller 


one. To use these curves, with these 
three points in mind, proceed as 
follows: 


(1) Find the correction for center 
distance from one of the two center- 
distance curves, depending on wheth- 
er the tight side is above or below. 
If the center distance is greater than 
25 ft., use the correction for 25 ft. 
(2) Find the correction for pulley 
size from the pulley-size curve, 
Fig. 8, using the diameter of the. 
smaller of the two pulleys. If both 
pulleys are larger than 36 in. in 
diameter no correction is necessary. 
(8) Choose the curve, Fig. 7, at left, 
corresponding to the desired weight 
of belt, and take from it the horse- 
power per inch of width according 
to the belt speed used. 

(4) Multiply the result of (1), (2) 
and (3) together to get the corrected 
horsepower per inch of width. 
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(5) Divide (4) into the total horse- 
power to be transmitted to get the 
correct width of the belt. 

As an example, suppose a 10-in. 
pulley running at 1.000 r.p.m., giving 
a belt speed of 2,600 ft. per min., is 
to transmit 15 hp. to a 36-in. pulley 
at a center distance of 8 ft. Assum- 
ing the tight side is below, what 
size of heavy single belt is required? 
Carrying the computations through 
in the same sequence as indicated, 
the procedure is as follows: 

(1) The correction factor for 8 ft. 
center distance with 71 (the tight 
side) below is obtained from Fig. 8 
and equals 0.87. 

(2) Correction factor for 10-in. pul- 
ley size from Fig. 8=0.853 

(3) Horsepower per in. width, from 
Fig. 7, at belt speed of 1,600 ft. per 
min. for heavy single belt=5.26. 

(4) Multiplying, 0.87 X0.835 XK 5.25 3.9 
horsepower. 

— 12 Divide 15 by 3.93.85, width of 
elt. 

e use a 4-in. heavy single 
elt. 

When the width of belt comes out an 
uneven size such as 3.85 in. the next 
larger size should always be chosen. 
A table of the initial tensions re- 
quired for different speeds is given 
in Fig. 7. The tensions are given in 
pounds per square inch of cross-sec- 
tional area per strand of belt. The 
cross-sectional area is obtained by 
multiplying the width times the 
thickness, so a belt 4 in. wide and 
0.2 in. thick would have a cross- 
sectional area of 4X0.2=-0.8 sq. in. 
If the recommended tension is 175 
lb. per sq. in., the tension per 
strand this belt would be 0.8 X175 
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tained from Fig. 7. Two of the 
curves on Fig. 8 are used to correct 
center distance with the tight side 
of the belt above or below, and the 
other is for pulley size. The vertical 
axis of the chart gives the correction 
factors for center distances between 
4 and 25 ft., and for the smaller of 
the two pulleys when its diameter 
is between 4 and 86 in. The cor- 
rection factors are multiplied to- 
gether and the result multiplied by 
the horsepower obtained from Fig. 7 
to give the corrected horsepower per 
inch of width. ; 

These curves take care of the ef- 
fect of the arc of contact, pulley size, 
pulley ratio, center distance, whether 
the tight side is above or below, and 
belf speed as is explained more fully 
in the caption accompanying the two 
charts, Figs. 7 and 8. These charts 
are not intended for use with ver- 
tical or quarter-turn drives, as no 
investigations have been made un- 
der such conditions. 

Many persons find that tables are 
much easier to use than curves, and 
to give these data a wider range of 
usefulness they have been incorpor- 
ated into the tables given herewith. 
Table I contains the horsepower rat- 
ings per inch of width for the dif- 
ferent weights of belts, the values 
having been taken directly from the 
chart, Fig. 7. Table II gives the 
correction factors for center distance 
and pulley diameter, and in addition 
multiplies them together. It is nec- 
essary only to multiply the horse- 
power from Table I by the correction 
factor from Table II to obtain the 
correct horsepower per inch of 
width. The two columns under each 
center distance in Table II, one 
marked Above and the other Below, 
indicate the correction when the 
tight side of the belt is on top 
(above) or on the bottom (below) 


Center epee mn e, 
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of the horizontal, or nearly horizon- 
tal, drive. 

The biggest objection to the use 
of tables is that interpolation is nec- 
essary to determine quantities not 
given in the tables. Thus, in Table I, 
it was possible to give the horse- 
power only at intervals of 500 ft. 
per min.; so interpolation will often 
be required. In doing this, it is ad- 
visable to use the nearest 50 or 100 
ft. per min. If the belt speed is be- 
low 500 ft. per min. it would be bet- 
ter to use the nearest 25 ft. per min. 
in order to reduce the percentage of 
error. The explanatory caption in 
connection with these Tables gives 
an example of each step of an easy 
method of interpolation for Table I. 

Enough values are given in Table 
II for correction factors so that in- 
terpolation will seldom be necessary 
and, when it is, the correction can 
usually be estimated closely enough 
for all practical purposes. These 
tables are subject to the same limita- 
tions that are imposed on the curves 
in Figs. 7 and 8. 

The following explanation of as- 
sumptions on which these curves are 
based may assist practical men in 
obtaining a more complete under- 
standing of belts and belt operation. 
The set of curves in Fig. 7 are based 
on two principles. The first is, that 
the rate of slip in ft. per min. should 
increase with the belt speed, but that 
the percentage of slip should de- 
crease. Therefore, a belt perform- 
ing in accordance with this assump- 
tion should slip about 1.5 per cent 
up to 2,000 ft. per min., 1.25 per 
cent at 3,000 ft. per min., 1 per cent 
at 4,000 ft. per min., 0.9 per cent at 
5,000 ft. per min., 0.8 per cent at 
6,000 ft. per min. and 0.75 per cent 


Table I and II— Where desired, 
these tables may be used in de- 
termining rating of leather beltmg 
instead of Figs. 7 and 8. 


Suppose, for example, that it is de- 
sired to find the horsepower for a 
medium single belt operating at 
2,860 ft. per min. The procedure is 
as follows: 
(1) Choose values of horsepower for 
nearest speeds, one higher and the 
other lower than the given speed. 
Example: If given speed 2.860 ft. 
per min., use 2,850 ft. per min. 
Horsepower at lower table speed, 
which is 2,500 ft. per. min.=4.35. 
Horsepower at higher table speed, 
which is 3,000 ft. per min.=5.15. 
(2) Subtract lower table speed from 
given speed and divide by 500. Ex- 
ample: 

2,850—2,500=350. 

350--500=0.7. 
(3) Subtract lower table horsepower 
from higher table horsepower. 
Example: 65.15—4.35=0.80 hp. 
(4) Multiply results of (2) by (3). 
Example: 0.70.80 hp.=0.56 hp. 
(5) Add result of (4) to lower table 
horsepower for correct value of hp. 
per inch of width from Table I. 
Example: Correct horsepower for 
2,850 ft. per min.=4.35+0.56=4.91 hp. 
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at 7,000 to 8,000 ft. per min. The 
second principle is that speed affects 
the various thicknesses of leather 
belting in the same way, so that defi- 
nite ratios between the capacity of 
the different thicknesses can be es- 
tablished which will hold true for all 
speeds. In terms of medium-single 
belt the following ratios were used: 
light single, 0.81; medium single, 
1.00; heavy single, 1.15; light double, 
1.40; medium double, 1.70; heavy 
double, 1.95; medium three-ply, 2.25. 
It is assumed that the initial tension 
should be applied in proportion to 
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the belt thickness, as given in the 
government specifications for all 
weights of belts. 

The center distance curves, Fig. 8, 
which are based on these experi- 
ments, are constructed so as to give 
proper center distance allowance for 
a belt of average capacity. There 
was not as much variation as this 
on a low-capacity belt, but consider- 
ably more on a high-capacity belt; so 
the curves are a compromise between 
the two. The effect of center dis- 
tance with the tight side on top is 

(Please turn to page 805) 


Table I Horsepower Transmitted by Belts Per Inch 
of Width at Different Speeds 


BELT SPEED IN Feet per MINUTE 


WEIGHT or 
BELT 


Light Double... 
Medium Double 


Heavy Double.. 


Medium Triple.. 


500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 55008] 6000 | 6500 | 7000 | 7500 | 8000 


9.88 11.60 13.15) 14.50 15.62) 16.52) 17.20 17.55] 17.5 | 17.10) 16.40) 15.30 


Table II— Correction Factors Which Compensate for 
Center Distance and Pulley Diameter 


CENTER DisrANcE IN Feet 


Dia. or 
SmacLer PCL I x Y 
IncuEs 


DIRECTIONS FOR USE OF HORSEPOWER RATING 
Determine horsepower per inch of width from Table I. 


BELTING—1. 


TABLES FOR LEATHER 


2. Determine correction factor from Table II. 3. Multiply values from 
Tables I and II together for correct horsepower per inch. 4. Divide total 
horsepower to be transmitted by horsepower per inch to get required 


width of belt. 


Nore—(A) Above and below in Table II refer to the position of the 


tight side. 
use nearest 50 or 100 ft. per min. 


(B) When interpolating for speeds not given in Table I 
For example: 


If belt speed is 1,665 


ft. per min., use 1,650 ft. per min., or if it is 1,690 ft. per min. use 1,700 


ft. per min. 
II. 


(C) If the center distance is over 25 ft. use 25 ft. in Table 
If the smaller pulley is over 36 in. use 36 in. in Table II. 


(D) Use 


only on horizontal or nearly horizontal drives. 
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SWITCHBOARDS are the nerve-centers of 
electrical distributing systems and as such 
have to perform a number of important 
functions. The proper discharge of these 
functions and the maintenance of con- 
tinuity of service to the electrically-driven 
equipment depend to a large extent upon 
the materials of which the switchboard is 
constructed and the manner in which 
these materials are assembled. In this 
article, Mr. Notvest outlines the essential 
characteristics which should be possessed 
by materials suitable for use in switch- 
boards and discusses the use of slate for 
this purpose. Also, he gives helpful sug- 
gestions on how to select and handle slate. 


Practical Pointers 
on the Use of 


Slate as a 


Switchboard 
Material 


With Specifications for 
Its Purchase and Sugéges- 
tions on How to Install It 
So as to Secure the Best 
Service Therefrom 


By ROBERT NOTVEST 


Consulting Engineer, The Structural Slate 
Company, Pen Argyl, Pa. 


OR a clear understanding of 

| ie basic requirements which 
any given switchboard mate- 

rial must meet in order to secure 
the uninterrupted distribution of 
electrical energy, it may not be amiss 
to define the functions of such equip- 
ment as switchboards, panelboards, 
and industrial control equipment on 
which slate and similar materials 
are employed for the permanent 
mounting of the component devices. 
Switchboards and panelboards are 
the assembly of such devices as 
switches, circuit breakers, rheostats, 
oil switches, contactors and relays, 
which permit, either through manual 
or automatic operation, the distribu- 
tion of electrical energy. In addi- 
tion, they combine with the means 
of connecting and disconnecting cir- 
cuits, the necessary instruments for 
measuring the quantity of electrical 
energy distributed to the various cir- 
cuits, and for protecting automatic- 
ally, through relays, fuses, circuit 
breakers, oil switches, resistances 
and reactances, the generating sta- 
tion from the destructive effects of 
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overloads, short-circuits, grounds 
and various other troubles and con- 
ditions which may arise and cause 
serious damage not only to the gen- 
erating machinery and the distribu- 
tion system, but also to the equip- 
ment which uses electrical power. 
While switchboards and panelboards 
have the function of protecting and 
regulating the distribution of elec- 
trical energy as such, industrial con- 
trol apparatus can be defined as 
switching and protective gear used 
in connection with an electric motor, 
forming an essential part thereof to 
secure the proper performance re- 
quired of the motor. 


CHARACTERISTICS WHICH A SWITCH- 
BOARD MATERIAL MUST POSSESS 


It may be interesting to consider 
for a moment some of the essential 
characteristics which any material 
used for the construction of switch- 
boards and panelboards, for mount- 
ing industrial control equipment and 
so on, should possess, so that indus- 
trial plant men who are called upon 
to select or build such equipment 
may go about their task more intelli- 
gently. 

(1) Switchboard material must be 


Properly locating the holes for the bolts 
will do much to facilitate the assembly and 
alignment of the slate panels on a switch- 
board. This illustration shows the proper 
method of putting the panels in place. 
Care must be taken to see that the bottom 


»panels rest on a substantial base and that 


the upper panels rest on those below them, 
so that their weight is not supported by the 
holding bolts. 


a good insulator; that is, a substance 
which will in greater or less degree 
confine the electric current and force 
it to traverse a predetermined path. 
We must define the term electric in- 
sulation as embracing in its mean- 
ing three important functions which 
must be fulfilled before any material 
can be utilized for safely and perma- 
nently confining electrical energy. 
These functions are: (1) Dielectric 
constant, or specific inductive capac- 
ity. This should not vary excessive- 
ly under changes of temperature or 
potential. Although this quality is, 
for many insulating materials, fairly 
constant under direct-current poten- 
tials, under alternating-current pres- 
sures it becomes erratic and is great- 
ly affected by changes in tempera- 
ture or frequency. In the case of 
composite dielectrics it is also af- 
fected by the inherent characteris- 
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tics of each component dielectric and 
its individual peculiar factor of tran- 
sient capacity absorption. (2) Re- 
sistivity or insulation (ohmic) re- 
sistance. A high value is invari- 
ably desirable, to prevent leakage. 
(3) High dielectric strength, to pre- 
vent mechanical rupture or break- 
down under high potential stresses. 

A high degree of purity of the 
insulating material is another pre- 
requisite, as even under constant 
electrostatic pressure minute impuri- 
ties may cause a considerable in- 
crease in the flow of leakage current. 
High porosity of an insulating mate- 
rial may not only greatly decrease 
insulation resistance, through an ini- 
tial content of moisture, but also pro- 
duce this condition by reabsorption. 
The surface resistance of an insula- 
tor is, in turn, greatly influenced by 
the finish of the material and the 
humidity of the atmosphere at the 
place of installation. Experimental 
data so far obtained seem to indi- 
cate that failure or rupture in a 
dielectric is of a progressive nature; 
that is, the final disruptive failure 
is preceded by a continually increas- 
ing conductivity due to cumulative 
overheating. 

(2) The material must possess 
sufficient strength to bear, without 
danger of breaking or bending, the 
weight of heavy instruments, switch- 
es, circuit breakers, and soon. The 
compressive strength must likewise 
be high. The importance of this is 
seen from the fact that panels in 


general are screwed or bolted tightly. 


against four or six irregular points 
of contact on the angle-iron or pipe 
frame. In the vast majority of cases 
the contact surfaces do not corre- 
spond to a true plane and distor- 
tional stresses are set up when the 
panel has to be forced to conform 
to the irregularities of the frame- 
work. Furthermore, circuit break- 
ers and switch studs, especially in 
the large sizes, are tightened down 
very hard. Great compressive 
stresses are also caused by the lever- 
age of oil switches, motor starters, 
rheostats and heavy instruments 
when mounted directly on the panel. 


Fig. 1—Connections for determin- 
ing insulation resistance of slate 
panel by voltmeter method. 


The line voltage is measured with 
the voltmeter connected as shown 
by the dotted line; then the voltage 
is again measured with the dotted 
connection removed. The resistance 
of the voltmeter can be obtained 
from the instrument and, with these 
three quantities known, the resist- 
ance of the panel can be calculated 
by the use of a simple formula, as 
explained in the text. 
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Recommended Specifications 
Covering Purchase of Slate for Electrical Purposes 


(1) Such slate shall be of clear 
mill stock, iform in color, free 
from veins, spots and cracks, of 
uniform dense texture with specific 
gravity of approximately 2.8. The 
percentage of absorption of water 
by weight in 24 hours shall not be 
greater than 0.3 per cent. 

(2) All slate shall have the fol- 
lowing physical characteristics: 
Tensile strength, approximately 
3,000 lb. per sq. in. Compressive 
Strength, not less than 10,000 lb. 
per sq. in. Modulus of elasticity, 
8,000,000 Ib. per sq. in. Toughness, 
that is, resistance to fracture under 
impact, shall be determined under 
the method advocated by the Amer- 
ican Society for Testing Materials, 
and show a factor of not less 
than 12. 

(3) All slate shall be easy to 
drill and shall not be used for 
electrical purposes until three 
months from date of quarrying. 

(4) The face, and edges of panels 
shall have even, true surfaces, 
accurately eut to dimensions given 
and shall not vary more than m in. 
Any adjoining edges or sides shall 
not deviate from a right angle by 
more than + in. Bevels shall be 
cut true entirely around panels and 
shall be measured by the projected 
width and depth. The back of the 
panels shall be free from lumps or 
depressions, but need not be trued. 

(5) All slate shall be tested prior 
to shipment with 2,200 volts alter- 
nating current and the impedance 
leakage actually measured by 


(3) The material must possess a 
certain amount of elasticity. Switch- 
boards by necessity have to be in- 
stalled in such locations that they 
are constantly subjected to vibration 
and jars from the equipment which 
they control. In the field of indus- 
trial control apparatus such appli- 
cations as protective panels for 
cranes, hoists or elevators, automatic 
motor starters on machine tool serv- 
ice, and so on, are instances where 
the switchboard material is subject- 


means of either a wattmeter in the 
primary of the transformer used, 
or by the voltmeter method of 
determining the voltage drop in a 
transformer of given capacity, or 
with a milli-ammeter in series with 
the high-tension circuit. The impe- 
dance leakage shall not exceed 
such limit in milli-amperes as may 
be determined to be expedient for 
the particular application. 

(6) Holes drilled in the slate for 
the purpose of securing it to the 
supporting angle irons or pipe 


framework shall be from 15 per 
cent to 20 per cent larger in diam- 
eter than the screws, bolts, cap- 
screws or studs used for this pur- 


pose. Also, between the surface of 
the slate and the points of contact 
on the supporting framework there 
shall be interposed compressible 
washers of suitable size of such 
material as rubber, leather, felt, 
fibre, etc., to compensate for the 
irregularities of the surface of the 
framework. 

(7) Slate slabs over 4 sq. ft. in 
area, mounted on framework shall 
rest on an angle-iron support, so 
that whenever possible the fasten- 
ing bolts, screws or studs do not 
carry the weight of the slate, but 
only hold the same in place. In the 
case of large switchboard assem- 
blies, all panels shall rest on a 
substantial channel-iron base, pref- 
erably cushioned with a strip of 
the above-mentioned compressible 
9 between the slate and the 

ase. 


ed to shocks and severe vibrations 
and must have a high factor of elas- 
ticity. 

(4) Sufficient toughness to with- 
stand the service conditions to which 
it is subjected, is essential. The 
general tendency of industrial plants 
to use motor drives, has opened up 
a wide field for automatic motor 
starters of various designs, and 
switchboard material of considerable 
toughness is required in order to 
stand up under the heavy impacts 
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caused by the opening and closing 
of the magnetic switches and con- 
tactors. 

(5) Material used for electrical in- 
sulating purposes must be practi- 
cally non-absorptive. Due to the 
wide range and quick variation in 
temperature to which electrical ap- 
paratus is subjected, there is very 
often a danger of leakage due to sur- 
face condensation and moisture. 

(6) The expansion with rise of 
temperature should be so slight as 
to avoid the possibility of setting up 
destructive stresses with changes of 
temperature. 

Coming now to the materials that 
possess the above qualities in suffi- 
cient degree to warrant their use, 
or consideration, for such purposes, 
slate is widely used for mounting 
both switchboards and industrial 
control apparatus. Other materials 
used for switchboard and similar 
construction are marble, either the 
Blue Vermont or Pink Tennessee 
variety; synthetic substitutes in the 
form of boards made from asbestos 
and magnesia fiber mixed with hy- 
draulic cement, compressed into 
shape and saturated with an asphalt 
compound; natural, fine-grained 
sandstone boiled in linseed oil; 
opaque black glass; and metal, as in 
the so-called all-metal, safety dead- 
front construction. 


COMPOSITION AND PROPERTIES OF 
SLATE FOR ELECTRICAL USE 


Before discussing the properties 
of slate which make it valuable for 
electrical purposes, it may be well 
to consider what slate is and where 
it is obtained. Slate is a natural, 
fine-grained rock which possesses fis- 
sility or cleavage, the ability to be 
readily split along a certain direc- 
tion. Briefly, slate is composed 
largely of chemical combinations of 
silica with aluminum and iron or 
magnesium, with varying, although 
small, amounts of other minerals or 
compounds including iron oxide and 
sulphide, graphite, and so on. 

Roofing and structural slate is 
found in several states in the east- 
ern, western and southern portions 
of this country. Usable electrical 
slate has, however, so far been found 
only in certain quarries in Vermont, 
Maine and Pennsylvania. The first 
step in extracting slate from its bed 
is to cut deep vertical grooves in it 
by channeling machines. These 
grooves are 6 or 8 ft. deep and 
spaced 6 to 10 ft. apart. After the 
channeling machines have cut the 
grooves, the slate is split by means 


ENGIN 


Hole in slate 20% larger in 
diameter than diameter of bolt , 


Washer of compressible material 
between angle tron and slate 


Fig. 2—Bolt holes in slate panels 
should be about 20 per cent larger 
than the diameter of the bolt. 


Drilling the holes 15 or 20 per cent 
larger than the bolts will make 
assembly and alignment easier, and 
give some leeway for expansion or 
contraction of the panel. It is also 
good practice to place a washer of 
leather, fiber or other compressible 
material between the slate and the 
angle iron in order to lessen distor- 
tional stresses when the structure 
is tightened up. 
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Fig. 3—The weight of the slate 
panels should be carried by a chan- 
nel-iron base. 


If the studs or bolts are allowed to 
carry the weight of the panels, the 
slate may be damaged. When the 
switchboard is subjected to much 
vibration or shocks it is advisable 
to place a strip of rubber packing 
or similar material between the 
slate and the angle-iron or channel- 
iron base. This illustration shows a 
typical oil switch assembly on a 
slate panel. 
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of wedges into slabs 6 in. or more 
thick and removed from the quarry. 


Along with the good material there 


is a large amount of small pieces and 
waste that must also be removed. 
The average amount of waste in a 
quarry is 75 per cent of the total 
amount of material taken out. 

There are three main divisions in 
the uses of slate: roofing, structural, 
including electrical, and blackboards. 
If the slate can not be used for one 
of these purposes it should be suit- 
able for either of the other two. 
The cost of extracting and finishing 
slate for any one of the three pos- 
sible uses alone would make it so 
costly that it could not be marketed 
commercially. 

After removal from the quarry the 
slabs which are usable for black- 
boards and structural purposes are 
taken to a mill and cut by large 
steel saws into the sizes required. 
From these slabs those which may 
be used for electrical purposes are 
selected, and split into the desired 
thickness. The surface of the re- 
sulting slabs is fairly even, but 
rough. The next operation is plan- 
ing both sides; this gives an even 
surface which shows the marks of 
the planes. This planed surface is 
always left upon the back of slate 
used for electrical purposes, unless 
otherwise directed. 

Following the planing operation, 
the slate is given one of two stand- 
ard finishes. The so-called sand- 
rubbed finish is produced by rubbing 
the surface with sand and water. 
The resulting surface is smooth and 
even, showing a slight grain or stip- 
ple. This finish is sometimes called 
for on electrical slate, although in 
most cases the honed finish is pre- 
ferred and is, therefore, furnished 
as standard. This finish is produced 
either by rubbing the slate with 
blocks of carborundum, with a 
stream of water running over the 
surface, or by smoothing the sur- 
face with a belt which is charged 
with fine carborundum and travels 
over the surface at a speed of 3,000 
ft. per min. Unless otherwise speci- 
fied the honed finish is always fur- 
nished on electrical slate. 

There are four usual methods of 
treating slate panels, to produce the 
oiled, black marine, enamel, and 
marbleized finishes. These finishes 
are usually applied before complete 
installation, but if desired can be 
applied before shipment, although 
this must be specified. 

The oiled finish consists of raw 
linseed oil rubbed in. It can be ap- 
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plied after all work of drilling is 
completed and gives the slate a clear 
black color. 
during constant use the color can, 
if necessary, be readily brought back 
by rubbing in a small amount of oil. 
This is the least expensive of all of 
the finishes. 

The black marine finish was orig- 
inated and is required by the U. S. 
Navy Department upon the electrical 
installations aboard warships, from 
which it derives its name. It is pro- 
duced by the application of an amyl- 
acetate lacquer colored with black 
aniline dye, and is a dead black 
color. This finish gives a moisture- 
proof surface which has the peculiar 
quality of causing all water upon it 
to evaporate quickly. It is a long- 
lasting finish of good appearance and 
is called for frequently in electrical 
specifications where there is danger 
of moisture. This finish will not 
show stains from oil. 

If any special tints or colors are 
required upon slate, it is possible to 
produce these satisfactorily by the 
use of lead and oil paint, which ad- 
heres well to the stone. The speci- 
fications for this painted finish may 
follow good accepted local practice, 
the same as for metal or wood, al- 
though it is not recommended that 
less than three coats be used and 
more properly four. If desired, it 
is possible to secure stained effects 
by the use of stains or wax, which 
should be applied and rubbed in with 
a cloth. In this way it is possible 
to secure a lighter effect, somewhat 
gray in color. 

A large amount of investigational 
work has been done in determining 
the physical properties of slate, par- 
ticularly with reference to its use 
in electrical installations, and for the 
sake of those who may be called 
upon to make use of this material, a 
brief resume of the results of these 
tests will be given. These tests were 
made on representative samples of 
slate of a grade suitable for use in 
switchboards and similar installa- 
tions. For convenience, we may use 
the outline given above for the 
essential characteristics which 
switchboard material should possess. 

Insulating Value—The average re- 
sistance of newly-quarried slate has 
been found to be on the order of 
734,750 ohms per cu. in. Freshly- 
quarried slate contains a certain 
amount of moisture as a part of 
its crystalline structure. The influ- 
ence of this moisture in reducing the 
resistance is shown by the fact that 
the average resistance of slate quar- 
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ried three months is 2,535,700 ohms 
per cu. in. 

The particular problem of the 
Pennsylvania producers has been to 
weed out of the quarry material con- 
taining an excess of carbonaceous or 
conductive material. Today, the 
quarries are testing every single slab 
of slate to be used for electrical in- 
stallation prior to shipment with 
2,200 volts and actually measure the 
impedance leakage. The apparatus 
used is an especially-designed test 
set which is covered by patent ap- 
plication. It consists of a step-up 
transformer in which the short-cir- 
cuit current is limited to a predeter- 
mined safe value by means of a suit- 
able resistance or reactance in the 


Fig. 4—Here is a switchboard 
which is properly mounted on a 
channel-iron base. 


This base carries the weight of the 
slate panels, so that none of it 
comes on the holding bolts. The 
arc shields between the circuit 
breakers on this switchboard are 
also made of slate. 
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primary. This arrangement, through 
a corresponding adjustment in the 
ratio between primary and secondary 
coils, prevents an excessive voltage 
drop on slight leakage currents. A 
special, uniform-scale, dynamometer 
type of milli-ammeter is connected 
in series with the secondary of the 
transformer. f 

The tolerance limit of impedance 
leakage under a potential of 2,200 
volts alternating current has been 
set at 20 mil.-amp., as slate at the 
quarries is by necessity tested while 
still containing moisture. Practical 
experience has shown that slate con- 
taining an excess of carbon gives 
leakages far in excess of this 
amount, and that slate still contain- 
ing moisture as part of its crystal- 
line structure and giving readings 


within the limits of the above-men- 


tioned tolerance will, when dried out, 
give a leakage of only 2 to 5 mil.- 
amp. under 2,220 volts a. c. 

Tensile Strength—Data regarding 
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the tensile strength of slate is sel- 
dom required. However, as a mat- 
ter of information tests made upon 
19 samples showed an average ten- 
sile strength of 3,625 lb. per sq. in. 
Tests of the compressive strength 
made on a large nuntber of samples 
of Pyramid brand slate showed on 
the average 10,250 Ib. per sq. in. 
Elasticity—This property was de- 
termined by several series of tests in 
which samples of slate 26 in. long, 
1 in. wide and % in., 1 in. and 1% 
in. thick respectively were arranged 
as beams on wood supports 24 in. 
apart. A load was applied at the 
center of the span and the deflection 
and breaking point noted. The fol- 
lowing results are the averages of a 
number of tests: Beams % in. thick: 
average load at failure 68 lb.; aver- 
age deflection 0.094 in. Beams 1 in. 
thick: average load at failure, 239 
Ib.; average deflection 0.0638 in.; 
modulus of elasticity, 9,437,000. 
Beams 1 ½ in. thick: average load 
at failure, 685 Ib.; average deflection, 


0.0793 in.; modulus of elasticity, . 


7,912,000. 

Toughness— In testing slate for 
toughness, the method recommended 
by the American Society for Testung 
Materials has been used. Tough- 
ness, as applied to rock, is the resist- 
ance to fracture under impact, ex- 
pressed as the final height of the 
blow of a standard hammer required 
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Fig. 5—Here is a typical angle- 
iron switchboard frame. 


The dimensions shown here could 
easily be altered to suit local con- 
ditions. 


Fig. 6—These are typical details 
of A, pipe-frame switchboard as- 
sembly and, B, a benchboard frame. 


Note the channel-iron base on which 
the panel in A rests. The bench- 
board frame in B also rests on a 
channel iron. The compressible 
washers, between the slate and the 
frame are clearly shown in both of 
these illustrations. One of these 
washers is shown in detail in Fig. 2. 
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to cause fracture of a cylindrical 
test specimen of given dimensions. 
A number of specimens of slate 
tested gave an average height of 11.5 
em. (4.5 in.). 

Absorption — This quality was de- 
termined by baking representative 
samples at a temperature of 120 deg. 


C. for 24 hr. and weighing. They 


were then immersed in water for 24 
hr. and weighed again. Under these 
conditions, the average increase in 
weight was found to be 0.196 per 
cent of the dry weight. 

Expansion—A large number of 
samples tested in an electric furnace 
at temperatures ranging from 10 
deg. to 200 deg. C showed on the 
average a co-efficient of expansion of 
0.00001. 

For practical purposes, these re- 
sults are embodied in the accompany- 
ing specifications. These specifica- 
tions can be used without prejudice 
for slate originating in Vermont, 
Maine, or Pennsylvania and call for 
the physical characteristics which 
are absolutely essential in material 
that is to be used for electrical ap- 
pliances. 


METHOD OF MEASURING INSULATION 
RESISTANCE OF SLATE PANELS 


In some instances it is desirable 
to determine the insulation resist- 
ance of a slate panel in service. This 
can be done in various ways, such as 
by means of a direct-reading ohm- 
meter, a Wheatstone bridge, or a 
milli-ammeter, although in practical 
work the most convenient instru- 
ment is the ordinary high-resistance 
voltmeter. The connections for de- 
termining the resistance by means of 
a voltmeter are shown in Fig. 1. 

The theory of the voltmeter meth- 
od of measuring insulation resist- 
ance is as follows: When a current 
flows through two conductors in 
series the volts drop across each of 
the conductors will be proportional 
to the resistance of that conductor. 
Then with an unknown resistance, 
Rz, connected in series with the volt- 
meter across the source of potential 
the volts drop across Ræ will be pro- 
portional to its unknown resistance. 
Also, volts drop Vv across the re- 
sistance of the voltmeter, as indi- 
cated by the reading of the instru- 
ment itself, will be proportional to 
the resistance of the voltmeter. The 
proportion may be written Vv—Vx 
—Rv-—Rx, or RX (in ohms) = (Rv 
VX) Vw. In these formulas, Vv is 
the voltage drop across the 

(Please turn to page 306) 
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MANY INDUSTRIAL processes or operations 
create obnoxious gases, fumes or vapors, as 
well as heat or smoke which must be re- 
moved. Some of these are dangerous; others 


are more disagreeable than harmful. 


Many 


of them, however, if left to contaminate the 
atmosphere inside the plant, are annoying to 
the workmen and prevent them from giving 
their best efforts to their job. Some of the 
equipment and methods used in the removal 
of these by-products are discussed here. 


Some Things It Pays 
to Know About 


Removing Obnoxious 
Fumes, Gases and Vapors 


Which Are Generated During Industrial Processes, 
Together With a Discussion of Equipment and 


Methods Commonly Used 


By CHARLES L. HUBBARD 
Mechanical Engineer, Boston, Mass. 


EMOVAL from manufacturing 
R plants of objectionable sub- 
stances, such as fumes, gases 
or dusts, whether in the atmosphere 
or created by the industrial process- 
es, together with some of the lighter- 
weight materials, has become a mat- 
ter of importance and in many cases 
of legislation or factory inspection 
regulations which specify the man- 
ner and operation of such removal. 
This is a problem which has wide 
distribution among various indus- 
tries and a general consideration of 
its ramifications as well as methods 
of solution would seem to be of in- 
terest to industrial plant men. 
The first point to take into consid- 


eration in the removal or repression 
of all of these objectionable sub- 
stances is that they will, for a time 
at least, remain suspended in air. 
Naturally, it may be expected that a 
sufficient supply of fresh air, to- 
gether with adequate removal of the 
impure air, partially or wholly sat- 
urated with the gases, fumes, vapors, 
dust or other objectionable material, 
will take care of practically any 
problem. This is the case; the ex- 
ception is where the so-called fresh 
air is also contaminated with dust 
or some odor. The problem of the 
industrial man is to so direct this 
draft of fresh air as to remove the 
impure air in the most economical 
way and in such a manner as to in- 
terfere the least with the industrial 
processes or operations involved. If 
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When fumes or vapors are heavier than 
air they settle to the floor and so exhaust 
outlets must be placed low. Here at the 
Detpwater Point du Pont Dye Works the 
floor suction openings discharge into the 
square duct overhead. Fresh air is dis- 
charged from round pipes overhead. 


this point is kept in mind in plan- 
ning for the removal of these unde- 
sirable industrial creations, the 
problems will be much simplified. 
The equipment for handling these 
substances varies somewhat accord- 
ing to their nature, and final details 
of construction are frequently best 
left to those making a specialty of 
this class of work. Manufacturers 
of equipment for the purpose gen- 
erally offer advisory or consulting 
service in connection with the instal- 
lation of their equipment. The su- 
perintendent or engineer in charge, 
however, should be familiar with the 
characteristics of the waste products 
of his plant and the general type of 
the devices used or methods appli- 
cable for their removal. He is then 
in a better position to judge intel- 
ligently the importance and neces- 
sity of such removal, and plan the 
best methods or equipment. It is the 
purpose of this series of articles to 
enumerate some of the common 
wastes which occur in the various 
industries, together with their ef- 
fect, and to describe briefly the gen- 
eral methods employed for their re- 
moval and the standard equipment 
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which may be used for this purpose. 
_ Ordinarily, outside air is satisfac- 
tory for ventilation although this is 
not always true in all industries and 
locations. Generally, it is only nec- 
essary to remove the dust from the 
outside air, although this is not al- 
ways sufficient, as will be explained 
later in this article, which will dis- 
cuss fume, gas and vapor removal. 
Some fumes, gases or vapors may 
have the appearance of being harm- 
ful, although they are only moder- 
ately so if carefully collected and 
disposed of, while others, which are 
less noticeable and often more dan- 
gerous, are entirely overlooked. In 
some industries where the presence 
of such objectionable by-products is 
a serious problem, their disposal is 
looked after very carefully; in other 
industries, where this is an incident- 
al problem, it may be overlooked. 
Fumes may be pungent, acid, cor- 
rosive and poisonous, depending up- 
on the particular chemical or proc- 
ess producing them. Because there 
are so many different diseases or 
other serious consequences which 
may result from inhaling some of 
these fumes, each plant must study 


| Source of rums or vapor 


Double hoods, such as this, create 
a high velocity circulation of air 
through the narrow slot around the 
edge of the hood and prevent the 
escape of fumes ino the room. 


its own problem carefully. The most 
serious hazards occur 


ical products. During the war, an 
extensive study was made of the 
fumes created in the manufacture of 
explosives, together with the effect 
on the workers and the methods of 
safeguarding them. 

Men in this and other chemical in- 
dustries are generally familiar with 
the hazards and the methods of over- 
coming them so that problems inci- 


in plants. 
manufacturing chemicals or chem- 
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dental to the treatment of the more 
hazardous gases and fumes will be 
treated rather lightly in this article. 
However, the general principles em- 
ployed in their removal are not dif- 
ferent from those used with prod- 
ucts less dangerous. The main prob- 
lem in removing the more dangerous 
fumes or gases is to exhaust them 
surely and quickly before they 


have had an opportunity of escap- 


ing and diffusing into the room. 
Even then workers must wear res- 
pirators, hoods or masks for their 
protection, which, however, does not 
decrease the necessity of exercising 
every precaution to remove the dan- 
gerous fumes or gases. | 

The reason for gas or fume haz- 
ards in the average plant of any ex- 
cept the chemical industry, lies in 
the fact that injurious gases or 
fumes are produced in probably only 
one or two of the many operations 
or processes in the whole plant. In 
other words, such hazards are con- 
nected with a minor part of the in- 
dustry and are outside of the ordi- 
nary experiences of the men in the 
plant. The most common industrial 
uses of acids which generate fumes, 


sulphuric, hydrochloric (muriatic), 


nitric and hydrofluoric acids, are in 
the pickling of iron or steel before 
galvanizing, tinning, enameling or 
applying some other coating or fin- 
ish. Some of the other industrial 
processes which give off gases or 
fumes due to the use of acid, which 
should be removed, are the manu- 
facture and charging of storage bat- 
teries, the manufacture of wood pulp, 
hats, leather, fertilizer, rubber, can- 
dies, glue, vinegar, and numerous 
other products, as well as in electro- 
plating, etching (both of copper and 
glass), bleaching, dyeing, cleaning 
and in producing special finishes on 
brass, copper and other metals. 
Alcohol, particularly wood alcohol, 
gasoline, naphtha, benzine and ben- 
zol fumes are both poisonous and 
explosives and so must be removed. 


Two views of the same installation 
which show the effect of using the 
exhaust system. 


In bleaching, dyeing and finishing 
in textile mills, the steam rising 
from the process would create such 
a fog that it would be almost im- 
possible to work, as the hot, moist 
atmosphere makes workers slug- 
gish. The upper photograph was 
taken when the exhaust system was 
not in operation. The lower of the 
two illustrations shows how condi- 
tions changed after the ventilating 
equipment had been operating ex- 
actly three minutes. This installa- 
tion was made by the American 
Blower Company, Detroit, Mich., at 
the Valkone Dye and Finishing 
Works, Philadelphia, Pa. 
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Types of Equipment for Removing Fumes 
Nine Typical Installations in Industrial Plants 
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A— Here 78, 18-in. roof ventilators (Globe Venti- 
lator Co., Troy, N. Y.) are installed on the ma- 
chine shop of the Heald Machine Co., Worces- 
ter, Mass. 

B—Another type of roof ventilator (B. F. Sturte- 
vant Co., Boston, Mass.) is used on this shoe 
factory. The wind blows into the small end 
of this ventilator and aspirates the air from the 
building as it passes through. 

C—These propeller fans (Autovent Fan & Blower 
Co., Chicago, III.) placed in the window draw 
warm, dry air past sheets of sandpaper to speed 
the drying of the glue. 


D—In this case, propeller fans (Ilg Electric Ven- 
tilating Co., Chicago, Ill.) are used to draw 
vapor from vats. This fan is driven by a totally- 
enclosed motor which gets its ventilation 
through the tube shown extending downward 
from the fan and out to the outside. 

E—This man cooler (American Blower Co., De- 
troit, Mich.) which is on the order of a huge 
desk fan, drives heat, fumes, and smoke from a 
galvanizing furnace away from the men and. up 
the hood into the flue. 

F. Instead of depending upon natural ventilation, 
Ilg propeller fans are placed in pent houses on 
the roof and draw the vapors out of the build- 
ing. The shutters on the front automatically 
close when the fan is not in operation. 

G—An Autovent blower in connection with an 
exhaust pipe and hoods over each machine is 
used to remove fumes and heat. 

H—In mechanical painting (W. N. Matthews 
Corp., St. Louis, Mo.) three totally-enclosed Ilg 
propeller fans are used to draw the paint va- 
pors away from the operator. 

In this Sturtevant installation in a hat factory, 
each machine is closely covered with a hood 
connected to a main exhaust line which removes 
the vapors without permitting them to diffuse. 
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MOWEST AIR 
FILTER 


Filtering paint-laden air where a 
paint gun is used. 


In mechanical painting booths the 
volatilized paint must be drawn 
away from the operator. To prevent 
the paint clogging the fan or dis- 
charging in the open, one method of 
removal provides for the insertion of 
a special air filter at the outlet of 
the booth and ahead of the exhaust 
fan, as shown in the accompanying 
sketch. In this way the paint is 
removed before it reaches the fan 
and so does not affect the fan nor 
contaminate the atmosphere. These 
filters, one type of which is made 
by Midwest Air Filters, Inc., New 
York City, are removed and cleaned 
by dipping them in a special solvent 
which removes the paint. 


Ammonia fumes are also irritating. 
Melting and casting of lead, brass, 
and some alloys also may cause poi- 
sonous fumes. Heat-treating fur- 
naces, particularly if cyanide is used, 
must also be guarded against. In 
mechanical painting or the applica- 
tion of other finishing materials by 
means of an air paint gun, some 
method of protecting the worker 
from the lead in the paint, which is 
frequently carried in a poisonous sol- 
vent which is volatilized in the air 
by the operation. This solvent, in 
many instances, is also somewhat 
poisonous, or at least obnoxious. 
Some processes create non-poison- 
ous water vapor which needs to be 
removed. Frequently, however, ob- 
jectionable fumes are mingled with 
the water vapor and so make its re- 
moval imperative. Water vapor is 


formed, for example, in paper-ma- 
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One method of preventing paint 
vapors from being discharged into 
the atmosphere. 


Where it is not desirable to permit 
paint fumes generated by the paint 
gun to be removed through the ex- 
haust system and discharged out 
into the air, a scheme such as this 
may be used. Here a special baffle 
is erected in the back of the paint 
booth between the painting opera- 
tion and the exhaust fan. This 
baffle consists of sheet metal chan- 
nels so arranged that the direction 
of the air is changed several times 
before it gets through to the ex- 
haust fans. As a consequence, the 
paint is deposited on the baffes. 
These may be cleaned by putting 
them in a solvent, although gener- 
ally a grease, paraffine or some 
other coating is placed over the 
baffie. When the baffie is disman- 
tled and placed in hot water this 
coating is dissolved and carries the 
paint away with it. This is one 
method recommended by The DeVil- 
biss Manufacturing Company, To- 
ledo, Ohio. 


chine rooms, foundries, bleacheries, 
dye-houses and finishing rooms, hat 
factories, laundries and other places 
where evaporation takes place from 
drying material or from an open 
bath of hot liquid. 

An excess of moisture in the at- 
mosphere is objectionable in various 
ways besides the enervating effect 
upon those subjected to it. A hot, 
moist atmosphere, which causes the 
formation of a fog, seriously inter- 
feres with rapid and efficient work 
on the part of the employes. Also, 
the condensation which settles upon 
the ceiling or other overhead struc- 


Another method of removing steam 
and vapor before they become dif- 
fused in the room. 


Here the inlet to the air duct, which 
is connected to an exhaust fan, is 
placed so as to draw the incoming 
air past the operator, over the vat 
and directly into the duct. This 
arrangement is used in connection 
with a sizing machine in a hat 
factory. 


ture of the building produces rapid 
corrosion or deterioration and also 
causes damage by dripping upon the 
materials in process of manufacture. 
This could not be permitted in tex- 
tile, food products and many other 
industries where the product would 
be made valueless, perhaps, by the 
introduction of foreign material. 


SOME OF THE METHODS OF REMOVING 
FUMES, GASES AND VAPOR 


A general rule to be followed in 
the removal of fumes and vapor is 
to catch them at their source, insofar 
as possible, and prevent their be- 
coming diffused throughout the 
room. Where the quantity of obnox- 
ious gases is small, so as to be well 
diluted with air, general room venti- 
lation may be sufficient, in many 
cases, to maintain the necessary de- 
gree of purity. Many buildings’ are 
provided with skylights and monitor 
construction which can be opened to 
permit impure air to escape. A few 
open windows in the lower part of 
the building, in warm weather, will 
admit incoming air and create an up- 
ward draft which carries the fumes 
or vapors up and out. However, it 
is well to remember that either the 
monitor windows on both sides be 
opened or, particularly in winter, 
only the monitor on the side oppo- 
site the wind be opened. Otherwise, 
the force of the wind will drive in- 


Hot, moist air is removed from 18 
slashers by a specal hood and ex- 
haust system connecting to a cen- 
tral exhaust pipe. 


The hoods fit down closely over the 
cylinders and prevent the moisture 
from escaping into the room, where 
it would condense on the ceiling and 
perhaps drip on to the product. In 
case a slasher is shut down, the 
hood may be closed off by the spe- 
cial damper in the pipe just above 
the hood. This installation was 
made by the B. F. Sturtevant Com- 
pany, Boston, Mass., at the River- 
side Cotton Mills, Danville, Vt. 
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coming air down and so retain the 
fumes or vapor in the room, instead 
of removing it. Monitors or sky- 
lights are frequently satisfactory in 
connection with the removal of a 
certain amount of smoke, fume or 
light dust arising from the general 
operations in the industrial plant. 

In general, hoods connected with 
a strong outward draft, should be 
fitted over the source of the offensive 
product as closely as practicable 
without interfering with the work- 
ing space required for the operative. 
Sometimes hood and general room 
ventilation may be combined to good 
advantage, thus securing better re- 
sults for a single cost of operation. 
In handling a fume or gas of any 
kind, the first point to be ascertained 
is whether it is lighter or heavier 
than air. If lighter, the hood and 
exhaust opening should be located 
above, so that the gas will naturally 
rise into it when accelerated by the 
induced draft. 

This may be illustrated by the 
case of a forge shop where ventila- 
tion is best accomplished by placing 
a hood over each individual forge 
and connecting it with the trunk line 
leading to an exhaust fan. This not 
only catches the smoke and gases as 
they arise from the fire but also fur- 
nishes a certain amount of general 
or room ventilation when supple- 
mented by an abundant supply of 
fresh, tempered air to replace that 
which is constantly drawn off by the 
hood. Frequently monitor roof con- 
struction is also used to draw off any 
gases which escape the hood, as well 
as the heat of the forging operation. 

The form of hood and velocity of 
flow both have an important bearing 
upon the effective removal of gases 
which are lighter than air. In the 
case of those gases or fumes which 
are not especially offensive, or where 
they are well mixed with air, good 
results are obtained when the lower 
edge of the hood is placed about 18 
to 20 in. above the point where the 
gas is produced, providing that the 
edges of the hood have a good over- 
hang and the air velocity is not less 
than 200 ft. per min. over the entire 
bottom of the hood. 

It is sometimes necessary in the 


Vapor-proof lighting fixtures are 
necessary features around explosive 
or inflammable gases. 


In this du Pont installation indi- 
vidual hoods are placed over the 
charging hoppers. A main floor ex- 
haust duct is located in the right 
foreground, with fresh air supply 
ducts along the right-hand wall and 
also in the center bay of the build- 
ing, near the ceiling. 
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Here the fumes are removed be- 
fore they rise high enough to get 
to the worker. 


The inlets to the exhaust pipe are 
placed low, just above the edge of 
the vat, so that they can draw off 
all obnoxious fumes or vapors be- 
fore these diffuse into the room. 


application of fans for the removal 
of smoke and fumes, to so design 
the hood that it will not be in the 
way of the workman and still be 
capable of catching the noxious gases 
before they get into the room. Most 
failures in such installations are due 
to the hood being too small. To de- 
termine the dimensions for such a 
hood, it is good practice to make the 
mouth of the hood extend out over 
the kettle or furnace at least 6 in. 
in every direction, when the hood is 
not elevated over 2 ft. above the sur- 
face of the kettle or furnace. For 
every additional 2 ft. of elevation, 
the size should be increased 6 in. 
each way. 

Ordinary practice is to make the 
area of the branch pipe at least 
1/16th of the hood area. For in- 
stance, a furnace 2 ft. by 4 ft. with 
the bottom of the hood 4 ft. above 
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it would take a hood 4 ft. by 6 ft. 
The area of the pipe would be 1/16th 
of this, or 14% sq. ft. The branch 
pipe should, therefore, be approxi- 
mately 17 in. in diameter, and the 
velocity at the mouth of the hood 
under average conditions would be 
between 100 and 200 ft. per min. 

It frequently happens in manufac- 
turing processes that poisonous and 
noxious gases have to be removed in 
a more efficient manner. If the plant 
engineer should attempt to exhaust 
sufficient air through a hood to cre- 
ate enough suction at the mouth to 
gather in all the fumes, the size of 
the pipe and the quantity of air to 
be handled would frequently be out 
of all reason. This situation can be 
very satisfactorily avoided by the 
use of a double hood with about an 
inch clearance between the outside 
and inside sections along the edges. 
The inside hood is then tapered back 
and the pipe is so connected that suf- 
ficient air is drawn up around the 
edges through the small area be- 
tween the inside and outside sections 
to create a velocity of about 1,000 ft. 
per min. in this slot and about 75 
to 100 ft. per min. over the central 
area. A high velocity, therefore, 
exists around the edge of the hood 
and any gases that do not naturally 
rise into the central opening are 
sucked in before they escape into 
the room. Two of the sketches re- 
produced with this article show how 
these double hoods are constructed 
and installed. 

Fumes which are heavier than air, 
such as those from storage batteries, 
gasoline, and the gases formed in 
brass and iron foundries, require a 
somewhat different treatment. In 
most cases of this kind, a downward 

(Please turn to page 304) 
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Taking and Recording 
Rewinding Data 


On D.C. Armatures so That the Details of the 
Winding Can Be Readily Understood and the Job 
Handled Properly by Any Winder 


By A. C. ROE 


Renewal Parts Engineering Department, 
Homewood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


V 5 repairing direct-cur- 
rent armatures, particularly 
when it is necessary to re- 

move the old winding and rewind 

the armature with new coils, it is 
essential that the winding data be 
recorded in a manner that is easily 
understood by other winders in the 
shop. By winding data, we refer to 
such connection information as lead 
pitch, lead throw, coil pitch, and the 
like. There are several rules and 
methods for taking data; also, each 
type of winding has its own peculiar- 
ities. Therefore, this article will be 
confined to describing the various 
types of connections and the methods 
of taking and checking the rewind- 
ing data necessary for them. 

The first step is to develop a sys- 
tem of recording the data that are 


NO. ARMATURE SLOTS 

NO. COMMUTATOR BARS _!15 

REFER TO FIGURE 

THROW OF COILS, a- 
RIGHT, C-D 


I-30 


required in the armature winding 
room. This usually consists of a 
card filing system or blank notebook 
in which each winder puts his notes. 
In some shops, a blank form has 
been developed which standardizes 
the method of taking and listing the 
data. In any system that may be 
used for recording this information, 
the following are the items that 
should be listed in order to insure 
that sufficient information has been 
taken to rewind the armature in the 
correct manner: 


Figs. 1 and 2—Here is a very com- 
prehensive method of taking arma- 
ture data. 


The data are recorded on cards 
made up in a manner similar to that 
shown in Fig. 1. Reference is made 
to sketches shown in 2 for 
ppor ac dimensions, depending upon 
the type of winding at is used. 
Fig. may be printed on the back 
of Fig. 1, or each winder may be 

rovided with a chart similar to Fig. 
. Details regarding the use of eac 
sketch in Fig. 2 are given in the 
text of this article. 
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HOW OFTEN DOES it hap- 
pen that, after an armature 
has been stripped, it is found 
that someone has forgotten 
to notice or record some im- 
portant detail of the rewind- 
ing data? Mistakes of this 
kind are often costly. In 
this article Mr. Roe describes 
several systems for taking 
down the complete data in 
such a manner that any 
winder can readily under 
stand and use it and which 
will insure that all of the 
important data are recorded. 


1) Order number to which all time 
material are to be charged. 

(2) Customer’s name or department 

to which the armature belongs. 

(8) Nameplate rating of the motor, 
that is, the horsepower, voltage, speed, 
number of poles, type, frame number, 
and any other identifying marks that 
may be on the nameplate. 

(4) Number of slots in the arma- 


re. 

(5) Total number of bars. 

(6) Turns per coil. 

(7) Size of wire. 

(8) Number of wires in parallel per 
coil, or the number of wires per com- 
mutator bar. 

(9) Pitch of coil. 

(10) Number and size of bands; that 
is, the width and location of the band. 
Size of banding wire. 

11) Style number of armature. 

12) Serial number of armature. 

(13) Distance that the end winding 
projects ond the core, and in some 
cases, me istance between the bottom 
of the winding and the shaft. 


an 
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(14) Distance from the front of the 
commutator bars to the end of the shaft 
or oil thrower, or any other fixed point 
that will insure the commutator being 
pressed to the right distance on the 
shaft. 


Item 13 is very important be- 
cause in a large number of the older 
types of motors, the end housing has 
ribs on the bearing housing which 
project into the frame along the 
shaft and if the winding drops down 
or projects too far, it will rub. A 
winding that is otherwise good may 
thus be ruined. 

Item 14 is important when the 
commutator has to be removed from 
the shaft for repairs, particularly so 
if the field frame is not in the shop 
and it is desired to press the com- 
mutator to the correct position on 
the shaft so that it will not inter- 
fere with other parts of the motor. 

We will now consider a number 
of different forms that have been 
used for recording the data that we 
have just described. A simple form 
that may be used for both lap and 
wave windings is shown in Fig. 3. 
In this form, space is provided for 
recording the nameplate data as well 
as the number of slots and number 
of commutator bars. At the top of 
the form are two sketches: The one 
at the left is for use with wave wind- 
ings and the one at the right is for 
use with lap windings. On these 
sketches, the dimension AB is the 
coil pitch and is recorded in the 
proper space on the form. In deter- 
mining the coil pitch, AB, A is the 
slot in which the bottom conductor 
lies, and B is the slot in which the 
top conductor of this same coil lies. 
For wave windings, the following 
lead throws are also recorded: EF, 
which is the top lead throw; CD, 
which is the bottom lead throw; and 
CF, which is the total throw of the 
leads, or the lead pitch. In using 
the wave winding sketch, that is the 
diagram at the left, for windings 
having three or five coils per cell, the 
middle coil should be used for laying 
off and taking the data. 

A more comprehensive method of 
taking the data than the method 
just given is by the use of the forms 
shown in Figs. 1 and 2. Cards or 
blank pages may be printed in a 
manner similar to Fig. 1, or a rubber 
stamp may be made up similar to 
Fig. 1, and stamped on any suitable 
sheet of note paper. Each winder 
would then be provided with a blank 
similar to Fig. 1, and one chart sim- 
ilar to Fig. 2, or this chart may be 
stamped or printed on the back of 
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the data sheet. Then, in recording 
the data, the winder would fill in the 
seventh line of Fig. 1 with the 
proper reference to the particular 
diagram in Fig. 2 that was used. 
When taking data on a wave wind- 
ing that has the same number of 


No. Commutator Bars 


Refer to Figure 


Throw of Coils, A-B 


Fig. 3—This simple form may be 
used for both lap and wave wind- 
ings. 

The coil throw and lead throw are 
measured as indicated by the dia- 
grams at the top of the form. The 
diagram at the left is for wave 
windings, while that at the right is 
for lap windings. 


slots and commutator bars, refer- 
ence would be made to G of Fig. 2, 
in the seventh line of the form 
shown in Fig. 1. If the wave wind- 
ing has twice as many commutator 
bars as slots, reference would be 
made to H of Fig. 2. If the wave 
winding has a dead coil, reference 
should be made to both H and N of 
Fig. 2; for example, a winding hav- 
ing 49 coils and 97 bars. If the 
armature has a wave winding using 
47 slots and 94 bars, and was in- 
tended for use with a four-pole ma- 
chine, thereby giving a half-idle 
bar, H and P would be the dia- 
grams referred to. Diagram J of 
Fig. 2 is used for windings having 
three coils per cell, while diagram K 
is used for windings having four 
coils per cell and diagram L for 
windings having five coils per cell. 
Diagrams M and R are for use with 
lap windings. 
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In the foregoing several simple 
methods for recording the rewinding 
data have been described. It will be 
found that the needs of many small 
repair shops for an adequate sys- 
tem of taking off winding data will 
be amply filled by the forms that 
have just been described, while the 
conditions encountered in large shops 
handling a great variety of motors 
will be met by the use of the sys- 
tem that will be described in what 
follows. This system is such that it 
will accommodate special windings 
and windings which have unusual 
features that cannot be easily de- 
scribed in the forms that have just 
been presented. 

This system consists of the data 
sheet shown in Fig. 4, and the chart 
in Fig. 5. For convenience in filing 
and keeping the data so that they 
can be readily located at some future 
date, the forms shown in Figs. 6 and 
7 may be added. 

The data sheet, shown in Fig. 4, 
will cover practically every case met 
with except that of special cross- 
connected armatures, having taps to 
slip rings. This form can be made 
up on a rubber stamp about 4 in. by 
6 in. in size, and stamped on the 
pages of an ordinary notebook. It is 
better, however, to furnish each 
winder with a number of 4-in. by 6- 
in. printed cards similar to the one 
shown in Fig. 4. The winders record 
the data for each job on these cards 
and then turn them over to the fore- 
man, who places them in a card file. 
While the jobs are in process, the 
cards are filed under the customer’s 
name. After the job is completed, 
the cards are placed in another file 
and arranged according to the name 
of the manufacturer of the armature 
that was repaired; that is, Westing- 
house, General Electric, Century 
and so forth. As the group of cards 
under each manufacturer’s name be- 
comes larger, the cards can be subdi- 
vided into groups according to horse- 
power, and, later, as the number of 
cards becomes still larger, each 
group under one horsepower classifi- 
cation can be subdivided into smaller 
groups classified according to speed 
and voltage. This is a valuable rec- 
ord for any shop to have. Often an 
armature is received for repairing 
and there is some doubt as to the 
way it should be rewound. If a 
check is made in the card file on the 
same type of armature it will often 
be found that the job received has 
the wrong size of wire or that some 
important detail is not standard. 
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The top line of the form shown in 
Fig. 4 provides a space for the order 
number and the customer’s name. On 
the next line are recorded the horse- 
power, voltage, speed, and full-load, 
ampere rating of the motor. The 
third line provides a space for the 
name of the manufacturer of the 
motor and the type and frame size. 
The number of bars and slots and 
also the number of wires per bar 
(W-B) are recorded on the fourth 
line. The term “wires per bar” 
means the number of active leads 
from the coils that connect to one 
commutator bar and does not include 
any dummies or fillers. This is a 
check upon the number of wires 
used in winding the coil. For in- 
stance, let us assume that we are 
winding an armature having 71 bars 
and slots and four wires per bar, 
using three turns of No. 11 double- 
cotton-covered wire. Since one-half 
of the number of wires per commu- 
tator bar equals the number of wires 
in parallel per single coil, the coils 
for this armature would be wound 
with three turns of two No. 11 
double-cotton-covered wires in paral- 
lel. Let us take another case of an 
armature having 55 slots, 165 com- 
mutator bars, four wires per commu- 
tator bar, and using two turns of 
No. 10 double-cotton-covered wire. In 
this case we have three times as 
Many commutator bars as slots and 
consequently each winding unit or 
complete coil will consist of three 
single coils, each single coil being 
wound with two turns of two No. 10 
double-cotton-covered wires. Each 
winding unit or complete coil will 
have twelve leads; that is, six top 
leads and six bottom leads. 

Recording the data by using the 
number of wires per commutator 
bar, the number of turns per coil, 
and the size and kind of wire is a 
better check than putting the coil 
data down as two turns of six No. 10 
wires, or in some cases, three turns 
of two No. 15 wires. In the latter 
case, there is a chance of reading 
this information as three turns of 
four No. 15 wires when there are 
twice as many bars as slots. 

On the fifth line are recorded the 
turns per coil, and the size and kind 
of wire used; that is, No. 10 square 
d.c.c., and so forth. Any marking or 
numbers appearing on the shaft are 
put down on the sixth line. 

The banding information is re- 
corded on the seventh line. This is 
very important and should include 
not only the size of banding wire 
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used but also the location and over- 
all size of the band. The width of 
the end band should be noted and in 
the case of high-speed machines 
special attention should be paid to 
the kind of banding wire that is 
used. The spacing of each wire in 
the various bands should be noted 
and in the case of wide bands it 
should be determined whether they 


Order No................Customer 

«; Ype esei 

No. Slots Na Bars. WBB. 22. 
Size Wire 

Shaft Marked 
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Remarks... 


Fig. 4—Here is a data sheet that is 
very flexible and will fit practi- 
cally every case encountered, ex- 
cept that of special cross-connected 
armatures having taps to slip 
rings. 


In using this form, the slots hold- 
ing the top and bottom coil sides of 
one coil should first be located. Call 
the slot holding one coil side, slot 1, 
and count from this slot as a base 
to obtain the number of the slot 
holding the other coil side. The 
commutator bars to which the leads 
of this coil are connected should 
be located next. These bars are in- 
dicated at the extreme right and 
left of the diagram. Finally it is 
necessary to locate what part of the 
commutator lines up with slot 1. If 
slot 1 lines up with the center of a 
commutator bar, we would use the 
top row of bars shown in the dia- 
gram, and number it, counting from 
bar 1. If slot 1 lined up with the 
mica between two bars, we would 
use the bottom row of bars shown 
in the sketch and number the bars 
on each side of the mica according 
to the distance from bar 1 


are split into sections by the use of 


insulating material. In some cases 
it will be found that the core bands 
have a strip of tin of a width equal 
to the band, and which extends 
around the armature under the 
band. This is found principally on 
railway armatures. Using tin under 
a core band in place of insulation 
such as fullerboard or fibre will in- 
sure a tight band. Insulating mate- 
rial will dry out in time and the 
band will work loose, whereas with 
the tin strip, the banding wire is 
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soldered directly to the tin thereby 
making a permanently tight band. 

The last three lines of the form 
provide room for recording any 
other data that seems necessary re- 
garding the winding. The dimension 
indicated at E of the sketch below 
the data is for recording the dis- 
tance that the coil ends project be- 
yond the coil. 

In using the form shown in Fig. 4, 
the following procedure will be 
found very convenient for recording 
the data: 


(1) Fill in data on upper part of 
card. 
(2) Count number of slots and bars. 
(3) Check for dead coil, half-idle 
bar, etc., and enter details under 
remarks. 


(4) Locate the slot in which any top 
coil lead falls and call it slot 1. 

(5) Mark teeth on each side of this 
slot. 

(6) Mark the commutator bar to 
which the lead selected connects and 
call it bar 1. 

(7) Check end room, and enter at E 
of sketch. 

(8) Lift coils and locate slot in 
which falls the bottom coil side of the 
coil selected in (4). Using slot 1 as a 
base determine slot number for this 
coil side and record on sketch. 

(9) Light out bottom lead. Using 
bar 1 as a base, determine number of 
commutator bar to which this lead 
connects. 

(10) Mark slot holding bottom coil 
side of the coil selected at (4) and also 
mark the commutator bar to which the 
bottom coil side connects. 

(11) Determine bottom lead throw. 

(12) Count lead pitch. 

(13) Count coil pitch. 

In Fig. 5 are 13 different applica- 
tions of the data sketch shown at the 
bottom of the form in Fig. 4. The 
layouts shown at I, II, III, IV, V, VI, 
VII, VIII, and IX are for wave 
windings. Those shown at X, XI, 
XII, and XIII are for lap windings. 
In J, Fig. 5, is shown the sketch for 
an armature having the same num- 
ber of bars and slots and in which 
the brushes fall on the center line of 
the poles. As can be seen, the center 
line of slot A falls on the center line 
of bar D. Inasmuch as the coils per 
cell will equal the total number of 
bars divided by the total number of 
slots, in this case there will be only 
one coil per cell. 

In II of Fig. 5, is shown a devel- 
oped sketch for an armature having 
twice as many bars as slots and 
which also has a dead coil. Since 
there are twice as many commutator 
bars as slots there will be two coils 
per cell. In any winding having a 
dead coil and more than one coil per 
cell, the idle coil should be the first 
single coil on the right, as shown in 
II of Fig. 5. The dead coil should 
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be in the first complete coil or wind- 
ing unit that is put in the armature. 
In the sketch shown at II, the center 
line of slot A falls on the mica to the 
left of bar D. This is an important 
part of the winding data and should 
be recorded as shown in the sketch. 
In III of Fig. 5 is shown the devel- 
oped sketch for an armature having 
three coils per cell, all coils of which 
are active. In this case it will be 
seen that the center line of slot A 
falls on the center line of bar D. 
The sketch shown at IV is for an 
armature having four coils per cell 
including one dead coil. The sketch 
shown at V has five coils per cell. 
The sketches shown at VI and IX 
of Fig. 5 show two methods of re- 
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cording the data for an armature 
having a half-idle bar; that is, for 
an armature having one bar too 
many. This type of winding is used 
on a number of the old machines in 
which the same armature or commu- 
tator was used for a lap as well as 
for a wave winding. As a lap wind- 
ing generally has an even number of 
bars and a four-pole wave winding 
requires an odd number of bars, it 
follows that when an armature hav- 
ing an even number of bars is used 
for a wave winding, there will be 
one bar too many. For example, if 
an armature having 49 slots and 98 
bars is used for a wave winding, it 
will be necessary to jump two bars 
together so as to make the equivalent 
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of 97 bars, which would be required 
for this type of winding. In dia- 
gram VI this is accomplished by 
soldering the two top leads together 
at a convenient point and bringing 
two leads out from the junction to 
the two commutator bars as shown. 
The bottom lead of the right-hand 
single coil is dead-ended; that is, it 
is cut off and insulated from the ad- 
jacent bottom lead. The soldering 
together of the top leads forms a 
short jumper between bar F and the 
adjacent bar to the right. In con- 
necting the armature, care should be 
taken that a bottom lead is not con- 
nected to the bar marked with a 
cross. The best way to avoid the pos- 
sibility of this happening is to lay off 
the distance CD and CF when put- 
ting on the first coil and then fill the 
bar next to the right of bar F with 
dummies, or short pieces of wire of 
the same size as used in the coils. 
Diagram IX of Fig. 5 shows the 
long-jumper method of laying off a 
half-idle bar connection. With this 
method the bottom lead of the right- 
hand single coil is soldered to the 
bottom lead of the second single coil. 
One lead from this junction is 
brought out to bar C, as is shown in 
the diagram. The two top leads are 
brought out to two bars, as shown 
at the left of diagram IX. The same 
precaution should be taken in laying 
down the bottom leads as was men- 
tioned for the short-jumper type of 


Fig. 5—These diagrams illustrate 
the method of recording data for 
lap- and wave-wound armatures. 


In all of these diagrams, the teeth 
on each side of the slot are marked 
with crosses. For instance, in dia- 
between the 


gr 
cell instead of two slots having one 
coil per cell. The slot holding a 
bottom coil side for any. particular 
coil is marked with one cross on 
each tooth, as shown at slot A in 
a of the above diagrams. A slot 
holding the top coil side of any par- 
ticular coil is marked with two 
crosses on each tooth adjacent to 
the slot, as shown at slot B in any. 
of the diagrams. The dots placed 
beneath certain commutator bars in- 
each of the diagrams represent cen- 
ter punch marks on the bars. These 
are used to distinguish the bars that 
are connected to the winding unit or 
coil that lies in the slots marked 
with the crosses. If there is more 
than one coil per cell, two punch 
marks are used to indicate the par- 
ticular bars belonging to one coll. 
This is preferably the center coll 


OD rep- 
counted 
off in commutator slots; OF repre- 
sents the total throw of the leads; 
that is, the lead pitch, and is moas- 
ured in commutator slots. Diagrams 
I, II. III, IV, V, VI. VII. VI and 
IX are for wave windings, while 

XIII are 


and is measured in aiota, 


diagrams X, XI, XII, and 
for lap windings. 
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connection, described in the ener 
ing paragraph. l 

Digram VII of Fig. 5 is for a 
wave winding in which the brushes 
are on the center line of the neutral 
region. The bottom leads are con- 
nected straight out, as shown, be- 
tween slot A and commutator bar F 
in diagram VII. Hence, all the 
throw is in the top lead. The top 
slot is, therefore, used to locate the 
lead throw CD. 

At this point, it might be well 
to draw the distinction between 
“lead throw” and lead pitch.” Lead 
pitch refers to the total distance, 
measured in commutator bars, be- 
tween the top and bottom leads of 
any one single coil, as CF in I of 
Fig. 5. On the other hand, lead 
throw refers to the distance be- 
tween a commutator bar which is in 
line with a slot containing a coil, 
and the bar to which one of the leads 
in the slot mentioned connects, as 
CD of I in Fig. 5. Consequently, in 
a wave winding with the brushes on 
the center line of the poles, there 
is only one lead pitch, but there are 
two lead throws: a bottom lead throw 
and a top lead throw. In some cases, 
the two lead throws are alike, while 
in other cases they are unequal. 

Diagram VIII of Fig. 5 shows a 
layout for a wave winding that has 
the brushes on the center lines of the 
poles, and in which the arrangement 
of the winding is such as to prevent 
the bottom leads from having a 
right-hand throw. This would be the 
case in an involute winding, such as 
used in some of the early types of 
armatures made by the General Elec- 
tric Company and the Otis Elevator 
Company. The bottom lead forms 
part of the coil and is brought over 
to the left and out at the center of 
the coil and connected to bar C. No- 
tice that with this arrangement, the 
throw CD has been inverted, so as 
to preserve the meaning of CF, 
which is the lead pitch. 

Diagram X of Fig. 5 shows the 
layout for a lap winding having one 
coil per cell, while diagram AI shows 


Slots bar AB |CF |CO 
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the layout for a similar winding 
having two coils per cell. Diagram 
XII shows a lap winding having 
three coils per cell. 

Diagram XIII shows how the data 
are recorded for a lap winding with 
the brushes on the center line of 
the neutral region. The bottom slot 
A is used to locate the lead. This 
is more accurate than saying that 
the top leads are connected straight 
out, or connected 1-and-2, etc., as in 
most cases a fractional coil pitch is 
used. This means that the lead must 
have a slight throw and the method 
given in diagrams X, XI, XII and 
XIII will show this. 

Diagram XIV of Fig. 5 shows the 
method used to line out from a slot 


to the commutator for armatures 


having skewed slots. Notice that the 
line starts at the cénter line of the 
slot at the center of the coil. In 
other words, don’t line out from the 
commutator end of the core, but in 


No.of slots 
AB. COO 


Fig. 6— This card may be used in- 
stead of the one shown in Fig. 4. 


The winder is provided with a chart 
similar to Fig. 5, and from this 
chart he selects the diagram similar 
to the winding on which he is tak- 
ing data. The reference number of 
this diagram is recorded on the card 
in the space marked Fig.“ 


every case drop back to the center 
of the core and to the center line 
of the slot. 

Fig. 6 shows a card developed for 
use with Fig. 4. This card provides 


Fig. 7—For convenience in filing, 
the data taken on a number of the 
cards shown in Fig. 6 are consoli- 
dated on this card. 


o Coil | Lead |Lead|_ | Turns Wires 
pitch pitch | throw Fig per Size per 
coil Wire bar 
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for the same information as shown 
in Fig. 4, but in the fifth line the 
letters AB, CD and CF appear. 
These correspond to the letters 
shown in diagrams Z to XIII of Fig. 
5. The procedure followed is as giv- 
en herewith: 

Each winder is supplied with a 
chart similar to Fig. 5. In filling 
out the card, the winder first fills in 
the coil pitch AB. Then the lead 
throw CD is counted off on the com- 
mutator and recorded on the card. 
The lead pitch CF is next counted 
off and the reference figure (shown 
on Fig 5) that applies to this wind- 
ing is then recorded on the card. 
After recording all the data, the card 
is turned in to the foreman and a 
card similar to the one shown in 
Fig. 7 is filled out. These cards 
are 8 by 10 in. in size. They are 
filed according to the manufacturer 
of the motor. In each manufactur- 
er’s section of the file the cards are 
again subdivided one to horse- 
power. 

A card system is a great deal bet- 
ter than the notebook method of fil- 
ing winding data, for after a num- 
ber of notebooks have been filled 
with data it becomes quite a job to 
locate the data on an old repair or- 
der. For example, suppose we have 


a 10-hp. standard make of motor in 
the shop for repairs. 


The winding 
data that were taken do not seem 
to be correct and it is thought best 
to check with a previous repair job. 
With the notebook method of re- 
cording data, we would have to guess 
at the date at which we think a sim- 
ilar job was done and then pick up 
the book that we guess was used 
about that time. We then thumb 
through the pages until the required 
data are located. With the card sys- 
tem we would go directly to the sec- 
tion covering motors made by the 
manufacturer of the motor in ques- 
tion. In this manufacturer’s sec- 
tion, we would then look for the card 
referring to motors of a certain 
horsepower and the desired data 
would be quickly found. 

In the foregoing article we have 
discussed a simple method for re- 
cording armature winding data, a 
more comprehensive method of tak- 
ing down these data, and a still more 
complete system for recording these 
data. The next article of this series 
will take up other methods used for 
tabulating winding data and will go 
into detail regarding methods that 
may be used for recording the data 
on special types of windings. 
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N THESE days initiative 
and originality, unself- 
ishly applied, are the 
marks that distinguish the 
brand of ability that ele- 
vates to positions of au- 
thority and responsibility from the ordinary variety. 
Most companies watch for these signs among employes 
and have a way of finding larger and still larger places 
for the full growth and development of these evidences 
of future leadership in their organization. 

Engineering societies have for years provided ways 
to extend recognition for worthy services and develop- 
opment work for the professions they represent. The 
American Institute of Electrical Engineers has its Edi- 
son medal, John Fritz medal, and Lamme medal. The 
American Society of Mechanical Engineers has its 
A. S. M. E. medal, the Holly medal and the Melville 
medal. The National Electric Light Association has 
its Coffin medal, and the Doherty medal and there are 
many other medals, prizes and scholarships, for the 
most part awarded to honor appropriately those who 
have accomplished a meritorious achievement in the 
arts and sciences. 

Now comes announcement of four James H. McGraw 
medals for electrical men in three branches of elec- 
trical work: namely, the manufacturing branch, the 
jobbing branch and the contractor-dealer branch. These 
awards have three objectives: 

(1) To give public recognition and reward for ideas 
which have been contributed to the common good by 
individuals in the electrical industry. (2) To give 
publicity to these ideas, that they may have wider 
application and employment. (3) To stimulate and 
encourage electrical men to think constructively for 
the broad improvement of the electrical industry and 
to carry through the ideas that occur to them. 

To the electrical industry on the basis of its com- 
mercial subdivisions, this is the most extensive recog- 
nition of individual enterprise and achievement that 
has heretofore been set up and opened to men in all 
departments of the branches specified. Besides this, it 
sets up an annual test by which the thinking and ac- 
complishment of today can be measured with that of 


A Way to Get 
Recognition for 
Things You Do 
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yesterday in commercial progress on the same high 
plane of excellence of service to industry in any of 
its branches or as a whole as heretofore extended to 
engineers and scientists. 

Through these awards we believe many discoveries 
of human intellects developed far beyond our expecta- 
tions will be found year by year and their work brought 
forth to mark them as men devoted to a purpose and 
determined to elevate the electrical industry from a 
commercial standpoint to the high rank that it justly 
merits as a public service. 

By these medals shall electrical men in commercial 
work be known. We hope that our readers who are 
eligible to compete for these awards will grasp this 
opportunity to gain recognition for the ability that in 
them lies. 


HERE has been a defi- 

nite trend toward the 
use of high-speed, induc- 
tion motors for the roll 
drives in steel mills and 
other applications requir- 
ing a low speed. This has been brought about by the 
development of unusually efficient gears having a long 
life, and because the high-speed induction motor is 
much more efficient and has a better power factor than 
the low-speed induction motor. 

Through the improvements made to the starting 
winding of the synchronous motor and also due to the 
use of improved magnetic clutches and other devices, 
the synchronous motor of today is able to develop much 
higher starting and pull-in torques than formerly. This 
has resulted in the application of synchronous motors 
to slow-speed drives on which it has been considered 
impossible to use such motors. In fact, one manufac- 
turer is openly advocating the application of synchron- 
ous motors to certain steel mill, main roll drives. Steel 
mill, main roll drives are notorious for the starting 
torque required. 

In deciding between the two types of drives certain 
factors must be considered such as over-all efficiency, 
maximum demand, power factor, ease of control, reli- 
ability, and relative cost. 

What is going to be the outcome? Are we going 
to see a reversal in tendency from the use of high- 
speed induction motor units to the use of slow-speed, 
synchronous motors direct connected to the slow-speed 
machine? INDUSTRIAL ENGINEER would like to get the 
opinions of users and manufacturers on this question. 


Is the 


Slow-Speed Motor 
Coming Back? 


— 


NE of our readers who 

has had many years 
of experience in repairing 
and testing all kinds of 
electrical measuring in- 
struments, recently made 
the following statement: “It is not unusual to find 
watt-hour meters which have been in constant use for 
several years in industrial plants and in all of that 
time they have received no attention whatever. If the 
users only knew what some of these neglected instru- 
ments may be costing them, they would realize that 
money spent for overhauling and calibration of their 
meters is well invested.” 


How Often Do You 


Have Your Meters 


Overhauled? 


— 
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Recording instruments, and indicating instruments 
as well, go about their work quietly and perhaps it is 
only natural to assume, without thinking very much 
about it, that as long as the moving element rotates, 
or the needle indicates so many volts or amperes, 
everything is all right. Nevertheless, the fact is some- 
times overlooked that the amount of power acting on 
the moving parts of meters is small and that any in- 
crease in the friction is certain to result in slowing 
the meter down. The oil in the bearings usually be- 
gins to deteriorate after a few months of service, so 
that its usefulness as a lubricant slowly decreases. 
Besides this, various other conditions, which are 
largely the result of natural wear and tear, tend to 
decrease the accuracy of a meter. 

The watt-hour meter has been called the cash register 
of the electrical system and this comparison is an apt 
one. The sole purpose of this instrument is to measure 
a commodity which is produced, sold and paid for just 
like any other commodity. If it does not perform its 
functions properly, errors which may be costly when 
figured in dollars and cents, are very likely to result, 
although they may not be detected at once. 

Failure to have these and other electrical measuring 
instruments overhauled and checked up at reasonably 
frequent intervals is an example of the kind of economy 
that carefully hoards pennies in one pocket and allows 
dollars to run out of a hole in some other pocket. 


—_—— f= 


N RECOUNTING some 
of his experiences, an 
engineer who has long been 
engaged in industrial plant 
work expressed some inter- 
esting opinions on the type 
of executives in a certain plant. Referring to a change 
which he had proposed in the building layout he said: 


“This job came up a good many years ago and was an 
example of the laboriousness with which some folks will 
go around a post or column as though it were one of the 
pyramids. At the time, that job and a number of others 
aroused a bit of feeling which has only within recent years 
subsided to the extent of potung the principals on speaking 
terms. So long as I made a slight improvement here and 
there, my work was commendable enough. But when I 
proposed a major operation, such as changing the layout 
sponsored by someone in authority, then I was treated as 
though I were trying to take from religion its most helpful 
tenet. The change was eventually made, but only after 
persistent argument—and I had to handle the problem like 
a Richelieu.” 


This may well have been an extreme case of a certain 
attitude of mind which the necessity for doing things 
in the most efficient manner, in order to meet competi- 
tion, has forced into the background. Nevertheless, 
most of us are inclined to feel that the ideas and 
schemes which we have worked out have much to rec- 
ommend them, and we do not like to see them discarded 
or materially altered by someone else. Within limits 
this is a perfectly justifiable and proper way to feel 
about the work which we have done. If one does 
not have faith in his ideas and the work he is doing he 
will not go very far. For this reason it requires an 
unbiased mind, breadth of vision, and sometimes a good 
deal of moral courage to admit that someone else can, 
or has, improved on our work. 

Before you give an adverse decision the next time you 
are called upon to approve plans which involve changes 


Don’t Let 
Personal Feelings 


Handicap You 


b 
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in some method, process, or whatnot, which you have 
worked out, ask yourself whether your decision is based 
on personal feelings or on sound engineering principles. 

In business, engineering work, or any worth-while 
field of endeavor, there is no room for personal feelings 
or dislikes. Every proposition should be considered 
strictly on its merits. Anyone who attempts to handle 
a job on any other basis is putting himself under a 
heavy handicap and thereby seriously lessening his 
chances of real success. 


— 


HE maintenance engi- 

neer is confronted con- 
tinually with difficulties. 
Interruptions to operation 
in the path of power serv- 
ice, which may be due to 
breakdowns, or to any one of the multitude of causes 
which are responsible for service below par, are faced 
in his everyday work. His success or failure and the 
extent to which he keeps out of “hot water” depend 
upon how he meets these difficulties. 

Some industrial men responsible for maintenance 
work have those under them handle each job as they 
come to it; these workers adjust a spring, tighten a 
bolt or belt, replace a worn or defective part or patch 
it up and rush on to answer another waiting call for 
help. In other words, they are handy men with their 
job always two or more jumps ahead of them. Such 
men solve each problem as it comes up, instead of try- 
ing to ascertain some of the whys and wherefores and 
prevent these problems from arising. 

In impressive contrast is the work of a maintenance 
engineer’s department which is largely free from this 
hustle and bustle. Of course, the unexpected happens 
and breakdowns or other interruptions of service do 
occur, but they are the exception rather than the rule. 
When the unexpected does happen, men who are able 
to diagnose the trouble and prescribe the most effective 
remedy are immediately dispatched to handle the job, 
because their ordinary work is not of an emergency 
character and they can leave it. 

In such cases the question immediately arises, “How 
does the man responsible for maintenance work man- 
age to keep everything going so smoothly?” The an- 
swer invariably is that he has studied his job; he 
knows what is the cause of each type of trouble and 
about how often it occurs. This knowledge has shown 
him where to direct attention before the trouble hap- 
pens, and at the time when there will be the least in- 
terference with operation. His men, instead of spending 
their time rushing to clear up trouble that has hap- 
pened, look for places where trouble inevitably will hap- 
pen, and find the majority of them in advance. - They 
can then choose the time most suitable for themselves 
and the production department, for making repairs. 

How are these prospective difficulties located in 
advance? The methods vary in different plants but, in 
general, these involve regular and systematic inspec- 
tions and overhauling by competent and experienced 
men who can recognize trouble when it is brewing and 
know what to do. This inspection routine is practically 
always backed up with records and reports which are 
analyzed frequently and made use of regularly. Prac- 
tically any maintenance engineer can make use of this 
remedy. 


Avoid Difficulties 


Instead of 
Overcoming Them 
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Who Can Answer 


These? 
of Lamps Used for Syn- 


Voltage Rat 

chronizing—In synchronizing two 440- 
volt alternators by using lamps in case 
the synchroscope should fail, what 
voltage rating of lamps should I use 
and how many of them? Should I 
provide lamps enough for 880 volts or 
440 volts? 

Indiana Harbor, Ind. A. R. D. 


Will Shorting Slip Rings Injure Motor? 
—Will short-circuiting the slip rings 
on a three-phase, wound-rotor, induc- 
tion motor damage it? This is likely 
to happen when the external resist- 
ance is entirely cut out of the circuit 
so as to speed up the motor as much 
as possible. What takes place when 
one or more of the brushes do not 
make contact with the slip rings of 
such a motor? 
Milwaukee, Wis. B. R. B. 


Caleulation of Winding for Induction 
Motor—wWVill some reader please show 
me how to calculate the winding for 
a motor which has the following di- 
mensions: Bore, 6 in.; outside diam- 
eter, 10 in.; slot depth, 1% in.; axial 
length of core, 3% in.; tooth width, 
8/16 in.; number of slots, 86. I wish 
to have this motor operate at 220 volts, 
three phase, 600 r.p.m. What will be 
the horsepower of this motor, approxi- 


mately? 
Aurora, III. J. L. H. 
LJ e e (J 
How Should a Delta-Connected Trans- 


former Bank be Grounded?—I should 
like to know some of the standard or 
practical methods of grounding a 
delta-delta connected bank of trans- 
formers. We have a transformer bank 
consistin of three single-phase, 
13,200/400-volt transformers, which 
are delta connected on both the high- 
and low-tension sides. Now I get a 
reading of about 100 volts from each 
440-volt bus to ground. Consequently, 
I am planning to ground the low-ten- 
sion side of the transformer bank. Can 
some reader tell me to what part of 
the low-tension delta I should connect 
my ground or what reactors or other 
Gevices I must use to obtain my 

round connection? 

maha, Neb. G. C. B. 

6 (J (J Ld 


Strength of Brick Walls—We can find 
very little test data on the strength of 
brick walls with respect to forces act- 
ing against the wall horizontally and 
at right angles to the plane of the 
wall. If any readers have pulled down 
old brick walls they may be able to 
give me some data regarding the force 
required. 

Suppose we have a brick wall three 
courses thick, 36 ft. high and 60 ft. 
long, with no openings and supported 
at each end by being tied to side walls 
of the same height and thickness. As- 
sume that this wall has been standing 
for over a year and was constructed 
of No. 1 red brick and good mortar, 
well laid, with header courses placed 
in the standard manner. 


question that you can 
answer from your ex- 
perience. 


STRIAL GIN 


Mere es ee A 
Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
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What would be the approximate 
force required to pull this wall down, 


assuming the force to be N at a 
point half-way up the wall and mid- 
way between the ends? 
Bowmanville, Ont., Can. L. J. C. 


Operating Direet- Current Motor as Gen- 
erator—We have a Century Electric. 
compound-wound, d. c. elevator motor 
rated at 220 volts, 52 amp., 1,200 r. p. m. 
Which we wish to use as a generator 
to deliver 110 volts, 50-60 amp. I shall 
appreciate it if some reader will tell 
me whether it will be necessary to re- 
wind or reconnect the armature, or if 
there is any way in which we can 
operate it as it is. 
Caguanay, Que., Can. C. R. 


Winding Armatures With Asbestos-Cov- 
ered Wire—I should like to get the 
experience of some of our readers as 
to the best methods of handling as- 
bestos-covered wire when winding ar- 
mature or field coils for mill-type and 
other heavy-duty motors. In what 
manner can I apply tension to the 
wire without mechanically injuring the 
asbestos insulation? What other kinks 
can you give me as to how I can best 
make up coila and wind armatures 
with wire having this kind of insula- 
ting covering. l 
Birmingham, Ala. L. A. C. 


Answers Received 
To Questions Asked 


Connecting Lineshaft Directly to Moter 
—We wish to connect a lineshaft ap- 
proximately 100 ft. long directly to a 
60-hp., 870-r.p.m. motor. The lineshaft 
can if necessary be supported from 
the ceiling, but we should prefer to 
mount it on top or at the side of heavy 
wooden or concrete posts. This de- 
partment is on the ground floor and 
there is no basement underneath the 
building. I should like to know (1) if 
it is practicable to drive a lineshaft 
at this speed. (2) Would it be bet- 
ter to support the lineshaft on the 
top, or at the sides of the posts? (3) 
Is there likely to be excessive vibra- 
tion? If so, how can it be overcome? 
(4) What kind of bearings should we 


use? Your advice will be greatly ap- 
preciated. 
St. Louis, Mo. B. G. 8. 


Replying to B. G. S. in the April 
issue, I believe that you could make a 
very neat and efficient drive by connect- 
ing the lineshaft directly to the motor, 
by means of a flexible coupling, taking 
care to see that the lineshaft is prop- 
erly aligned. The bearings should be 
spaced on short centers; then the 
chance of springing the shaft by the 
side pull of other shafts or machines 
will be small. The proposed speed of 
870 r.p.m. is high, but many lineshafts 
will be found turning at that speed. 

It would probably be better to sup- 
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port the lineshaft bearings on top of 
concrete posts or tapered piers. The 
piers should be of generous dimensions 
and well reinforced. Ball bearings 
should be used and should be mounted 
on an adjustable base or pillow block 
so that adjustments can be made in 
all directions. The bases of these bear- 
ings are made adjustable by the use of 
a combination of setscrews and wedges. 
The bearings are packed with soft 
grease and require very little attention 
after they are installed. 

In our plant we have two drives sim- 
ilar to the one you have in mind except- 
ing that they are shorter, being about 
50 ft. in length. In both cases the 
shafts are driven at 900 r.p.m., and 
are standard shafting 31d in. in diam- 
eter, coupled directly to 100-hp. motors 
through solid flange couplings. This 
installation has been running for one 
and one-half years, 24 hr. a day, six 
days a week, and has never required 
any repairs. A few minor adjustments 
have been made, but the only charges 
that could be placed against repairs or 
maintenance is the cost of the grease 
for the bearings. 

Special attention was paid to the in- 
stallation of these drives; every part 
was accurately machined and carefully 
installed. SKF bearings are used 
on these two drives. 

Lee F. DANN. 


Chief Electrician, 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In the April issue B. G. S. asks 
whether it is practicable to drive a 
lineshaft at 870 r.p.m. 

Driving a lineshaft at that speed is 
feasible, but much care must be exer- 
cised in its installation. First, he must 
limit the size of the pulleys (if made 
of cast iron) to 24 in. diameter, in or- 
der to keep the stress due to centrifugal 
force within the working strength of 
the material. Second, he must do a 
thorough job of balancing the pulleys 
because a slightly unbalanced condition 
will produce great vibration at that 
speed. Third, he must get a thorough 
job of alignment in order to reduce de- 
structive “whipping.” 

The kind of bearing is immaterial. 
If there is a large starting-load, ball or 
roller bearings will be advantageous; 
sleeve bearings, however, will be en- 
tirely satisfactory. Whether to support 
the shafting on the top or sides of posts 
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depends on conditions. If placed on 
top, the posts must be braced below 
the bearings. Such bracing will de- 
tract from the appearance of the room, 
if it is not actually in the way. By 
securing the posts to the ceiling, the 
bearings can be bolted to the sides, 
with a minimum of construction work. 
If the ceiling construction is capable 
of rigidly restraining the shafting, it 
would be best, from considerations of 
appearance and future layout, to place 
it there. Posts in buildings have caused 
me a lot of grief. Their interference 
with good layout is out of all propor- 
tion to their size and importance. I 
once replaced two building posts with 
a truss and succeeded in improving the 
equipment layout so that the working 
force was reduced by three men. 
Los Angeles, Calif. C. O. SANDSTROM. 
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Referring to B. G. S.’s questions in 
the April issue, (1) operating a line- 
shaft 100 ft. long at 870 r.p.m. is not 
practicable. Without knowing the serv- 
ice conditions, that is, the kind and 
type of machines that are to be driven 
from the lineshaft, it is difficult to say 
what the r.p.m. should be. For ma- 
chine shop service 200 to 250 r.p.m. is 
desired; for woodworking shops 240 to 
250 r.p.m. is used and for envelope ma- 
chines, small printing machines and the 
like about 200 r.p.m. is being used. 

(2) Supporting the shaft on top of 
the posts would be more desirable, us- 
ing either the inverted shaft hanger 
or pedestal-type pillow blocks. Con- 
crete posts with their foundations rest- 
ing on good, hard sub-soil and indepen- 
dent of the building foundations, are 
practicable for such service. Mounting 
the bearings on the side of the posts 
is feasible, but more expensive and in 
some cases requires more maintenance. 

(3) Vibration depends on the size of 
the shaft, its speed, distance between 
hangers, the number of driving pulleys 
between hangers, and the nature of the 
load or kind of machines driven. The 
spacing of hangers may be from 10 to 
15 ft., and the load should be equally 
distributed near the hangers, with the 
light machines placed in the middle of 
the hangers. The motor should be 
placed in about the middle of the shaft 
so as to divide the torsion in the shaft. 
The heaviest load should be pulled near 
the motor, and the lighter load at the 
ends of the shaft. If certain machines 
are to be idle at times, it would be ad- 
visable to group them and divide the 
lineshaft into sections, with mechanical 
clutches or magnetic clutches to dis- 
engage the sections not in use. This 
arrangement has the advantage that 
should a breakdown or accident occur 
on some machine, that section can 
quickly be thrown out of service with- 
out holding up production on all ma- 
chines. 

A large diameter shaft, close spac- 
ing of hangers, and a lower speed than 
is stated in the question, will keep the 
vibration within safe limits. 

(4) A roller bearing made in two 
halves or sections would be practicable 
and economical for this installation and 
would lower the cost of maintenance. 

The motor could be arranged to drive 
the lineshaft by means of a silent chain 
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drive which is economical, silent, posi- 
tive and low in maintenance cost. Plac- 
ing the motor on a platform or foun- 
dation elevated from the floor so as 
to have about 30- to 40-in. shaft cen- 
ters is practicable. For this installa- 
tion a 1\%-in. pitch by 5-in. wide, con- 
tinuous-duty chain would be required. 
This would cost approximately $170. 


Engineering Dept., E. H. LAABS. 
The Cutler- Hammer Mfg. Co., 
Milwaukee, Wis. 
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Reconnecting Two-Phase Motor for 
Three- Phase Operation —I have a 10-hp., 
440-volt, two-phase, squirrel- cage mo- 
tor which has 48 slots and coils, six 
poles, and is series- connected. Can 
this motor be reconnected for three- 
phase operation by using the “T’’ con- 
nection? If so, how many coils must 
be cut out of circuit? What will the 
new grouping be for three phase and 
what horsepower will the motor de- 
velop after reconnection, if the speed 
remains the same as before? What is 
the smallest number of coils that can 


be reconnected from two-phase to 
three phase by the T' connection? 
Iola, Kan. 


Answering G. E. G. in a late issue, 
A in the illustration shows the num- 
ber of coils per pole for a six-pole 
winding T-connected for three-phase, 
approximately balanced voltage. The 
voltages shown are the phase volt- 
ages for actual balance. This dia- 
gram shows that three coils will be 
cut out of the phase making the T-con- 
nection. The grouping for one phase 
is the same as in the two-phase wind- 
ing. The horsepower developed by this 
motor after reconnection, will, at the 
same temperature rating, be approxi- 
mately 78 per cent of the nameplate 
rating. The number of coils remain- 
ing in the phase forming the T-con- 
nection, should be approximately 87 per 
cent of the coils in the two-phase wind- 
ing. Any number of coils can be con- 
nected in this manner, but very few 
combinations will give much closer than 
1 per cent voltage balance. 

The connection diagram shown in B 
is one which I have frequently em- 
ployed. This makes use of all coils, 


#+-— 4 40 volts 


Connections for changing two- 
phase motor for three-phase oper- 
ation. 


A, number of coils per pole in six- 
pole winding connected in T; B, 
connection diagram for changing 
from two phase to three phase, 
using all coils: C. schematic dia- 
gram of winding shown in B. 
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gives the exact voltage balance between 
phases and is within 3 per cent of the 
voltage of the nameplate rating. C 
is a schematic diagram corresponding 
to B and shows the coils per pole for 
a four-pole winding. The grouping for 
a six-pole winding will be as follows: 
233-332-323-233-332-328. Care must be 
taken to start the phases so that the 
connection at x in diagram C will in- 
clude in the delta section of the wind- 
ing the same number of coils in each 
phase. The horsepower output with 
this winding will be approximately the 
same as for the T-connection. 

In both of these windings the size 
of the wire is the feature governing 
the output, up to the nameplate rat- 
ing of the motor. CHARLES R. SUGG. 


Atlantic Coast Line Railroad Co., 
Wilmington, N. C. 
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Should Coils Be Purchased or Made in 
the Repair Shop?t—We have in our 
pioni about 1,000 motors ranging from 

hp. to 100 hp. Roughly, one-third 
of these are older-type motors, while 
the remainder are of modern type. 

We have our repair shop, but so far 

have not attempted to wind our own 

coils. There is a feeling that we 
should do this, but before making any 
decision I should like to get the opin- 
fon of readers of INDUSTRIAL ENGINEER 
on the feasibility of doing this work. 

Will it pay us to do it? Can anyone 

give me some idea of the nature and 

approximate cost of the equipment 
needed? 

I shall be very grateful for any in- 
formation or suggestions you can give 
me. 

Chicago, III. ‘ L. A. M. 

With reference to the discussion in 
the March issue of L. A. M.“ s ques- 
tion, I should like to add the follow- 
ing from our experience. 

The same question came up several 
months ago in our plant. We have 
about 800 motors, mostly d. c. and a 
fair percentage of these are old style 
and so-called obsolete. It is hard to 
get factory-made coils for these old 
motors and the deliveries on same are 
bad. Our experience was the same as 
Mr. Housley’s, with factory-made coils, 
which lay in stock. Some of them re- 
quired considerable renovating before 
they were of use to us, when needed. 
Some months ago we borrowed a set 
of Browning equipment, from the local 
distributor, for test. We selected a 25- 
hp. crane armature, containing 35 
coils, which was in the shop for repair, 
for our test. Our cost for the set of 
coils was just under $25. The manu- 
facturer’s quotation was $65. From 
information obtained from their service 
man, we found that the overhead was 
the sole difference. Using the same 
overhead as they do, our cost worked 
out approximately the same as their 
quoted price. 

We find it unnecessary to stock any 
large amount of round wire larger than 
No. 30 in any standard insulation, nor 
any large quantity of any usual thick- 
ness of insulating papers or tapes. We 
can obtain these, on a few hours’ no- 
tice, from the local representatives of 
the manufacturers. 

We stock only flat and square wire 
and unusual insulating materials. 

In addition to our loop winder, 
spreader and reel stand, we purchased 
shears. These are great labor and ma- 
terial savers. They are particularly 
useful for cutting wedges. 
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We built a brick, steam-heated oven, 
which will maintain a temperature of 
240 deg. to 250 deg. F. We did not 
favor a gas-fired oven, due to the fire 
hazard inherent in the varnishes. We 
also built a dipping and impregnating 
outfit. 

We conducted tests on varnishes and 
found that we could obtain a flexible 
varnish with high oil- and water-re- 
sisting characteristics. Therefore, we 
use but one grade of baking varnish. 
Our tests showed us, further, that the 
baking varnishes are incomparably su- 
perior to the air drying varieties. We 
are, therefore, dipping and baking 
everything that we can. 

Last, but not least, I would add the 
warning: Don’t skimp on quantity or 
quality of any insulating material. On 
the job mentioned wire, labor and over- 
head constituted better than 90 per 
cent of the cost. The balance was for 
sleeving, tape, varnish, etc. This be- 
ing the case, the value of these items 
affect the cost of finished coils but lit- 
tle. However, the excellence of the insu- 
lation is the determining factor in how 
long the coils will last. In addition to 
the coil cost, we have the cost of in- 
stalling the coils in the armature. If 
this be added to the cost of a set of 
coils, the percentage of the whole which 
is due to insulation becomes negligible. 


G. R. HOFMANN. 
Supt., Light, Heat & Power Dept., 
National Metal Molding Co., 
Ambridge, Pa. 
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I was interested in L. A. M.’s ques- 
tion in a recent issue, because it 
is a much-discussed subject in plants 
that have a large number of motors. 
I believe that a plant that has as many 
as 250 motors should have the mechan- 
ics and equipment to do their own 
work, that is, winding and general re- 
pair, but I do not believe that this is a 
paying proposition in the smaller 
plants. 

In his case there is no reason why 
his company could not easily install 
equipment and wind their own coils, 
because they already have a repair 
shop. I believe, however, that should 
they do this, it would be advisable to 
have an expert coil winder in charge 
of the various operations in making 
coils, as the coils are the heart of the 
machine and no winder can do a thor- 
ough job with imperfect coils. I would 
like to say in connection with this that 
very few armature winders are good 
coil makers and that coil making is a 
trade in itself. 

The most expensive items in the list 
of coil winding equipment are the steam 
press for shaping, and the impregnat- 
ing tanks. The ordinary dipping tanks 
could be built in your own shop of 
about No. 10 gage sheet iron. The 
winding machine and the spreading ma- 
chine invented and patented by S. J. 
Browning and sold by the Mutual 
Foundry Co. of Atlanta, Ga., are one 
of the most up-to-date sets on the mar- 
ket. This company also sells wire 
racks and a spooling machine. Prices 
of this equipment can be obtained from 
either the manufacturers or Mr. 
Browning himself. Two or three tap- 
ing machines would probably be neces- 
sary for a plant having the above num- 
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ber of motors. These taping machines 
may be bought from the Electric Serv- 
ice Supplies Co., Philadelphia, Pa. 

A winding shop should have a lathe 
or a combination banding machine, as 
practically all d. e. machines and many 
a. c. machines have wire bands. Also, 
the commutators and slip rings should 
be turned in the shop under the shop 
foreman’s supervision. Armature racks 
can be purchased or built in your own 
plant. They should be built individ- 
ually to suit the winder or be adjust- 
able in height, as an armature placed 
too high or too low is difficult to wind. 
For stators of the smaller sizes a table 
of heavy construction may be used; it 
is a good idea to have casters on the 
table legs. A bench well lighted and 
provided with drawers for tools is a 
real necessity. 


Acmar, Ala. GRADY H. EMERSON. 
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In reply to the question by L. A. M. 
in a recent issue, the situation should 
be analyzed in all its phases bet 
fore assuming the responsibility of 
winding and treating coils in an effort 
to reduce the eventual cost. However, 
if any delay is being experienced in 
procuring factory coils, I would sug- 
gest that they be made in the repair 
shop. 6 

With very little equipment one can 
make coils for small a. c. partially- 
closed slot machines, that for service 
will equal the factory coil. Serviceable 
formed coils for open-slot machines can 
also be easily made, but a little more 
equipment is required. 

The nature and cost of this equip- 
ment are two of the factors which gov- 
ern the quality and cost of the finished 
coil and should be determined after the 
quantity of coils to be manufactured 
has been carefully estimated. If that 
quantity is sufficient to justify the in- 
stallation of a reasonable amount of 
equipment and the employment of labor 
for that particular purpose, there is no 
doubt that it is feasible to make your 
own coils, especially when it is realized 
that repairs can be made independently 
of any unforeseen delays in the deliv- 
ery of coils from the manufacturer. 
Further, the first cost of the winding 
equipment should not be in excess of 
the investment involved in a stock of 
factory coils for even a part of the 
1,000 motors. 

On the other hand, many of the mod- 
ern motors mentioned are likely to be 
wound with rectangular wire or ribbon, 
which are not always procurable on 
short notice; in such cases, round wire 
may have to be substituted. This is 
being done when necessary but much 
can be saved by using factory coils in 
these motors. Winding machines and 
adjustable forms which have proven 
verv satisfactory are on the market. 

Should the quantity of coils to be 
manufactured be considered insufficient 
to justify the investment required to 
install this special equipment, a lathe 
can be used, preferably with a hollow 
spindle, to facilitate the winding of 
loops bevond the lathe bed, as other- 
wise the lathe may not swing the larger 
forms. Many shops are using a worm 
drive mounted on a heavy table and 
driven by a 1-hp., d. c. motor controlled 
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by a foot pedal. Tension on the wire 
may be secured by means of fibre or 
hardwood clamps. 

I would not advise the expenditure 
of much time or money on an elaborate, 
adjustable form for winding loops for 
among the 1,000 motors no doubt many 
are identical and a good hardwood 
form is not difficult to make; after it is 
once used, it can be marked and stored 
away for future use. 

A spreading machine should not be 
a necessity for the quantity of coils 
likely to be pulled out, although these 
machines do nice work and save time. 
A skilled winder can, with a little care, 
form at the bench coils that will be 
symmetrical enough for all practical 
purposes. 

If it is desired to treat coils in bak- 
ing varnish an oven will be a necessity, 
but it should not be expensive as it 
need not be large and can be elec- 
trically heated. 

I would not recommend the manufac- 
ture of coils for 2,200-volt machines as 
they cannot be properly treated without 
more elaborate equipment. 

Factory coils are a product developed 
by some of the best talent in the motor 
manufacturing industry and it has been 
my experience that with the exception 
of those for some small machines, they 
are everything that could be desired 
when winding a machine in an effort to 
reduce the chances of future trouble to 
a minimum. 


San Francisco, Calif. W. O. HURLBUT. 
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Answering the question by L. A. M. 
in a recent issue, he can make a 
substantial saving by winding coils in 
his own shop. In addition to the sav- 
ing in the winding of the coils, better 
service will be obtained from your own 
shop. When coils are bought from an 
outside concern it often happens that 
there is a delay in getting them just 
when they are wanted. This, in turn, 
may delay the rewinding of a motor 
which may be very urgently needed. 

The equipment required varies, de- 
pending upon the amount of work to be 
done. Some shops use a wooden form 
cut to the size and shape of a coil. A 
separate form must be used for each 
different size and shape of coil. A form 
which can be adjusted to wind different 
sizes and different shapes of coils can 
be made at small cost. This can be 
turned by hand or driven by a motor. 

On page 19 of the December issue of 
INDUSTRIAL ENGINEER, a coil winding 
and forming machine, operated by a 
motor, is advertised by the Armature 
Coil Equipment Company, Cleveland, 
Ohio. I would suggest that L. A. M. 
write this company for further details 
and prices. 


Muncie, Ind. GEORGE CROPPER. 
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In answer to the inquiry by L. A. M. 
in a recent issue of INDUSTRIAL ENGI- 
NEER, we are glad to express our opin- 
ion, as it may help him to solve his 
problem. 

In our opinion, a plant having 1,000 
motors and located in Chicago can be 
better serviced by the repair trade than 
by a repair shop in the plant itself, 
equipped for rewinding. If such a fac- 
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tory were removed from an industrial 
center it would beyond a doubt be 
advisable to rewind the motors right 
in the factory, but in a place like Chi- 
cago there are 15 or 20 repair 
shops which are equipped to do this 
rewinding at any -hour of the day or 
night and at prices which are prob- 
ably below the cost of any shop located 
in the factory. Of course, these low- 
ered costs are due to the large scale 
on which this rewinding is done in 
the modern repair shop. 

The necessary equipment for rewind- 
ing would include winding and spread- 
ing machines which would represent an 
investment of $500 or $600, together 
with impregnating and baking equip- 
ment. The necessary stocks of magnet 
wire and insulating material would also 
tie up considerable money. Although 
we are in the magnet wire business 
and have a great deal of direct-driven 
equipment we do not do our own re- 


winding. G. B. FINCH. 
Magnet Wire Dept., 
Belden Manufacturing Co., 
Chicago, III. 
* * kx * 


In reply to L. A. M.’s question in 
a recent issue, I have worked in some 
plants where they did not make their 
own coils and in others where they did 
make them. It is my opinion that with 
the number of motors you have, it 
would pay you to make your own coils. 
I am sure that you will be able to 
realize a saving of at least 50 per cent 
over what you have to pay for factory 
coils. Also, your stock will be more 
flexible and the investment in spare 
coils will be reduced. 

As to equipment needed, I would 
suggest that you investigate the new 
Master combined loop winder and coil 
spreader manufactured by the Arma- 
ture Coil Equipment Company, Cleve- 
land, Ohio. This machine is a big time 
saver, does accurate work and is sub- 
stantially built. You will also want to 
investigate the taping machine made by 
this same company. As to other equip- 
ment, you will need a wire rack with 
tension blocks, baking oven, dipping 
tank for insulating varnish, etc. The 
total cost of this equipment should not 
exceed $1,000, including the setting up 
of the winding and taping machines 
which should have individual motor 
drive. 


Chief City Electrician, H. J. ACHEE. 
Woodward, Okla. J 
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Determining Size of Conductors for In- 
termlttent- Rated Motors— Will some 
reader of INDUSTRIAL ENGINEER please 
give a method of computing the sizes 
of rubber-covered cables to be used for 
connecting intermittent-rated motors 
—particularly half-hour rated crane 
motors? 
Montreal, Can. F. P. 


Replying to the question by F. P. in 
a recent issue, the carrying capacity 
of wires has only one rating, and 
that is the rating which is allowed by 
the Underwriters. I would advise F. P. 
to consult a table of the current-carry- 
ing capacities of conductors and from 
it select a size of wire that will safely 
carry the maximum current which it 
will be called upon to handle, or that 
will have at least 110 per cent of the 
motor nameplate current rating. Some 
motors have intermittent ratings which 
permit the use of a motor that is small- 
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er than would be necessary if the max- 
imum load were carried continuously. 
This is not the case with conductors; 
their rating and size should be selected 
for maximum load. 


Muncie, Ind. GEORGE CROPPER. 
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Answering the question by F. P. in 
a lzte issue, the formula for comput- 
ing the size of wires and cables, in- 
cluding rubber covered cable, is, C. M. 
=LXKXC—=E drop. 

In this formula C. M. represents the 
size of the conductor in cire. mils 
(1 mil=.001 in.). L is the length of 
the wire in feet. The length used 
should be double the length of feeder. 
K is a constant, which equals 10.8 
ohms per mil-foot for copper wire. C 
equals current in amperes. The value 
of C in the case you mention should 
be 110 per cent of the nameplate cur- 
rent rating of the motor. (See Ar- 
ticle 8, National Electrical Code, for 
percentage of nameplate current rat- 
ing.) E drop represents the allowable 
voltage drop in the line, usually 2 per 
cent of the supply voltage in feeders. 

This formula takes account of the E 
drop in the line; that is, a wire of the 
size obtained by the formula will carry 
the current without causing more than 
the allowable 2 per cent E drop, but 
it may not carry the current in accord- 
ance with Table 1, Article 6 of the 1923 
National Electrical Code. The reason 
for this is that if a wire is short it 
may carry considerable current, caus- 
ing only a small voltage drop; on the 
other hand, if the wire is long, even 
if carrying far less than its allowable 
current, it may cause an E drop much 
greater than the allowable 2 per cent. 
Because the formula takes account of 
E drop only one must always refer to 
Article 6, Table 1, after computing the 
size of the wire with the formula, and 
see that the allowable carrying capaci- 
ties therein are not exceeded. This 
means, for example, that if the size of 
wire obtained were 26,000 circ. mil (the 
nearest size in the B. & S, gage is No. 
6 or 26,250 cir. mil) and the current 
65 amp., No. 4 wire would have to be 
used, if it is rubber covered. (See 
Article 6, Table 1, of the Code.) 

In addition tg the above, a conductor 
feeding one a. c. crane motor with a 30- 
min. rating must have an allowable 
carrying capacity of 110 per cent of 
the nameplate current rating of the 
motor. Thus, when referring to the 
table as above, 10 per cent must be 
added to the nameplate current of the 
motor. 

When a. c. motors of the type re- 
quiring large starting current are 
started without the use of auto-starters, 
the starting current may be more than 
double the normal running current. 
The necessary current-carrying capac- 
ity of conductors in that part of the 
circuit supplying the motor, which is 
between the motor running protective 
device and the mains, will not exceed 


300 per cent of the nameplate current~ 


of the motor. Motors rated from 0 to 
30 amp. will require starting leads hav- 
ing a carrying capacity of not over 200 
per cent ọf their nameplate current 
rating. Suppose you were computing 
the size of conductors feeding a motor 
having a full-load current of, say 50 
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amp.; the starting current would be 
not more than 100 amp. The conduc- 
tors that must carry this starting cur- 
rent should have an allowable carrying 
capacity of 100 amp. After computing 
the size with the formula, refer to the 
table and see that the conductor to be 
used has an allowable carrying capac- 
ity of 200 per cent of the nameplate 
current of the motor. 

In figuring the size of mains used 
to feed several d. c. motors, add to- 
gether the full-load currents of all the 
motors and assume that the current in 
the mains will never exceed 60 to 75 
per cent of this sum. This per cent is 
the demand factor and should be used 
as the value of C when figuring the 
size of mains. 

To figure the size of a main serving 
several a. c. motors follow the same 
directions outlined above except that 
the demand factor should be larger. 
Where specific information is not 
available a demand factor of 80 per 
cent may be used. (See Croft’s “Wir- 
ing for Light and Power, pages 73- 
74.) A larger demand factor should 
be used than in the case of d. c. motors, 
because of the large starting current 
required by a. c. motors. 

To figure the size of conductors in 
two-phase circuits, first figure as single- 
phase; then take 50 per cent of the 
eirc. mil obtained by the formula. Take 
the nearest size in B. & S. gage to 
the result obtained, referring to Ar- 
ticle 6, Table 1, as to current-carrying 
capacity, as shown above. Figure the 
size of wire for three-phase circuits 
the same as for two-phase except that 
58 per cent of the circ. mil obtained 
by the formula is used in place of 50 
per cent. 


Concord, Mass. DONALD FERGUSON. 
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Replying to F. P. in a recent issue 
of INDUSTRIAL ENGINEER, if the motors 
in question are mounted ona crane 
it is usual to figure the capacity of 
the line contactor on the protective 
panel as being equal to, or greater than, 
one-half the sum of the full-load cur- 
rents of all the motors. Furthermore, 
the contactor should be large enough to 
carry the full-load current of the larg- 
est motor continuously. The cables 
should then have the same current ca- 
pacity as the contactor. For example, 
a crane may be equipped with a hoist 
motor, bridge propelling motor and trol- 
ley motor, all rated on a 30-min. basis 
and having full-load currents of 280, 
150 and 50 amp., respectively, making 
a total of 480 amp.; one-half of this is 
240 amp. The next larger size con- 
tactor is rated at 300 amp. and this 
rating should determine the size of the 
cables, because the largest motor draws 
less than 300 amp. If the largest 
motor is rated above 300 amp., this 
should be taken into consideration. 

In regard to the wiring for individual 
motors, it is questionable whether any 
allowance should be made, due to the 
fact that the motors are rated on an 
intermittent basis, particularly in the 
case of induction motors. General 
Electric type MTC crane motors will 
in general stand 65 to 80 per cent of 
their rated full load continuously, de- 
pending on the size of the motor. MTC 
motors above 40-hp. rating will stand 
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80 per cent of their rated load con- 
tinuously. It should be borne in mind 
that the maximum torque developed by 
an induction motor varies as the square 
of the applied voltage. This is ap- 
proximately true whether the motor is 
at rest or running. For example, a 
drop of 10 per cent in voltage means 
that the maximum torque the motor 
can exert drops to 81 per cent of 
what it could develop at normal voltage. 
Since the current taken at starting is 
likely to be several times the full-load 
current of the motor, it is very impor- 
tant that the connecting cables be large 
enough so that there will be no undue 
loss in voltage in the cables. In case 
a crane hoist motor were called on to 
make an extra heavy lift, it is quite 
possible that loss of voltage in too small 
connecting cables would be so great as 
to prevent the motor from starting the 
load, which it would be able to do if 
full rated voltage could be brought to 
the motor terminals. 

In the case of d. c. series crane mo- 
tors, the torque exerted is not depen- 
dent on voltage, and a reduction in 
cable size due to the intermittent char- 
acter of the load is not such a serious 
draw-back as in the case of induction 
motors. R. F. EMERSON. 
Industrial Engineering Dept. 


General Electric Co., 
Schenectady, N. Y. 
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Number of Bars Covered by Brushes on 
Wave-wound D. C. Armatures—I should 
like to know why the brushes on a 
4-circuit, wave-wound, d. c. armature 
cover only a little more than one seg- 
ment, instead of two or more se ag 
I was, until recently, under t im- 
pression that the brushes had to ‘cover 
as many segments as there are cir- 
cuits per coil. If not, why have the 
four circuits? 

Wichita. Kan. E. E. B. 

E. E. B.’s question in a late issue 
may be answered with the help of 
the accompanying diagram. For the 
sake of simplicity, two-pole, ring-wound 
armatures are shown at A and B. 
This illustration will be clearer than 
would a typical winding of the barrel 
type, that is, wave or lap wound, and 
does not depart from the problem since 
for any two-pole winding the number 
of independent brush sets must of ne- 
cessity be two. In any case, the num- 
ber of armature circuits in parallel is 
two so that our analogy is correct. If 
two identically wound machines are 
connected in parallel at their terminals, 
the combined current output will be 
double that of either machine alone. 
This same result can be obtained, with 
a consequent saving in material, by 
placing two independent windings up- 
on the same armature core and sub- 
jecting them to the influence of the 
same field structure, as shown in A. 
Not only are the coil sides sandwiched 
together but the commutator segments 
connected to the independent windings 
are intermeshed as well. This is an 
example of a duplex winding built up 
as described of two separate simplex 
windings. 

Any desired number of separate 
windings may be interleaved in this 
manner, but it will be noted that the 
intermeshing of the commutator seg- 
ments requires the application of 
brushes whose width will be sufficient 
to collect the current from each pair 
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of circuits at the neutral zone. Since 
simplex wave-wound armatures have 
two armature circuits in parallel irre- 
spective of the number of poles, it fol- 
lows that duplex wave windings will 
always have four parallel circuits or 
paths, independently of the number of 
poles. 

The arrangement shown in 4 illus- 
trates two entirely separate windings, 
each containing 12 elements, or 24 in 
all. Let us suppose now that one of 
the 24 elements is omitted and that 
the remaining 23 elements, uniformly 
spaced, are connected alternately as in 
B. We no longer have two indepen- 
dent windings each closed in itself as in 

. There is now but a single closure. 
However, it will be noted that in pass- 
ing from one brush to the other four 
paths in parallel are encountered, as in 
A. In short, both A and B illustrate 
duplex windings. The winding in A 
is known as a duplex, doubly-reentrant 
winding since on arriving at the start- 
ing point after tracing through the 


given connections, it is found that only 


half the total number of conductors 
has been encountered and it is neces- 
sary to trace through the remaining 
half at the end of which a second clos- 
ure occurs. Winding B is a singly-re- 
entrant duplex winding since all coils 
are traversed in reaching the first 
closure, although it is necessary to 
travel twice around the armature. In 
similar fashion, we could have a tri- 
plex, singly-reentrant wave winding, 


Doubly-reentrant, duplex armature 
winding, A, and singly-reentrant 
duplex winding, B. 
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giving six circuits in parallel, and still 
properly commutated by a brush spread 
of not more than two segments. 

From the above, the degree of re- 
entrancy may be defined as the num- 
ber of independent, separately-closed 
windings on the armature. 


Engineering Dept., CECIL H. GREEN. 
General a ae on 
Schenectady, N 
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Using A. C. Generator as 3 
Moter—What changes, if any, are nec- 
essary in order to use a stationary- 
field, rovo ving: armature, a. c. nera- 
tor as as ronous motor? is is 
a Westinghouse generator, rated at 25 
kva., 480 volts, 30 amp.» three-phase 
60 cycles, 1,800 p.m., serial 
3212835. The exelter is Aitactséon. 
nected to the generator N and is 
rated at K kw., 125 volts, D. 

I should like to use this enerator as 
a synchronous motor to drive a cen- 
trifugal sugar drier and to correct 
power factor. The power supply is 480 
volts and all motors are rated 440 
volts. If I can use this generator as 
planned, what horsepower will be de- 
veloped and what w the ampere 
input? Will I have t to have an outside 
supply of direct current for excitation, 
or can use the exciter on the 
machine? 
Negros Occidental, P. I. A. C. M. 
In reply to A. C. M.’s question in 

a recent issue, no changes will be 

necessary, providing the machine is 

equipped with a damper winding to be 
used in starting. An auto- transformer 
will be needed to impress a low start- 
ing voltage on the windings to pre- 
vent a sudden rush of current and the 
fields should be short-circuited until 
the machine is up to speed and thrown 
on the line. Then the fields should 
be thrown across the exciter, which will 
have built up its voltage by this time. 
No outside supply of direct current 
will be necessary, as the exciter is 
used to excite the fields. If the ma- 
chine has no damper winding, it may 
be brought up to speed as mentioned 
above, if it can be cut entirely free 
from its mechanical load, by relying 
on the eddy currents in the pole faces 
for its starting torque. This motor 
will operate successfully on 440 volts 
and if the mechanical load does not 
overload the motor electrically, the re- 
maining energy may be used to correct 
power factor. The a. c. ampere input 
when the machine is used as a motor 
should not exceed its output as a gen- 
erator. 
As A. C. M. does not tell the power 
factor rating of this machine the horse- 
power cannot be accurately computed, 
but the following formula may help 
him. 
For three-phase motors and gener- 
W 0. 578 W. 
ators, 1!ü' ; • qſu¶—. 
1.792 EXP. F. EXP. F. 
Where E- voltage, J=current per 
phase, P. F. power factor, N= watts. 
The value of W may be found from 

the formula: W=1.782XEXIXP. F. 
Alternating current generators and 

synchronous motors are rated either in 

kva. or kw., generally the former, and 
the power factor is usually specified 
on the nameplate. The capacity de- 
pends on the temperature rise, which 
in turn depends on the current flowing 
in the armature and field; therefore, 
neither term alone gives the true ca- 
pacity. The safe load for a motor, 
expressed both in kva. and kw., is a 
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maximum when the power factor is 
unity. Field heating increases, and the 
maximum safe load both in kva. and 
kw. decreases with the power factor. 


Service Engineer, G. B. HERON. 
Westinghouse Electric & Mfg. Co., 
Columbus, Ohio. 
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Locating Trouble in Power Circuits Run 
in Conduit— Can some reader tell me 
what is the usual method of testing for 
and locating short-circuits, grounds 
and so on in power circuits which are 
run in conduit, and from which branch 
circuits for motors and other equip- 
ment are taken off at intervals? 1 
shall be very grateful for your sug- 
gestions and advice. 

Pittsburgh, Pa. J. L. B. 


Referring to the question by J. L. B. 
in a recent issue, I have found that 
trouble on conduit systems can be lo- 
cated, in most cases, by the use of a 
test lamp or a magneto test set. In 
using the test lamp, each branch is dis- 
connected from the main circuit and 
the lamp tips are touched, one to the 
conduit where it has been cleaned and 
the other alternately to each of the 
feed wires. If the lamp lights it in- 
dicates that the trouble is still ahead 
of the tester, and this procedure can 
be followed until the branch on which 
the trouble occurs is disconnected; then 
the lamp will remain dark. When the 
trouble is not heavy enough to use the 
lamp test it is necessary to resort to 
the magneto test set. 

Make sure that the circuit is dead 
and proceed as with the lamp test. If 
the bell rings it indicates trouble in 
the circuit under test; no bell indi- 
cates a clear circuit. Often the.mag- 
neto is not advisable, especially in the 
testing of large power cables, as the 
capacity effect of the cable is often 
large enough to cause the test bell to 
ring when the line is really clear. 
Goldfield, Nev. PHIL D. COMER. 


* + * * 


In answer to the question by J. L. B. 
in a late issue, several methods can 
be resorted to. Our susual method 
is to start at a point on the line 
in which trouble exists, say the main 
cutout or switch. We open the cable 
at the first branch cutout or pull box 
and test same out for breaks, short- 
circuits, grounds, etc., first by the use 
of a common battery-buzzer set. If no 
results are forthcoming we resort to a 
lampbank. When a cable is proved 
O. K. we repeat the test on the next 
section, etc., until the defective one is 
located. In case neither of these test 
sets prove effective we resort to a 
transformer to provide a selection of 
test voltages and currents as needed. 

Continuing these tests from one out- 
let to another in the conduit run will 
show the cables either O. K. or de- 
fective and when the defective cable is 
found it can be repaired or replaced. 
It is good practice to test the entire line 
even after a defective part is located 
and repaired, thus assuring the elimi- 
nation of possible additional defects. 

In the diagram (only two cables are 
shown in conduit for simplicity) the 
methods for testing for short-circuits, 
breaks, and grounds are clearly shown. 
If the conduit run is long or should 
obstructions such as floors, walls, etc., 
be between two pull boxes the conduit 
can be used as one leg of the test cir- 
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Methods of testing for defects in 
power circuits run in conduit. 


cuit. However, it may prove ineffec- 
tive, due to a poor or broken joint. 
I would advise that two wires of proven 
conductivity be used as test leads. 

NATHANIEL W. BLANCHARD. 
Inwood, Long Island, N. Y. 


* * * * 


Answering J. L. B. in a recent 
issue, I will endeavor to list some meth- 
ods of testing power circuits that are 
run in conduit. These methods will 
probably aid him in testing for faults. 

First open all switches, or otherwise 
disconnect. all equipment and devices 
from the circuits to be tested. In some 
cases small equipment is connected to 
the line through fuses only; these fuses 
would have to be “pulled.” After this 
is done, to test for a ground fasten 
one lead of magneto test set (com- 
monly called “the mag”) to the con- 
duit and either hold the “mag” or in- 
sulate it from the floor or earth and 
touch the other lead to the individual 
conductors, while turning the crank. 
If one of the wires is grounded the 
bell will ring when the lead is touched 
to it. A lamp cut in series with a 
pair of leads will answer the same pur- 
pose if the ground is “dead” or the 
voltage of the circuit is low. For aver- 
age testing a 16,000-ohm magneto is 
sufficient. For high-voltage testing, 
6,600 volts and above, a 35,000- or 
50,000-ohm magneto is better. In a 
test for short-circuits, tie one wire of 
the magneto to one of the conductors 
and touch all other conductors while 
turning magneto handle. It is a good 
idea to touch the magneto leads to- 
gether before each test to be sure of 
good contact. Also be sure that the 
enamel is scraped off the conduit at 
the point of contact of the magneto 
leads. When testing oily conductors, 
such as transformer leads, wipe clean, 
as all oils are more or less insulators. 
In a test for short-circuits in long runs 
or where the conduit is run through 
floors, it is impracticable to have mag- 
neto leads long enough to reach from 
one end of the conductor to the other; 
so just ground the conductor, then test 
as if testing for a ground. When the 
right wire is found the bell will ring. 
Then the wire can be tagged at each 
end. In testing for open-circuits 
ground all wires in the conduit at one 
end and test all conductors at the other 
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end as if testing for a ground. The 
conductors on which the magneto bell 
does not ring are open. 

Of course, a battery and bell or buz- 
zer can be used for the above tests, if 
desired, on low-voltage circuits. These 
are all reliable tests that are both sim- 
ple and practical. 

Acmar, Ala. GRADY H. EMERSON. 


* * * * 


Answering J. L. B. in a late issue, 
the usual method is to start at the 
beginning of a circuit, that, is at 
the main switch of the switchboard or 
supply point, and proceed from tap-off 
point to tap-off point, disconnecting 
each branch circuit and testing to 
ground or between conductors until the 
trouble has been localized in the main 
circuit or one of the branch circuits. 
It is assumed, of course, that the equip- 
ment connected to each branch circuit 
is disconnected during the test. 

The foregoing method, while a sure 
one, is slow and tedious, as it requires 
the disconnection or cutting off of each 
branch circuit. A much more rapid 
method in the case of a ground is to 
send a direct current of 2 to 3 amp. 
through the circuit made up of the 
grounded conductor and the conduit it- 
self. This direct current should be re- 
versed about five times a minute. The 
reversing may be done with a double- 
pole, double-throw switch operated by 
hand, or by a commutator driven by a 
small motor. While the current is 
flowing the tester may proceed along 
the circuit with a pocket compass and 
hold it close to the conduit as he moves 
along, or apply it at intervals of 50 to 
100 ft. So long as the ground point 
has not been passed, the compass needle 
will swing from side to side in time 
with the reversing field around the con- 
duit. A strong field with the reversals 
timed to suit the compass will almost 
make the needle spin on its pivot. When 
the grounded point is passed, there will 
be no movement of the needle and the 
tester can retrace his steps and locate 
the point very closely, usually within a 
foot or two of the ground, if the ground 
is a good one. 

In the case of a swinging ground or 
one due to vibration, it is, of course, 
more difficult to locate it. This method 
has the great advantage that it is not 
necessary to cut or disconnect the 
branch circuits. Testing outfits which 
can be used for this purpose may be 
purchased. These send a high-frequency 
current through the grounded conduct- 
or and conduits and by means of the 
tone in the telephone headset and ex- 
ploring coil, both of which are sup- 
plied with the outfit, the tester may 
locate the grounded point in a manner 
similar to the compass method. 

Short-circuits can be located by pro- 
ceeding from point to point and cutting 
or disconnecting the branch circuit. 
The reversing direct-current method or 
high-frequency method may be used, 
however, to a certain extent if the con- 
ductors can be partially removed from 
the conduit at the branch-off points so 
as to allow a field from the conduit to 
affect the compass or exploring coil. 

C. OTTO VON DANNENBERG. 
Porter and Sanderson, 
New York, N. Y. 
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In answer to the question asked by 
J. L. B. in a late issue, often it is 
not necessary to make a test to know 
that a short-circuit exists as, provided 
there are no grounds or overloads, 
short-circuits are indicated by fuses 
blowing or breakers tripping, and par- 
tial short-circuits by a creeping of the 
meter. Grounds may bring about the 
same results. Overloads may blow 
fuses or trip breakers. 

To test for and locate short-circuits 
in power circuits installed in conduit a 
test lamp or testing magneto may be 
used. If a test lamp is used, first dis- 
connect all branch circuits connected to 
the power circuit; then remove one 
fuse of the power circuit and connect 
the test lamp as the fuse was con- 
nected and note if the lamp burns. If 
it burns at full brilliancy there is a 
dead short-circuit in the circuit of 
which the lamp forms a part. If the 
lamp burns dimly there is a partial 
short-circuit, providing there are no 
grounds. 

To test for short-circuits with a 
magneto, first disconnect the power 
circuit from all branch circuits; then 
open the service switch, or switch 
through which the power circuit re- 
ceives its supply. After this, test out 
with a magneto. The ringing of the 
bell indicates a short-circuit. 

To locate a short-circuit, disconnect 
at the panel boxes, in sections, the pair 
of wires which are short-circuited. 
How this disconnecting is done is ex- 
plained in the following paragraphs on 
testing for and locating grounds. When 
the section containing the short-circuit 
has been located, provided it is in a 
section of conduit and not in cabinets 
or conduit fittings, remove the defective 
wire and pull in new wire. 

To test for a ground a testing mag- 
neto is often used, or a test lamp may 
be employed when a testing magneto is 
not available. A test lamp, however, 
will not detect a ground of such high 
resistance as will a testing magneto. 
To test for and locate a ground on a 
power circuit with a magneto, first dis- 
connect all branch circuits. This may 
be done by removing fuses through 
which the branch circuits receive their 
supply from the power circuit. Second, 
open service switch as when testing for 
short-circuits. Tests should first be 
made in the cabinet nearest the prob- 
able point of the ground. If this point 
is not known, begin at the panel box 
which is located at about the center of 
the power circuit and test by touching 
one lead of the test set to the box and 
the other to each conductor in turn. 
When the grounded conductor is found, 
disconnect it so that it will be in two 
sections. Now test, in the center panel 
box, the center of the section in which 
the ground is found, and disconnect as 
before. 

Continue this process until the 
ground is located between two panel 
boxes. These tests have been made in 
panel boxes because in these boxes all 
the conductors are accessible without 
removing their insulation. The ground- 
ed conductor should be disconnected in 
a conduit fitting about midway be- 
tween these panel boxes and tested 
each way as before. Finally the 
ground will be brought down to the 
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conductor extending between two con- 
duit fittings. If this short piece of wire 
still shows a ground it should be re- 
moved and a new piece pulled in. 
Concord, Mass. DONALD FERGUSON. 


* * * * 


In answer to J. L. B. in a recent 
issue, when locating short-cireuits and 
grounds in power circuits run in con- 
duit it is of great advantage to have 
cutout boxes or busbar panels here and 
there along the lines. At these points 
the conductors can be parted, which 
helps to locate the trouble sought. 

Then again, it is very necessary on 
a switchboard of any appreciable size, 
to have a ground detector voltmeter, or 
just plain ground lamps, so arranged 
that all feeders may be tested. The low 
glow of each lamp shows, of course, 
clear lines, but one extra bright lamp 
shows a ground. With the voltmeter 
and testing plug tests should be made 
often, at least once a day, on each leg 
of the system. When a switchboard 
is so equipped, a ground or short-cir- 
cuit is not hard to find; it merely takes 
time. First, if a ground shows on the 
lamps or the meter, leave it there for 
a while; then when opportunity per- 
mits, as at noon, or after working 
hours, open first one and then another 
of the feeder switches for the various 
departments. Watch the detector and 
see what particular switch clears it off. 
This is the defective feeder circuit. 

Close the switch, tag it, and allow 
the ground to show up again on the 
indicator. Then go along the line to 
the nearest busbar panel or cutouts 
and open all legs of the line; return 
and see if the ground is still showing 
on the detector. If so, the trouble is 
certainly between the switchboard and 
the first cutout or panel. If the ground 
fails to show, then this section of the 
line is OK., and the trouble is some- 
where beyond it. 

By the way, instead of returning to 
the switchboard to observe the detec- 
tor each time a line is opened, a port- 
able detector may be used, connected 
at the cutout or panel where the line 
is opened. This detector must be on 
the generator side, not on the far side. 

This detector will indicate just as 
well as the one on the switchoard and 
may be made of one lamp, or a set of 
lamps, for each leg of the line; all 
these should be connected with a com- 
mon return which is grounded to the 
conduit. 

Make tests at first one cutout or bus- 
bar panel and then at the next, always 
connecting the portable ground detector 
on the generator side when the line is 
opened. Before long you will likely 
find a cutout which will still show the 
unbalanced ground lights when the line 
is opened. The trouble is between this 
point and the last place where the 
ground cleared off. 

It is not a hard matter to locate 
such troubles, but it is often a very dif- 
ficult job to pull out the conductor 
and draw in another. By the way, 
patching a bad spot with tape is not 
trustworthy, as it may ground again 
simply by pulling it in. The surest 
way is to draw in a new conductor; it 
is worth the price to get rid of the 
ground or short. 
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The writer has in this manner 
cleared off grounds showing up on the 
main switchboard when they were 
found to be simply a bare flexible lamp 
cord or two lying over an iron pipe at 
the far end of the plant. 

In this case the portable detector 
showed its ground right out to the 
last cutout on the line; then there was 
nothing to do but to look over all the 
branch circuits. Such a stunt is not 
at all difficult; it merely takes time. 
Jamestown, N. Y. H. S. Rich. 
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In answer to J. L. B., in a recent 
issue, there are a number of ways 
of testing for grounds and short-cir- 
cuits in power lines. I think that one 
of the quickest and most practical 
ways is to take out the fuses, both of 
which will probably be blown, of the 
main in which there is a short-circuit. 
These fuses should be replaced either 
by one fuse and a lamp or by two 
lamps. If the main carries 110 volts, 
a 110-volt lamp or lamps should be 
used. If the voltage is 220, a 220-volt 
lamp or two 110-volt lamps in series 
should be used, and so on according to 
the voltage of the main. If there is no 
other load on the line at the time of the 
test, the lamp or lamps will burn if a 
short-circuit exists. 

The next step is to pull out the 
branch circuit switches, one at a time. 
As soon as the short-circuited branch 
is opened the light will go out. 

Next, move the lamp up to one of the 
fuses of the branch circuit; then start 
at the middle and break the line. If 
the lamps go out, the short-circuit is 
beyond this break. Resolder the joints 
and move up to the next junction box 
and repeat the operation until the 
short-circuit is located. 

If you are looking for a ground, 
make sure that the test lamp is in the 
grounded leg. I might mention here 
that when testing a lighting circuit by 
the lamp method, make sure that all 
lamps are out of their sockets or that 
the separate switches are open. 

A testing magneto may also be used 
for locating trouble, but two men will 
be required. Personally, I do not like 
a magneto as it will often ring through 
when there is no ground, or at least no 
ground which is heavy enough to war- 
rant taking out the wires. I had this 
experience on a 350-hp., 440-volt, 200- 
r.p.m. motor. The magneto indicated a 
ground, but the 440-volt test light 
would not light, nor could I get an arc 
when I touched the winding directly 
with the 440-volt lead without the 
lamps. This motor, which was a re- 
versible and plugging type, was used 
on a coal hoist where it gets the rough- 
est kind of treatment, but although this 
test was made eight or nine months 
ago, the motor is still running. 

As to other methods of testing, there 
is the voltmeter method wherein by 
Ohm’s law you can figure the resist- 
ance between one end of a grounded 
wire and the ground. This will give 
you an approximate idea of where to 
look for the ground, if you know the 
resistance of the wire per foot. There 
is also the Wheatstone bridge method. 

NICHOLAS J. WEISS. 
West New York, N. J. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


How to Make a 
Tumbling Drum Washer for 
Rags and Overalls 


SIMPLE washing machine, made 

from a vinegar barrel in a mount- 
ing upon which it can revolve, forms 
part of the equipment of a small shop 
and is used to wash out wiping rags 
as well as the greasy and dirt-laden 
clothes of the shop workmen. The sim- 
plicity and serviceability of this de- 
vice are illustrated in the attached 
sketch, as being suitable for general 
use where time and the requirements 
make an inexpensive washer for heavy 
materials a feature worth adopting. 

The first step in its construction is 
to open the barrel by removing a top 
hoop and one head. Large bolts, about 
1 in. in diameter, are secured at the 
centers of each head, with washers 
on both faces, to form trunnions. Four 
or five strips of oak or other wood 
are fastened longitudinally inside the 
barrel as shown. These strips are 
made of 1-in. wood about 3-in. wide 
and, during the washing turn the 
clothes instead of permitting them to 
slide around. An opening about 6 in. 
by 7 in. is cut in the center of one side 
by cutting out a section of staves. This 
opening is used for inserting and re- 
moving the contents. The door is edged 
with rubber or some similar material 
to form a gasket and held with a small 
clamp. 

A support frame is made from 2-in. 
by 4-in. planks to cradle the barrel on 
the bolt trunnions. This washing ma- 
chine may be turned by hand if a han- 
dle is attached to one of the protruding 
bolts or it may be driven with a belt 
about the outer surface of the barrel. 
If a belt is used, a guide ring or plate 
is placed to prevent the belt from climb- 
ing the barrel. A flat pulley surface 
may be built up by using strips of old 
belt. The materials to be washed are 


This shop washing machine may be 
easily constructed from an old 
barrel. 


placed in the barrel, which is then 
about half-filled with soap and hot 
water and revolved for half an hour. 
By that time the clothes are thoroughly 
cleaned of the heaviest dirt and grease. 
Where cleaning compounds are used it 
is well to see that they are not so 
strong as to damage the clothing. 
Washington, D. C. G. A. LUERS. 


Standardized 
Identification Markings for 
Piping Systems 


HE problem of devising some meth- 

od of identifying pipe lines has been 
carefully studied by the Sub-Commit- 
tee on “Identification Markings Other 
Than Color’ under the sponsorship of 
the American Society of Mechanical 
Engineers and the National Safety 
Council. The first efforts of the com- 
mittee were centered upon a combina- 
tion of symbols or hieroglyphics along 
with a legend to designate the nature 
of the contained fluid or gas. This 
simple idea was discarded entirely be- 
cause of the difficulty an operating 
force would encounter in recalling to 
mind the different shapes and forms of 
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the symbols and their meanings, and 
the probable necessity for each indus- 
trial plant publishing its code. 

It is recommended that the identifica- 
tion markings consist principally of a 
lettered legend, abbreviated or other- 
wise, which names the material carried 
in the pipe line. Where a knowledge 
of the direction of flow may be of serv- 
ice, it is suggested that arrows also be 
painted on the pipe. To make the 
marking more visible on pipe lines, 
which are located some distance above 
the normal line of the operator’s vision, 
as shown in the upper right section of 
the accompanying sketch, the lettering 
should be placed below the horizontal 
center line of the pipe. Also, it is de- 
sirable where the view is unobstructed 
that the lettering be stenciled on the 
two lower quarters of the pipe cover- 
ings, rather than on one side only. Put- 
ting lettering on the under side will 
render it less liable to be obscured by 
dust collection or by mechanical dam- 
age of any nature. 

In certain types of plants it may be 
desirable to label the pipes at junction 
points or points of distribution only, as 
is suggested by the accompanying 
sketch. In some power plants, the 
markings are repeated at intervals all 
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Suggestions on markings for iden- 
tifying pipe lines. 

The sketch in the upper right-hand 
corner shows how overhead pipe 
lines should be marked on the lower 
side so that they may be more 
easily seen from the floor and also 
not be obstructed by dust deposits. 
The large sketch shows a recom- 
mended stenciling for pipe lines. 
Generally, pipe coverings are white; 
however, on black coverings or 
black pipe, it is well to stencil a 
spot with aluminum paint and then 
stencil the identification marking 
over it. 


along the pipe line. In any case, the 
operating man should decide the loca- 
tion and number of signs required in 
each particular system of piping. 
Stencils of standard sizes are easily 
obtained from any stencil manufac- 
turer. The letters of these range in 
height from % to 3% in. For pipe 
smaller than % in. in diameter, identi- 
fying marks are best made by the use 
of a metal tag with the letters promi- 
nently indicated by etching and filling 
in with enamel. The accompanying 
tabulation shows the suggested height 
of stenciled letters for different outside 
diameters of pipe or pipe covering. 
Vehicles have been developed, which 
with aluminum powder, make a paste 
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Recommended Stencil Sizes for 
Marking Pipe Coverings 
Outside Dia. 


of Pipe or 
Covering, 
Inches 


Bize of Outside Dia. Bise of 
of Pipe or Stencil 

Covering, Letter, 

Inches Inches 


5 1% 
6 1% 
7 2 
8 214 
9 2% 
10 3 
11 3 
12 3% 
13 andover 


that will stand up under temperatures 
ranging from 700 to 900 deg. F. with- 
out loss of color or adherence. Black 
letters for dark coverings may be either 
painted or stenciled on a rectangular 
background of aluminum paint, as 
shown in the lower right-hand corner 
of the accompanying sketch. 


How Installing a 
Yard Crane Overcame a Bad 
Loading Condition 


T THE Bradney Machine Co.’s 

plant in Middletown, N. Y., the 
operating staff was confronted with a 
condition that seemed hard to over- 
come. The property had been pur- 
chased at a time when industrial build- 
ings of any kind were at a premium. 
However, this one was ideal for the 
work of the new company, with the 
exception of loading and unloading cars 
on the adjoining siding. But a study 
of physical conditions showed the en- 
gineer that a yard crane could be used 
to handle this work to good advan- 
tage. Also it could be installed at no 
great expense. The cost of operation 
would be low, which was also an ad- 
vantage in its favor. 

The crane, as it was installed, is 
shown in the accompanying illustration. 
The 40-ft. boom swings through an arc 
of 180 deg., serves a storage yard for 


This yard crane handles all heavy 
incoming and outgoing materials 
from cars to the shop, a distance 
of about 50 ft. and a difference in 
elevation of 14 ft. 
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structural shapes and is used for load- 
ing the finished products on flat cars as 
well as for unloading. All shipments 
either way are handled through the 
local freight depot but incoming ma- 
terial, such as a carload of steel and 
outgoing fabricated products up to 10 
tons in weight are placed on flat cars. 
To work this latter material up the 
hill to the track level and then hoist it 
4 ft. higher ready to shove over on the 
car would cost as much as the profit on 
the work, if done by usual riggers’ 
methods. Also, it would require the 
services of a number of men over a 
considerably longer period than it takes 
the crane to do it. 

The crane is mounted on the bank, 
2 ft. lower than the rails, 20 ft. from 
the center of the track, and a longer 
distance from the building, the ship- 
ping door of which is shown at the 
extreme left. A 2-ft. gage industrial 
track which runs out of that door paral- 
lels the structural storage ground and 
ends near the anchorage for one leg of 
the crane. Fabricated material for ship- 
ment from the shop is run outside on 
shop cars, picked up by the crane, 
hoisted and swung over on the cars—a 
distance of about 50 ft., and a differ- 
ence in elevation of 14 ft. The cost 
of handling in this way is little more 
than if railroad cars ran directly into 
the building. DONALD A. HAMPSON. 
Plant Superintendent. 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


One Method of 
Making a Close Seam When 
Laying Linoleum 


NDUSTRIAL maintenance men are 

frequently called upon to lay lino- 
leum in offices and other sections of in- 
dustrial plants. The durability of lino- 
leum when placed where considerable 
traffic crosses the seams in the abut- 
ting strips is dependent, to a large ex- 
tent, upon the care used to obtain an 
unbroken layer of this floor covering. 
When seams do not meet evenly and 
without gapping and also when one edge 
of the linoleum stands slightly above 
the other, the result is visible and rapid 
wear at the junction. 

One method of making seams in lino- 
leum and securing these seams to the 
floor so as to avoid the gap or up- 
standing edges, which was used by a 
carpenter in placing linoleum in an of- 
fice building, is as follows: 
step was to overlap the edges of the 
linoleum and, with one edge as a guide, 
cut the adjacent strip to an exact fit. 
The edges of the linoleum were then 
turned back and the floor and the bot- 
tom edges of the linoleum were brush 
coated with a thick layer of spar var- 
nish. After allowing this to dry for 
about 2 hr., the linoleum was pressed 
down to the floor and held by the tacky 
varnish. To keep the edges from ris- 
ing a board was placed over the seam 
and ordinary building bricks placed on 
the board. The varnish was allowed to 
set for two days. The work was both 
neat and effective and the seam was 
almost invisible at the edges, as the 
varnish filled in the space between the 
two pieces. 
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Magnet Removes Tramp Iron 


in Cement Mill 


N THE process used by the Security 
Cement & Lime Company of Ha- 

gerstown, Md., for making cement, 
limestone and cinders are crushed in 
hammer mills and mixed before being 
placed in kilns to be burned to clinker, 
after which the clinker is ground to 
form cement. 

The raw material is put through 
three different crushing operations, so 
that if any scrap iron is present in the 
material, it is certain to do consider- 
able damage to the crusher. To re- 
move any scrap iron or steel that may 
be present in the cinders or limestone, 
lifting magnets are placed over the 
conveyor belt leading to the crusher, in 
the manner shown in the accompanying 
illustration. The magnets used are the 
regular No. 3 lifting magnets made by 
the Electric Controller & Manufactur- 
ing Company. They are suspended 
fairly close to the conveyor belt and 
any iron or steel in the material on 
the belt is attracted and held. 

The cinders are bought from rail- 
roads and power companies around the 
country. These companies have no 
reason to be careful about guarding 
against the presence of scrap iron or 


Lifting magnet suspended over 
conveyor belt removes scrap iron 
and steel m materials fed to ham- 
mer mill crusher in cement plant. 
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For this section ideas and practical methods devised 
to meet particular operating conditions are invited 


The items may refer to inspection, 


overhauling, testing or special installations. 


steel. For that reason the magnet that 
hangs over the cinder conveyor soon 
picks up a motley collection of junk. 
Bolts, nuts, broken tools and the like 
are in the pile of iron that is cleaned 
off of the magnets every day. As the 
company quarries its own limestone, 
the workmen are more careful and less 
iron is picked out of it by the magnet 
suspended over the limestone conveyor. 
E. F. Guth, the superintendent of the 
plant, states that the installation of 
these magnets over the conveyors has 
saved hundreds of dollars by prevent- 
ing breakdowns of the crushers and 
consequent shutdown in the plant. 


Portable Motor Testing Table 
and Motor Record System 


HAVE read with interest from time 

to time in INDUSTRIAL ENGINEER how 
operators have made motor tests while 
the motors are in service and have 
thought that others may be interested 
in knowing how our motors are tested 
and our records are kept. 

The accompanying illustrations show 
several sample “Motor Data” cards 
which are used for all of our motors, 
numbering 172, of which 95 are frac- 
tional horsepower and 77 range from 
1 hp. to 35 hp. Our data cards are 
indexed according to departments, so 
that a quick reference may be made. 

Our single-phase motors are tested 
with a voltmeter and ammeter, while 
for testing the three-phase motors we 


Fig. 1.—Cireuit layout for testing 
table shown in Figs. 2 and 8. 


have constructed a portable table, 
shown in the accompanying sketches 
and photograph. The table frame was 
made of maple and the top and shelf 
of cedar. It is equipped with three 
rubber-tired wheels to minimize vibra- 
tion. A handle was made of &. in. 
pipe and fittings which also serve to 
hold the flexible connecting cable, while 
moving the table about. One end of 
a 6-wire, extra-flexible cable is at- 
tached to the terminal board and the 
other end is connected to three 60-amp., 
600-volt empty fuse cartridges. The 
ferrules are drilled and tapped and 
the conductors attached with terminals. 
Adapters were secured which permit 
connections to be made at any of the 
30-, 60- or 100-amp. safety switches at 
each motor or compensator. 

On the test table Fig. 1, switches 
(A) and (B) transfer the voltage and 
current readings of the three phases. 
Switch (C) changes the current read- 
ing from direct reading to reading 


ms 55 switches, 


Fig. 2.—Top and side view of test- 
ing table showing construction and 
the equipment it carries. 
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with the transformer in circuit or vice 
versa. Switch (D) is used to short- 
circuit the current coils in the watt- 
meter. Switches (1), (2) and (3) are 
short-circuiting switches in the am- 
meter circuits. 

With (A) and (B) forward, (2) and 
(8) closed and (1) open, the current in 
line (1) and the voltage across lines 
(1) and (2) is indicated. With (1) 
closed, (A) pushed backward, (B) re- 
maining forward, (3) closed and (2) 
open, current in line (2) and voltage 
across lines (2) and (3) are indicated. 
With (1) and (2) closed, (A) forward, 
(B) backward, and (3) open, current in 
line (3) and voltage across lines (1) 
and (3) are indicated. Switches (1), 
(2) and (3) must always be kept closed 
when moving switches (A) or (B). 

The efficiency and power factor rat- 
ings at various loads, as shown on the 
cards, are obtained from the motor 
manufacturer. As opportunity offers 
“no load”? readings are taken and 
recorded on the test cards. These cards 
are arranged numenically according to 
motor number and are kept in the 


These motor data and test cards 

give all data needed on efficiency, 

power factor and load conditions, 

together with observations result- 
ing from inspections. 


Fig. 3.—Testing table shown in 
drawings of Fig. 2. 

The heavy flexible connecting cable 
is made up with six flexible conduc- 
tors connected at one end to the ter- 
minal board of the table. The other 
six ends are connected to empty fuse 
cartridges. To support the weight 
of this cable a hook is provided at 
the fuse cartridge ends so that it 
can be hooked into the latch of the 
switch box of the motor being 
tested, taking the weight off both 
the connectors and fuse clips. 


drawer with the “Motor Data” ecards. 
Provision has been made for recording 
meter record numbers, etc., and it is 
expected that recording meters will be 
added to our equipment at some future 
date. The backs of the test cards have 
spaces for information regarding the 


MOTOR DATA 


Card No. 
Make 4. lac 
Location 
Class 
Rating 


, Ac Date 
Form 3 Size Ñ 
hrs. 


Extras 
Repairs . 22 p4 
P 


— 2 


Make 
Size 
Inspected 


Repairs 


A 


Frame No. 
°C. rise. Volts //O Amperes / e N. L.S ss00 F.LS. 
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Efficiency |== Haruka Power Factor ** wee 
eats 5” 5 
(As A 2 


Motor No. /O// 
Phase / Hl. P. a 
277 Serial No. 7055700 
Type Sa. Style No. A Wourdk 


153] Watts at full load 
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Serial No. 


MOTOR TEST CARD 


Card No. 


Rating 


50% | 754 | 100% [128% 
Efficiency meee 4 
Extras J 2 2 Ar. G- 
Chart Feed inches per hour, minute. 


Date 0 


JP} P Oac 
Location Howie. Y ae tt yr Re 
Class Fo K Size Frame“ /o 
hrs °C rise Volts 550 Amperes /6 


Power Factor | 
Amperes No Load 


24 1924 
Rebbera 


Motor No. 42 
Phase 3 H. P. ss 


Style No. 
N. L. S. 20 F. L. S. 720 


Type Z 


Watts No Load 
Chart No. 


ne e Gl d a aa a a a a ig? per a a, EBT Moe Ge a ae 
Motor:—oily, dirty, eleen. Air gap, front end, Top, .0 45 L. S. O25. R. S. s Bottom. o/s” 
in bearir K 


Oil in bearings 
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mechanical end of the drive, but this 
is not used to any extent yet. 

The eard system has been in use less 
than a year, but already it has proved 
superior in several ways to our old 
1 of keeping motor records in a 

ook. 


Chief Electrician, 
Mercury Mills, Ltd., 
Hamilton, Ont., Canada. 


J. F. MORGAN. 


Comment on 
“Single-Phase Operation of 
Polyphase Motors” 


HE interesting article by Profes- 

sors Warner and Hall on “Single 
Phase Operation of Polyphase Motors“ 
in the April, 1925, issue, conveys an im- 
pression concerning the protection af- 
forded by fuses on polyphase motors 
which is incorrect, although it is caused 
by what is left out, rather than by 
what is contained in the article. 

As these writers point out, there is 
always a 73 per cent increase in cur- 
rent in the phase still connected after 
one fuse blows, whether it is a star- or 
delta-connected motor. 

Let us consider the case of a motor 
taking 110 amp. at full load, protected 
by 100-amp. fuses properly designed 
and correctly installed. Suppose the 
motor is overloaded and the current 
increased to 130 amp., which causes one 
of the fuses to blow. The motor con- 
tinues to run single phase. Obviously, 
the other two fuses will have been 
heated almost to the fusing point and 
the only reason why they did not blow 
with the first fuse, is because it is im- 
possible to get one fuse to blow at 
identically the same moment as another. 
However, on the blowing of the first 
fuse, the two fuses still remaining in 
circuit are subjected to a current 73 
per cent greater than that which 
caused the blowing of the first fuse, 
or a total of 225 amp. A 100-amp. fuse, 
starting cold, will blow at 225 amp. in 
7 sec., but having already been heated 
as mentioned, the 73 per cent increase 
of current will cause one or both of the 
remaining fuses to blow in a second or 
two. How then is the motor to con- 
tinue to run single phase? 

The argument might be raised that 
at the exact moment that the first fuse 
blew, the load was decreased to such 
an extent that the remaining two fuses 
would not blow. Such a decrease, how- 
ever, would have to be almost 50 per 
cent. If the decrease in load were only 
one-quarter, there would still be a cur- 
rent of 169 amp. flowing, which would 
cause the blowing of one or both of 
the remaining fuses in a few seconds. 
In other words, to keep both of the re- 
maining fuses in service, there would 
have to be a drop-off of one-half of the 
load in less than one second after the 
fuse blew—a coincidence that can be 
1 labelled a -million-to-one 

ot. l 

The argument might be raised that 
a momentary overload or the starting 
current overload would cause one fuse 
to blow without blowing the other two 
fuses. A properly-designed and cor- 
rectly-installed 100-amp. fuse will 
carry 120 amp. indefinitely. It will 
blow at 173 amp. in 21 sec., and yet it 
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will not blow at a load of 275 amp. in 
less than 3 sec. This, in all ordinary 
cases, will take care of the starting 
current of the motor. Presuming, how- 
ever, that the starting current is 80 
great as to cause the blowing of one 
fuse, and realizing that the starting 
current lasts but a second or two, it is 
obvious that we would have to have a 
current of 300 amp. or more. All three 
fuses are, of course, subjected to this 
300-amp. current. One of the fuses 
blows and at the instant of the blow, 
the other two fuses are subjected to a 
current 73 per cent greater, or a total 
of 519 amp., which would cause the 
blowing of one or both of these other 
fuses in less than 1/5 sec. Admit- 
ting that the starting current is drop- 
ping off at about that time, we cannot, 
however, get away from the fact that 
there is 73 per cent increase in cur- 
rent at the exact instant of the blowing 
of the first fuse and even though the 
load should be dropping off at that 
time, such a surge of current after the 
fuses had been heated up almost to the 
fusing point would cause the blowing of 
one or both of the other two fuses 
practically instantaneously. How then 
is the motor to continue to run single 
phase? 

It might be argued that the motor is 
only 69 per cent loaded when one fuse 
blows. The 73 per cent increase in the 
remaining phase would give a current 
of 119.37 amp. which the other two 
fuses will continue to carry, but how 
is the first fuse to blow at 69 per cent 
of full load? . 

It might be said that motor burn-outs 
do take place because of single phasing 
of three-phase motors. This is admit- 
tedly true, but it is not true that such 
damage has ever resulted in motors 
protected by properly-designed and 
correctly-nstalled fuses. It will be 
found that whenever such damage has 
occurred, the fuse which first burned 
out did so because of poor contact, or 
in other words, because of heat caused 
by the resistance of a poor contact. 

When fuses are incorrectly installed, 
that is to say, are subjected to poor 
contact, a 100-amp. fuse might blow at 
a load of 69 amp. The 73 per cent in- 
crease of current in the remaining 
phase would give a current of 119.37 
amp. which would injure the motor, but 
would not blow the other two fuses if 
both of them were correctly installed 
and were not subjected to poor con- 
tact. It is in such cases as this last 
one that polyphase motors protected by 
fuses can damaged, and in such 
cases only. A polyphase motor pro- 
tected by properly designed fuses that 
are correctly installed is really pro- 
tected. The fuses protecting any one 
motor should be all of one make and, 
of course, all of one size to insure such 
protection. 

Poor contact on the fuse may be 
caused by: (1) poor contact of the fuse 
in the fuse block clips; (2) improper 
renewal of the fuse; (3) overloading 
of the fuse case; (4) loose lugs on the 
fuse block clips; (5) poor soldering of 
the connecting wire into the lugs. 

All of these things can easily be 
guarded against in a well-run plant. 
They should always be guarded against 
whether fuses, circuit breakers or over- 
load relays are used because the ex- 
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traneous heating resulting is bound to 
give trouble no matter what kind of a 
device is used. 

From all of this it is readily appar- 
ent that fuses of proper design, cor- 
rectly installed, will not permit a poly- 
phase motor to run . phase. 


Chief Engineer, L. LUDGE. 
Bussman Manufacturing Co., 
St. Louis, Mo. 
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I agree with Mr. Lodge in his state- 
ments that with fuses of uniform qual- 
ity, correctly rated, and properly in- 
stalled for a given motor, there will be 
very little danger of single-phase oper- 
ation, but in actual practice we find 
that fuses are not uniform, have poor 
contacts, or are not properly installed 
and, of course, once in a great while 
there may be a defective fuse. His 
summary of fuse installation faults is 
particularly good. 

There is, of course, a possibility of 
single-phase operation from a ground 
or single-phase short-circuit which 
might blow a fuse in a single wire. This 
ground might not be in the motor and 
might cause a fuse to blow which would 
affect several motors. 

Badly unbalanced voltages are all too 
frequent. They cause a motor to take 
unequal line currents and in extreme 
cases one current might become great 
enough to blow a fuse while the cur- 
rent in the other lines was not great 


enough to do so. R. G. WARNER. 
Electrical Engineering Department. 
Yale University, 

New Haven, Conn. 


Proper Care of Motor Bearings 
Essential to Good Service 


ANY industrial plants have 

learned by experience, and at 
considerable expense, the amount of 
trouble caused by worn bearings in ro- 
tating electrical machinery. In order 
to cause trouble, bearings need not be 
worn to such an extent that they allow 
the rotating element to rub on the sta- 
tor or poles, as the case may be. Seri- 
ous trouble has been caused in machines 
whose rotating element was still free 
to turn. For instance, if a d. c. gen- 
erator is not equipped with equalizer 
connections in the armature winding, 
large cross currents will be set up in 
the armature when the bearings wear 
and allow it to come closer to the fields 
in the lower half of the frame, than to 
those in the upper half. This causes 
one-half of the armature winding to be 
overloaded, while the other half is un- 
derloaded, due to a higher voltage be- 
ing generated in the lower half of the 
armature windings than in the upper 
half, and usually results in poor com- 
mutation, indicated by sparking. 

The modern induction motor is built 
with a rather small air gap between the 
rotor and stator, as compared with the 
motors of eight or ten years ago. This 
change in design has been very welcome 
as the modern induction motor oper- 
ates at a higher power factor and effi- 
ciency than its older brother. Conse- 
quently, we must watch the bearings in 
the up-to-date motor more closely than 
we did in the older one, for the bearings 
do not have to wear very much to cause 
rubbing and probably ruin the motor. 

So far we have been considering the 
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2-bearing machine. In a 8-bearing mo- 
tor-generator set we have three bear- 
ings to watch. Serious trouble has been 
experienced by some with a set of this 
kind, due to uneven wear in the bear- 
ings. For instance, the center bearing 
usually has a much larger bearing sur- 


O O 


Here is a good form of report card 
covering inspection of bearings and 
air gaps on motors. i 


face than the two outboard bearings 
and, therefore, seldom wears as fast. 
The outboard bearings may wear to 
such an extent that the rotating mem- 
ber is entirely supported by the center 
bearing. Each end of the shaft will 
then tend to “whip” and vibration ac- 
companied by poor commutation is the 
result on the d. c. end, if there is a d. e. 
machine on the motor-generator set. It 
is an easy matter to overlook the bear- 
ings when trying to find the cause of 
this trouble, as the shaft may appear 
to be bent. Grinding the commutator 
aggravates the sparking, as flats are 
ground in it, due to the “whip.” : 

If a machine is allowed to run for an 
length of time in this condition it will, 
no doubt, wreck itself as the vibration 
will eventually break open the risers in 
the commutator, where the armature 
leads terminate, causing open circuits 
or at least high-resistance contacts. 
The sparking will grow worse until 
flashing occurs and the machine clears 
itself from the line by opening the 
breaker. Further operation without re- 
pair is then out of the question. 

A system of inspection can be in- 
augurated in almost any plant, whereby 
each motor, generator, motor-generator 
set, or rotary converter is checked for 
bearing wear weekly or monthly, de- 
pending on the conditions. 

The accompanying illustration shows 
an inspection card, which may be used 
by the motor inspector and kept on 
file in the chief electrician’s office. This 
card may be modified to suit conditions. 

Each inspection should be thorough 
and the lower air gap should be checked 
by means of a long feeler gage. In 
this way serious trouble may be avoided 
by installing new bearings when the 
inspection card indicates the necessity. 

Machines equipped with ball bearings 
should be watched in much the same 
way as those equipped with sleeve bear- 
ings, as ball bearings will wear, need 
inspection, lubrication and cause the 
same trouble as sleeve bearings. 

Always keep a good grade of oil at 
the proper level in all sleeve bearings, 
be sure that the oil is changed occa- 
sionally, that the oil wells are clean, 
and you will obtain high efficiency and 
long life from your bearings. 

Service Engineer, GrOBGE B. HERON. 
Westinghouse Electric & Mfg. Co., 
Columbus, Ohio. 
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Mechanical Maintenance of 


Power Drives ng 


Comments on 
Why Shafts Peen Under Inner 
Rings of Ball Bearings” 


HE article which appeared under 

the above heading on page 253 of 
the May issue of INDUSTRIAL ENGINEER 
was very interesting. There are, how- 
ever, some other points that might be 
mentioned and may be of interest to the 
readers of INDUSTRIAL ENGINEER. 

The “shaft peening” mentioned is 
more correctly a rolling action. In the 
accompanying illustration the circle A 
represents the cylindrical shaft. Circle 
B represents the cylindrical inside bore 
of the inner race of the ball bearing. 
If the circle B is by mistake, made of 
very slightly greater diameter than A, 
there will be a line represented by E 
where the belt tension or reaction from 
meshing gears holds these two cylin- 
ders in contact. As the shaft rotates, 
this line moves around both circles A 
and B, but as the inner race of the 
bearing is much harder than the shaft, 
the surface metal on the shaft will be 
rolled away from its original position. 


This sketch indicates how the shaft 
may be “peened” if the bore of the 
inner race is too large. 
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This department will furnish mechanical 
details of installation, operation and main- 


tenance of equipment in the path of power 
service from the first mechanical driv- 


element 


through 


transmitting 


equipment to all driven machines. 


This action can be completely stopped 
by making the bore of the bearing 
slightly less than the shaft diameter, 
so that there will always be a slight 
press-fit. 

Ball bearings of standard design are 
today manufactured to allow for the 
very slight expansion of the inner race 
that occurs from this press-fit. In this 
way, no cramping takes place in the 
bearing when mounted as outlined 
above. 

In larger sizes of bearings, locknuts 
are added to hold the bearing in posi- 
tion lengthwise of the shaft. This 
method of mounting ball bearings is 
standard practice with practically all 
manufacturers of ball-bearing electric 
motors at the present time. - 


Engineering Dept.. R. L. BROWN. 
The New Departure Mfg. Co., 
Bristol, Conn. 


Changing a 
Hand-Power Keysetting Machine 
to Power Drive 


NYONE who has had occasion to 

keyseat shafting with a portable, 
hand-power machine, knows that it is 
not an easy job. Some years ago the 
writer was on mill construction work 
and as there was no machine shop 
within 20 miles, it was proposed to do 
the keyseating of all shafting with a 
hand-power machine. The results of 
the first day were far from satisfactory 
and plainly showed that some means 
must be employed to speed up the 
work, else the shafting could not be 
installed according to schedule. 

In order to speed up the work a 
swinging frame was devised, as shown 
in the diagram, and fitted with a jack- 
shaft and pulleys. The handle of the 
keyseating machine was removed and 
a wood pulley substituted. The swing- 
frame was mounted at (B) by means 
of hollow trunions which surround the 
lineshaft. The stationary trunions 
were bolted to horizontal timbers 
which are not shown, for the sake of 


clearness. The pulley (B) on the line- 
shaft drives the large pulley (C) and 
also a loose pulley, not shown, on the 
jackshaft at the end of the swinging 
frame. The small flanged pulley (D) 
was mounted in an overhanging posi- 
tion on the jackshaft. The pulley (E) 
need not be flanged, although a flanged 
pulley might be more satisfactory. 
The drive was so laid out that pulley 
(E) made 100 r.p.m. The milling cut- 
ters used on the machine were 2.5 in. 
in diameter. The counter weight (F) 
supplied the necessary tension to the 
belt-driven pulley (E). A snubbing de- 
vice (not shown) was used to hold the 
counter weight up and to hold the jack- 
shaft end of the swinging frame down 
while adjusting the machine on the 
shafting to be keyseated. When the 
machine was adjusted the belt was 
held on both pulleys while the counter- 
weight was gently lowered. The belt 
from (B) to (C) was slid over from 
the loose pulley onto (C), thus starting 
the machine. Next, the vertical feed 
was turned down until the desired 
depth of cut was reached. The ver- 


This swinging frame made it pos- 
sible to change a hand- power key- 
seater for power drive and cut a 
standard %-in. keyseat in shaft- 
ing at the rate of 30 in. per hour. 
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tical feed screw was then locked in 
this position and the horizontal feed 
put into gear. This machine, when 
power driven, cuts 30 in. per hour of 
5g-in. standard keyseat. This is an in- 
crease of about 350 per cent over what 
a man will cut by hand in 1 hr. and, 
when an 8-hr. shift is considered, the 
increase is even greater and the opera- 
tor is not tired. 

During the keyseating operation the 
shafting was securely fastened down to 
trestles (bolted to the floor) by means 
of improvised cast-iron V-blocks and 
bolts with yokes across the top of the 
shaft. This was found sufficient to pre- 
vent the shaft from turning and the 
V-blocks on the machine prevented it 
from turning. This device did the work 
in an altogether satisfactory manner 
and was not in the least detrimental to 
the keyseating machine. 

At another time, during repairs, sev- 
eral long keyseats had to be cut; so 
the handle was removed from a port- 
able machine and a modified coupling 
made to fit an air motor installed in 
its place. This arrangement worked 
well for repairs in a plant where com- 
pressed air was available throughout 
the departments. A large electric drill 
could also be used to drive the machine 


and do satisfactory work. 
Construction Engineer, 

Smith Robinson Co W. L. STEVENS. 
Vancouver, B. C. 


Simple Stuffing Box Without a 
Packing Gland 


HE usual method of constructing 

stuffing boxes is to make use of a 
separate gland whereby the packing is 
pushed lengthwise on the piston rod by 
screwing down on this gland. 

On a pump shaft in a power plant 
an unusually ingenious departure from 
the ordinary stuffing box is a box with 
a single screw, which dispenses with 
the costly extra parts and avoids re- 
moval of the gland for repacking, as is 
shown in the illustration. 

As will be seen, in place of the usual 
stuffing box, the cylinder head is drawn 
out into a long section of small di- 
ameter and a recess for the packing is 
grooved inside around the hole through 
which the rod passes. A drilled hole 
leads out from this and terminates in a 
threaded opening for a packing or set- 
screw. 
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Wick packing impregnated with tal- 
low and graphite is fed endwise into 
this opening and encircles the shaft. 
The setscrew makes the packing tight 
by compressing it endwise. Segments 
of packing are placed under the screw 
as required to compensate for wear. 
This is a very simple means of keeping 
packing tight and in this installation 
has given as satisfactory results as 


could be wished for. 
Washington, D. C. G. A. LUERS. 


A Way to Reduce 
Accident Hazards on Power 
Transmission Equipment 

OWER, no matter how controlled or 

applied, is still power. Machines and 
moving parts cannot be instantly 
stopped and consequently the worker of 
today is always exposed to the hazards 
of death or mutilation from the ma- 
chinery and transmission equipment 
near which he works. Humanitarian 
motives generally prompt most em- 
ployers to use every possible means of 
reducing working hazards to a mini- 
mum but even if this motive were dis- 
regarded entirely it is greatly to the 
employers' interest to eliminate every 
possible danger in order to avoid the 
losses incident to expensive lawsuits 
and interrupted production. 

In the past few years much atten- 
tion has been devoted to the protection 
of the worker by safety devices of vari- 
ous kinds, covering of exposed moving 
parts and automatic devices attached 
to saws, punch presses, drills and other 
such machines. Open transmission 
equipment, however, is still found in 
many plants and is an ever present 
menace to the lives and limbs of work- 
ers. It is to this particular phase of 
the subject that we shall confine our 
discussion in this article. 

The necessity for transmission equip- 
ment is due to the fact that driven 
machines nearly always operate at a 
lower speed than the prime mover; 
therefore a means must be provided to 
step speeds down to the proper figure. 
Transmission equipment consists of 
those devices which are used to deliver 
power from the prime mover or source 
of power, to the driven machine. Com- 
prised under this head are belts, pul- 
leys, shafting, chains, sprockets, rope 
drives, open gearing of various kinds 
and enclosed speed reducers. 
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Sectional View of Stuffing Box 


The packing is forced into the cir- 
cular groove around the shaft and 
compressed as much as necessary 
by means of the screw. 
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The hazards from open transmission 
equipment are obviously tremendous. 
Unguarded belts, pulleys, chains and 
open gearing traveling at high veloci- 
ties and driven by power ranging, in 
some cases, as high as several hundred 
horsepower, present a menace to work- 
ers in the vicinity. When loose cloth- 
ing, sleeves, belts or the hair of the 
worker come in contact with these un- 
protected moving parts serious acci- 
dents often result. 

Much can be done to reduce hazards 
on transmission equipment by a care- 
ful study of each individual case con- 
sidered from the standpoint of its po- 
tential possibilities for doing injury to 
workers. Every unprotected rotating 
part placed in a position where a 
worker may at some time or other get 
his fingers, hands, feet, hair or cloth- 
ing near enough to be caught, is a per- 
manent hazard. The one and only 
remedy is to cover, guard or enclose 
the moving parts. This can be done 
more easily and less expensively in 
some cases than in others. A simple 
screen or grating set before the parts 
will be suitable in some cases, but in 
others it is necessary to make special 
sheet metal or cast-iron guards to cov- 
er open gearing, moving pulleys, belts 
and other similar hazards. 

Many plants are using direct drives 
from motors to manufacturing ma- 
chines, which eliminate much of the 
intervening transmission equipment 
otherwise required. This method is 
modern, safe and efficient. However, 
in many cases the speed at which the 
driven machine is operated is much 
lower than that at which the standard 
commercial motors can be secured or 
operated efficiently, and some kind of 
reduction unit is necessary. 

One of the safest methods of trans- 
mitting power and obtaining speed re- 
duction of the desired ratio is through 
the use of unit enclosed drives known 
as speed reducers. These machines are 
somewhat similar to the transmission 
of an automobile in that they consist of 
trains of gears enclosed in a suitable 
case or frame, but they differ in that 
they are designed to operate at a fixed 
ratio of reduction instead of a variable 
ratio as in the case of the automobile 
transmissions. 

The frame resembles that of a motor. 
The gears are entirely enclosed, operate 
in oil and there are no exposed moving 
parts to endanger the workers. The 
reducing unit is so constructed that 
power is delivered to one end, called 
the high-speed end, by the prime mover 
and the desired speed reduction ob- 
tained through the various gears in the 
machine. The power is then delivered 
at the reduced speed to the slow-speed 
shaft which may or may not be con- 
centric with the high-speed shaft. In 
installing a speed reducer it is only 
necessary to connect the high-speed 
shaft through a flexible coupling to the 
motor or other source of power and 
connect the low-speed shaft through 
another flexible coupling to the machine 
to be driven. 

The reduction of hazards on trans- 
mission equipment is a subject worthy 
of the most serious consideration. 
Chief Engineer, HARRY C. PETERSON. 


Foote Bros. Gear & Machine Co., 
Chicago, III. 
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Quick and Easy Way to Remove 
Cores of Fans 


N SOME small a. c. fan motors, 
it is sometimes necessary to re- 
move the core and coils from the frame 
when making repairs. Many motors 
have the fan end bracket integral with 
the frame. 
On those motors that have the 
bracket screws tapped into the core, if 
the other bracket is loosened and a 


wedge inserted between it and the 
frame, one on each side, the core will 


slide out with the bracket. This is 
about the only way it can be done 
quickly and easily on some small fan 
motors. 

The lamp cord from the base of the 
motor sometimes burns off and in order 
to repair it efficiently it is necessary 
to remove the core, and here is where 
the above mentioned scheme comes in 
handy. 

Of course this method does not apply 
to motors where the bracket screws are 
tapped into the frame. 

I want to state that I have received 
much help and many ideas from INDUS- 
TRIAL ENGINEER and if this scheme will 
be of assistance to other readers I shall 


be very much pleased. G. H. ENNIS. 
The Electric Maintenance Co., 
Providence, R. I. 


Easy Method of 
Making Special Sockets to Fit 
Odd-Size Nuts or Bolts 


SUALLY it is difficult to obtain 

sockets for use in connection 
with small or odd-sized nuts and on 
bolts with special heads. The brace- 
handled socket wrench affords the de- 
sirable advantage of speed, as the 
socket is set over the bolt or nut and 
is turned continuously to remove or 
tighten without changing the wrench 
position on each part of the turn. 


In the Repair Shop 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 
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Special sockets, which can be used as 
slip sockets in either the solid or re- 
movable types of socket wrenches can 
easily be made from ordinary hex- 
agonal nuts, as is shown in the 
illustration. This is a practical, time- 
saving kink which can be used to 
considerable advantage in almost any 


repair shop. 


Obviously, the nut which is con- 
verted into any of the special sockets, 
should be sufficiently larger than the 
bolt head on which it is to fit to secure 
a wall of at least 3-16 in. of metal 
around the socket after it is machined 
or filed out to size and shape. 

The slip socket may also be used 


with either the adjustable or open-end 
wrenches and will be found to protect 
the bolt head when the 8 5 


to turn. 
Washington, D. C. 


UERS. 


With several of these specially- 
slotted hexagonal nuts a socket 
wrench may be used on almost any 
shape or size of nut or bolt head. 
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Convenient 
Arrangement for Dipping and 


Baking Armatures 


IPPING and baking armatures is 

yielding handsome returns in the 
form of longer armature life, thereby 
causing less maintenance and fewer 
motor outages in many industrial 
plants and in electric railway systems. 
This process results in coating and im- 
pregnating the armature with a var- 
nish that prevents loosening of the coils 
and consequent chafing. It also aids in 
resisting the attacks of oil and mois- 
ture on the insulation. 

The possibility of pulverizing the 
insulation on the wires, brought about 
by vibration of the wires, one against 
another, or against a nearby coil, is 
eliminated by virtue of closing up all 
the space resulting from the drying out 
of the insulation used in the coil proper 
and that used as slot insulation when 
such is used. 

The accompanying illustration shows 
the equipment used by the Harrisburg 
(Pa.) Railways for its dipping and 
baking process. A cylindrical tank is 
set in the floor as shown. This tank 
is deep enough, and of suitable diam- 
eter, to accommodate the largest arma- 
ture that comes through the repair 
shop. In practice it is preferable that 
the inside diameter of the tank be 
about 12 in. greater than the diameter 
of the armature. Unless this distance 
is allowed, dipping a number of arma- 
tures in succession Will cause a rapid 
and excessive evaporation of the var- 
nish thinner, thereby resulting in a 
relatively heavy-bodied varnish requir- 
ing the addition of thinner. 

When the tank is not in use a cover 
(not shown in the illustration) is 
placed over the top; the edge of the 
cover fits into a lip on the top edge 
of the tank. This lip is filled with 
transil oil, making an air-tight seal 
which greatly diminishes the evapora- 
tion of the varnish thinner. A pipe 
connects to the bottom of the tank so 
that the varnish may be pumped out 
when desired. A chain fall is sus- 
pended over the tank, as shown in the 
illustration, to handle the armature 
during the dipping process. 

The procedure in dipping followed by 
this company is as follows: 

An armature which is to be baked 
is first blown out with air and cleaned 
as much as possible. It is then mounted 
in lathe centers and given a benzine 
bath by turning it slowly in a trough 
containing benzine. This trough is 
fitted with a cover which thoroughly 
encloses the armature while it is in mo- 
tion and confines the benzine and va- 
pors to the tank. This cuts all the oil 
and grease that may have worked into 
the winding and loosens up and washes 
out the carbon dust and any particles 
of the old varnish that have cracked 
off, due to vibration and heat. The 
washing operation is considered essen- 
tial because the presence of foreign 
matter in the form of oil, grease, or 
carbon dust in the varnish is detri- 
mental. Mineral oil interferes with the 
drying of the varnish, and carbon dust 
tends to destroy its insulating qualities. 

The armature is then placed in the 
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oven and baked so as to thoroughly dry 
out the winding. After this, the hot 
armature is dipped into Sterling baking 
varnish (Sterling Varnish Company, 
Pittsburgh, Pa.) by means of the chain 
fall suspended over the dipping tank, 
as shown in the illustration. The 
length of time the armature is left in 
the varnish, or the so-called soaking 
period, varies with the size and temper- 
ature of the armature and the condition 
of the varnish, and is roughly defined 
by the statement, “until the bubbling 
ceases.” The armature is then lifted 
out of the varnish and allowed to drain 
for a length of time depending upon 
the size of the armature and the condi- 
tion of the varnish. Thorough drain- 
ing of the armature is desirable. 

After the excess varnish has been 
drained off, the armature is placed on 
the small car shown in the illustration 
and the car is pushed into the oven. 
This oven (made by Despatch 


The dipping tank is placed immedi- 
ately in front of the oven. 


A chain fall located over the dipping 
tank provides a means of han ane 
the armature during the dipping an 

draining process and also for plac- 
ing the armature on the small car 
that carries it into the baking oven. 
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Manufacturing Company, Minneapolis, 
Minn.) is equipped with automatic 
temperature regulation and with elec- 
tric heating elements that operate at 
black heat, which gives them a greater 
length of life than would be the case 
if they operated at higher tempera- 
tures. 

An efficient baking oven cannot be 
constructed from a tight brick enclos- 
ure having a few resistors or other 
heating mediums. This is due to the 
fact that unless an oven is equipped 
with proper ventilation, the various 
functions of the oven during the drying 
process cannot be successfully carried 
out. 

During the baking operation the 
varnish thinner, which is usually ben- 
zine, is driven off as a vapor which 
settles to the bottom of the oven. Some 
means of escape for this vapor must 
be provided in order to secure proper 
drying of the varnish. Since varnish 
dries by oxidation of the gums which 
form its base, after the evaporation of 
the thinner it is necessary that fresh 
air with its oxygen content come in 
contact with the armature in order to 
obtain proper drying. 

During the drying out and the bak- 
ing processes, it is essential that no 
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part of the oven be at a much higher 
temperature than the remainder, for in 
this case there is a possibility of over- 
heating part of the armature and burn- 
ing the insulation. One of the methods 
used to prevent this in well-designed 
ovens is to set up convection currents 
of hot air so as to give a uniform tem- 
perature distribution throughout the 
oven. 


Service Engineer, A. H. KOPPRASCH. 
Electric Service Supplies Co., 
Chicago, III. 


Laying Down Commutator Leads 
in Wave-Wound Armatures 


ANY times when laying down 

the commutator leads in a wave- 
wound armature, trouble is experienced 
in not having very much room between 
the core and commutator to lay the 
wires symmetrically. In most cases, 
the reason for this is the cotton sleeve 
which is placed over each conductor 
for insulating purposes. It is readily 
seen that where there is only enough 
room for the conductors with the 
original covering, and a cotton sleeve 
is put on each wire also, there will be 
quite a bunch built up. 

To eliminate this bunching, first lay 
down the wires coming from one of the 
slots, in the commutator at the proper 
span. Now, instead of laying down 
the wires coming from slot No. 2, or 
the next one to it, skip a slot and then 
lay those wires in, making sure that 
the proper number of bars on the com- 
mutator are skipped. Proceed this way 
(skipping a slot) until you have gone 
once around the armature. The wires 
laid in may then be bedded into place, 
taking care not to break the insulation 
in doing so. When the wires are bedded 
all right, the remaining wires can be 
laid down in the commutator. After 
doing this on a few armatures the 
winder will find that the first layer 
of wires will have taken but little 
space. With a little practice the space 
taken up by the bottom leads will be 
no more than two-thirds of that taken 
up when the leads are laid down sym- 
metrically. 

In very large armatures instead of 
just skipping one slot, skip two each 
time, bedding the wires as you go 
along. This will make a three-layer 
effect which will be of great advan- 
tage, for between each layer of wires 
a layer of 0.005-in. varnished cambric 
can be placed. This will reduce the 
danger of short-circuits caused by ad- 
jacent wires being jammed together 
while bedding them down. It also acts 
as a sponge to absorb the insulating 
varnish used in dipping and makes a 
perfectly solid mass, when baked. 

Before laying down the top wires in 
the commutator, it is advisable to force 
or press a good insulating filling com- 
pound in the short space in back of 
the commutator where the wire insula- 
tion is thin. This will help to eliminate 
short-circuits due to dust particles, 
such as carbon dust and the light cop- 
per dust that is created when sand- 
papering a commutator. 

In laying down the top leads th 
same procedure can be followed. 


Electrical Dept., JAMES H. HANLEY. 
Providence Gas Works, 
Providence, R. I. 


304 


Removing Fumes, 


Gases and Vapors 
(Continued from page 280) 


flow should be provided leading to 
suitably placed slots surrounding the 
source and connected with a strong 
suction. Where large storage bat- 
teries, for example, are used, one 
method of providing ventilation is 
to extend a slot across the front of 
the tank, just above the surface of 
the solution, with the other three 
sides surrounding the tank and 
raised somewhat to prevent the 
fumes overflowing anywhere except 
into the slot. In addition to this, it 
is usually necessary to provide a 
small amount of general ventilation 
at the floor level. 

In a room where gasoline or other 
substances are used which give off 
fumes heavier than air and which 
are not easily collected at the source, 
the use of a system of strong down- 
ward ventilation is recommended in 
which air is admitted near the ceil- 
ing and withdrawn at the floor. 

An arrangement for removing the 
fumes arising from articles which 
have been freshly painted, is to place 
them upon gratings set in the floor 
or bench top and connected with.an 
exhaust fan, as shown in the accom- 
panying sketch shown above. Gen- 
erally, in painting industrial prod- 
ucts with an air gun it is necessary 
to use, in addition, an enclosing hood 
or booth connected with an exhaust. 
The work to be painted is placed in- 
side the hood and the vaporized paint 
or other coating drawn entirely away 
from the operator. Some of the ac- 
companying illustrations show this 
type of work. 

Foundries produce a mixture of 
heavy gases and light water vapor 
which must be disposed of. The 
most satisfactory method in cases 
of this kind, particularly with rooms 
having comparatively low ceilings, is 
to blow in fresh, warm air near the 
floor and along the outer wall, and 
exhaust it through floor registers at 
the center of the building. This will 


Another installation in which the 
185 fumes are exhausted at the 
oor. 


This photograph, like the one shown 
at the beginning of this article, was 
taken at the Deepwater Point Dye 
Works of E. I. du Pont de Nemours 
& Co. Here individual exhaust cas- 
ings are placed around autoclaves 
and removable hoods are placed 
over the discharge valves and are 
exhausted through the rectangular 
ducts shown at the right and left 
top. Fresh air supply ducts are 


also placed above in the center. 
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A down-draft through the bench or 
floor grating removes all fumes or 


dust. 


prevent the formation of fog by ab- 
sorbing the moisture and carrying 
out the heavier gases which settle 
at the floor level. Monitors, where 
available, help to clear the upper por- 
tions of the building of the smoke 
and steam. 

A sufficient volume of air should 
be supplied to produce four or five 
changes per hour over a stratum 10 
or 12 ft. deep over the entire floor 
in iron foundries and two or three 
times that amount in brass foun- 
dries. 

Paper-machine rooms, dye-houses 
and the like require the removal of 
large quantities of moisture to pre- 
vent fogging of the atmosphere and 
dripping upon the product in process 
of manufacture, thereby bringing 
down rust or dirt which would dam- 
age the product. Where the vapor 
rises from large, open vats, which 
cannot be easily covered with hoods, 
probably the best method of removal 
is to provide ample, general room 
ventilation. A generous volume of 
warm, dry air (at about 70 deg. F.) 
supplied near the floor and exhaust- 
ed at the ceiling will take care of 
most cases. The warm air absorbs 


the moisture, and as it becomes fur- 


Down-dratt grating 
in floor 


ther heated by mixing with the air 
of the room, it naturally rises to 
the roof ventilator and passes out, 
often without the necessity of an ex- 
haust fan. Some of the accompany- 
ing illustrations show a few types 
of roof ventilators. These work on 
the principle of an aspirator; that 
is, as the wind blows past or through 
the ventilator, it creates a suction 
which draws the air out of the room. 

Propeller or disk fans are fre- 
quently placed in windows or wall 
openings, particularly in multi-story 
buildings where the vapor is gener- 
ated several floors below the roof. 
Also, these same fans may be used 
in penthouses on the roof and con- 
nected to exhaust pipes which are 
carried down several floors. Where 
the fumes or vapors are particularly 
objectionable, or would stain the 
building it is best to either exhaust 
them on the roof where they will not 
blow back into or against the build- 
ing, or into some kind of separator 
or washer. Frequently, these sepa- 
rators are placed ahead of the ex- 
haust fan, so as to prevent suspended 
material clogging up the fan. This 
procedure is sometimes necessary in 
connection with ventilators attached 
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to painting booths and in some 
chemical processes. 

When the vapor is formed within 
a limited area, it is usually best to 
provide hoods connected with an ex- 
haust fan, and thus prevent its es- 
cape into the room. These hoods are 
placed as close to the work as pos- 
sible without interfering with the 
operations performed. In some cases 
the work is totally enclosed so that 
no fumes or gases can escape into 
the room. This, too, is usually done 
in connection with chemical process- 
es, or where the fumes or products 
are inflammable or explosive. 

Fans of the ordinary steel plate or 
multi-blade type are commonly used 
for handling fumes and vapor where 
the resistance to be overcome is low 
and the volume of air handled is 
comparatively large. Fans of this 
type are ordinarily designed to oper- 
ate under static pressure (or suc- 
tion) up to 5 in. of water which ex- 
ceeds the requirements for practi- 
cally all usual work of this kind. 

If for any reason, greater resist- 
ances are to be overcome, high-pres- 
sure exhausters of special design 
may be employed which are capable 
of maintaining a suction of 10 or 
12 in. of water at the fan inlet. The 
special feature of an exhauster of 
this kind is a narrow fanwheel oper- 
ated at a high velocity. When the 
fan is to handle air containing acid 
fumes or other corrosive gases, it 
must be of special construction or 
otherwise protected to prevent in- 
jury. When the moisture does not 
contain a heavy proportion of cor- 
rosive fumes, it is often sufficient to 
paint the fan and casing with as- 
phaltum or other protective mate- 
rial, but if the fumes are highly 
concentrated, it is often necessary to 
coat the exposed steel parts with 
lead or make them of copper, Monel 
metal, Duriron, Alcumite or other 
material not affected by the particu- 
lar substance to be handled. 

In some cases the problem consists 
in removing an objectionable odor. 
One example of this is the problem 
of providing fresh air for the offices 
of the meat packing companies at 
Chicago, Ill. Here the entire atmos- 
phere for some distance from the 
office is contaminated by the fertil- 
izer and some of the other by-prod- 
ucts of this industry. The air con- 
tains both dust and an objectionable 
odor. The dust can be filtered out, 
but the odor still remains. 

This problem is solved by sealing 
the double windows in the office 
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buildings tightly, so that outside air 
cannot get in, and installing a forced 
air circulation system inside. The 
air is washed to remove the odor and 
dust, heated and circulated through- 
out the building, which is main- 
tained at practically a constant tem- 
perature and humidity throughout 
the year. It is seldom necessary to 
go to these lengths. However, the 
subject of air washing will be taken 
up at greater length in the discus- 
sion of dust removal, as frequently, 
the dust in the air is more objec- 
tionable than the fumes, which are 
removed with the dust. 

Other articles which will appear 
in later issues will discuss the re- 
moval of dust and also the removal 
or transference of heavier by-prod- 
ucts, such as shavings, as well as 
light materials, such as cotton, wool 
and so on, which are also often 
moved pneumatically. 


Rotary Operated as 


Condenser 
(Continued from page 264) 


leading, this commutating diffi- 
culty, even if serious, need not be 
allowed to prevent the desired use 
of the machine. In such a case, it 
is desirable to raise the running 
brushes to save brush friction losses 
and commutator wear. There is no 
need to leave these brushes in con- 
tact with the commutator, for no 
direct-current load is to be carried. 
All rotaries arranged for starting 
from the alterating-current side are 
equipped with brush-lifting devices 
which make this easy. The few 
(usually two) thin, pilot brushes 
which excite the field during start- 
ing will answer equally well for the 
same purpose during synchronous 
condenser operation. Their thinness 
greatly improves commutation and 
often eliminates the commutation 
difficulty. If even these starting 
brushes spark there is another al- 
ternative. If the rotary that is to 
be operated as a synchronous con- 
denser is a spare, and another rotary 
is ordinarily in operation, it is 
usually a simple matter to arrange 
for exciting the spare rotary from 
the direct-current bus fed by the ro- 
tary that is in operation. Many 
switchboards are normally arranged 
for such bus excitation because it 
is the simplest manner of assuring 
correct direct-current polarity when 
paralleling a second machine with 
a machine in operation. Where bus 
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excitation is not already installed, it 
is a simple matter to arrange for it 
by putting in a small knife switch. 
This makes it possible to raise all 
brushes, starting brushes included, 
and eliminate all commutation diffi- 
culty whatsoever. 


How Service Condi- 
tions Affect Belts 


(Continued from page 270) 


less than with the tight side below 
because the sag of the loose side 
tends to become greater as the cen- 
ter distance is increased, thus reduc- 
ing the arc of contact when the loose 
side is below and partly canceling 
the effect of the increased weight of 
belt between the pulleys. Therefore, 
the greatest difference in transmis- 
sion capacity between operating the 
tight side above and operating it be- 
low occurs at the longest centers and 
gradually becomes less with short 
centers until at 4 ft. there is prac- 
tically no difference in the power 
transmitted. 

Careful examination of the data 
taken on pulleys of different diam- 
eters, revealed that the arc of con- 
tact does not seem to have as much 
effect on transmission capacity as 
the pulley diameter, and that the 
effect of reducing the size of one 
pulley is about the same as though 
both were reduced. Thus, a 12-in. 
pulley driving a 36-in. pulley will 
give about the same capacity as 
though it were driving another 12-in. 
pulley. It is likely that when one 
pulley is smaller than the other most 
of the slip takes place on this pul- 
ley instead of being divided between 
the two, thus increasing the co-ef- 
ficient of friction between the belt 
and the small pulley, which tends to 
compensate for the loss in the arc 
of contact on this pulley. The diam- 
eter of the small pulley, or their 
common diameter if they are the 
same size, seems to be the determin- 
ing factor in the power transmitted 
by the belt. 

With this principle in mind, the 
curve in Fig. 8, marked “Small Pul- 
ley Size,” was drawn. It takes care 
of the three factors, arc of contact, 
pulley diameter and pulley ratio and 
simplifies the computations, as com- 
pared with previously-used methods 
of allowing for these factors. 

In addition, if the diameter of the 
smaller pulley is the determining 
factor, then for big drives the same 
thing should hold true. Thus, a 8-ft. 
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pulley driving an 18-ft. pulley should 
transmit the same power as though 
it were driving another 3-ft. pulley, 
or any size between 3 and 18 ft., at 
the same center distance. Data from 
these tests indicate that increasing 
the pulley diameters beyond 36 in. 
does not give much increase in ca- 
pacity; so if both pulleys are larger 
than this the correction factor would 
be 1.00, leaving only center distance 
to be allowed for. The correction 
also becomes 1.00 for center dis- 
tances over 25 ft., when the tight 
side is below, although there is prob- 
ably some increase in capacity for 
greater center distances. 


Slate as Switchboard 
Material 


(Continued from page 275) 


voltmeter; Vz, drop across the un- 
known resistance; and Rv, the re- 
sistance of the voltmeter in ohms. 

In these equations Rz is the value 
sought. The resistance, Rv, of the 
voltmeter can be read from the in- 
strument and is, therefore, known. 
Vz can be ascertained by subtracting 
from the e.m.f., E, impressed across 
the voltmeter and the unknown re- 
sistance in series, the voltage drop 
across the voltmeter. This gives us 
Vx=E—Vv. Then substituting this 
value for the Vz in the second equa- 
tion, the resulting formula is Rx (in 
ohms) RV (E—Vv) —Vv. 

As an example, referring to Fig. 1 
assume that: 

E=Line voltage measured with 
connection indicated by dotted line 
2109 volts. 

Vr Voltage with dotted connec- 
tion removed—1.3 volts. 
Rv=Resistance of 

20,000 ohms. 

Rx—Resistance of insulation to be 
determined. 

Substituting in the formula given 
above, Rx=20,000 (109—1.3) 1.3 
1,656.91 ohms. 

One method of determining 
whether any fault in the slate is due 
to dampness or a metallic conduct- 
ing substance is to disconnect the 
busbar system from the individual 
switches and fuses and then test 
either from switch plate to switch 
plate or from switch plate to 
ground, using the voltmeter or high- 
voltage test. In this way spots 
which have a very low resistance can 
be located. 

If leakage occurs only in individ- 
ual circuits it is probable that me- 


voltmeter— 
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tallic veins are present, whereas if 
the panel shows poor insulation all 
over it may be safely assumed that 
the slate has reabsorbed sufficient 
moisture to cause whatever leakage 
exists. By allowing sufficient time 
for the slate to dry, and providing 
proper ventilation this leakage 
usually stops. 

In those cases where the slate is 
mounted in especially damp locations 
or directly against masonry walls, 
the exposed surface should have a 
coat of black marine finish as de- 
scribed previously, and the back 
should have a coat of any kind of 
varnish which will close the pores. 
These simple, inexpensive precau- 
tions should eliminate all leakage due 
to reabsorption of moisture. 


SWITCHBOARD MATERIALS MusT BE 
PROPERLY INSTALLED 


Upon the method of securing 
switchboard materials to the sup- 
porting framework or walls, rigidly 
fastened and ready for the electrical 
apparatus or machinery, depends in 
great measure the success of the en- 
tire installation. It is not enough 
merely to screw or bolt the various 
portions together; they must be so 
proportioned and arranged that con- 
stant use, varying temperatures and 
the shocks and vibrations incident to 
their use will not affect them. Fur- 
thermore, if installed in damp loca- 
tions, or where there is a lack of cir- 
culation of air, the precautionary 
measures elsewhere described should 
be used. It has been found that 
most of the cases of trouble occur- 
ring after the apparatus is installed 
and in service are actually due to im- 


‘proper mounting of the panels, 


whether of slate or of other similar 
switchboard material, rather than to 
any other cause. 

The very first step in the mount- 
ing of slate, is to make the diameter 
of the holes for the studs which are 
used to hold the panel in place from 
15 per cent to 20 per cent larger 
than the diameter of the bolts them- 
selves, as shown in Fig. 2. 

Since it is practically impossible 
to make either a pipe framework 
with its malleable fittings or an an- 
gle-iron frame so accurate that all 
points of contact conform to a true 
plane surface, some means must be 
provided to compensate for these 
differences in order that neither the 
slate panel nor the framework will 
be distorted when the structure is 
tightened up. The best way to ac- 
complish this, as is already a stand- 


Vol.83, No.6 


ard practice with most of the switch- 
board builders, is to insert between 
the back of the panel and the sur- 
face of the angle iron or the malle- 
able pipe fittings a washer of suit- 
able dimensions of some compressi- 
ble material as rubber, fibre, leather 
or tough paper, as shown in Fig. 2 
and some of the other illustrations. 

The weight of the slate should not 
rest on the screws, bolts, cap screws 
or studs used for holding the slate 
in place on the framework. In the 
case of a complete switchboard as- 
sembly, a channel-iron base should 
be provided, such as shown in Fig. 3. 
A completely erected switchboard is 
shown in Fig. 4. If the switchboard 
assembly does not reach to the floor 
a piece of angle iron should be 
mounted on the framework on which 
the slate slabs rest. 

When extreme conditions are en- 
countered, in which the entire struc- 
ture is subjected to a considerable 
amount of vibration, shock or jar, 
it might be of advantage to insert 
between either channel-iron or angle- 
iron base a strip of packing mate- 
rial such as ordinary rubber pack- 
ing, in order to provide a cushion 
effect. With the weight of heavy 
busbar structures and the stresses 
caused by oil circuit breakers or 
compensators careful cushioning of 
the entire switchboard will greatly 
reduce destructive vibration upon 
the highly sensitive meters mounted 
on the board. This precaution will 
also prolong to quite an extent the 
life of these expensive and essential 
instruments. 

It will also be found of advantage 
to allow plenty of clearance in the 
holes drilled for switch or circuit 
breaker studs to be used in the 
mounting of any other instrument or 
apparatus. It will result in ease of 
alignment and less cost for mount- 
ing, will prevent stresses that may 
fracture parts of the panel and at 
the same time reduce the destructive 
thermal action of momentary over- 
loads on any particular circuit. 

Good circuit breakers or good 
knife switches have been known to 
be spoiled before being actually 
brought into operation by forcing 
them into holes spaced so that they 
would bind the parts, throwing them 
out of alignment and thereby pre- 
venting proper operation. The same 
applies also in the mounting of elec- 
trical instruments. In the case of 
starting compensators, oil switches, 
and circuit breakers, the slate will 
be able to withstand vibration and 
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impacts much better if the studs 
have plenty of clearance, as thereby 
either the washer or the contact sur- 
face of the apparatus will evenly 
distribute the pressure. 

The U. S. Navy specifications are 
severe in regard to the mounting of 
switchboard materials. They were 
primarily designed to protect the 
board against the terrific shock of 
modern gunfire. These specifications 
give a most excellent method for 
protecting installations exposed to 
severe vibration, shocks or jars, and 
are recommended by many authori- 
ties for that purpose. Extracts of 
the essential portion are as follows: 

Panels shall be secured to an ap- 
proved frame of angle iron. Two thick- 
nesses of %-in. rubber packing shall 


be inserted between the bottom of pan- 
els and the horizontal angle-iron sup- 
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port, and one thickness of similar pack- 
ing shall be inserted between back of 
panels and vertical members of frame. 
Switchboards shall be mounted on 
frames of angle iron having dimensions 
not less than 2% in. by 1% in. by % in. 
The importance of properly pro- 
viding for the mounting of slate and 
for the assembling of the angle iron 
or pipe framework should be strong- 
ly emphasized. The construction of 
the framework is, therefore, of espe- 
cial interest. Some of the accom- 
panying illustrations show three dif- 
ferent types of assembly. For 
example, in Fig. 5 is shown an angle- 
iron switchboard frame; in Fig. 6A 
a benchboard frame; and in Fig. 6B 
a pipe frame switchboard assembly. 
Each of these is typical of good con- 
struction and shows suggested meth- 
ods which may safely be followed. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this 
the manufacturer whose name and 


writing to 


ge can be obtained by 
ess are mentioned. It 


is always advisable to state the name and number of bulletin or catalog 
desired, as given in these column. 


Insulation Resistance Testing Appa- 
ratus—Catalog 1075, entitled “Meg- 
ger and Bridge-Megger Testing 

Sets,” not only describes the appara- 

tus but gives a discussion on insula- 
tion and the measurement of its 
resistance. In addition, several pages 
are devoted to general directions for 
using these testing sets. This is fol- 
lowed by special directions for vari- 
ous insulation resistance tests, and 
for megger testing—James à 
Biddle, 1211-1213 Arch St., Philadel- 
phia, Pa. 

Junction Box Condulets—Folder 21 
shows three types of junction box 
condulets with removable hub plate 
which provides for additions without 
disturbing the existing conduits or 
interrupting the service.—Crouse- 
Hinds Co., Syracuse, N. Y. 


Spur Gears—A folder bearing the title 
“Gear Teeth That Are Accurate” de- 
scribes the advantages of using heat- 
treated spur gears with ground teeth 

_ and indicates the sizes in which they 
may be purchased.—Foote Bros. Gear 
& Machine Co., 236-246 N. Curtis St., 
Chicago, Ill. 


Belt Fasteners—Catalog 717 describes 
the line of Bristol patent steel belt 
lacing which consists of steel prongs 
with wedge-shaped points, similar to 
staples. These points are driven 
across the joint of the belt and the 
points clinched. This catalog lists 
the various sizes of steel lacings and 
shows the sizes of belts to be used 
with each. Patent steel belt plates 
are likewise listed, together with the 
sizes of belt they are to be used on. 
Space is also given to wire belt lac- 
ing, belt hooks and also to a special 


safety set screw.—The Bristol Co., 
Waterbury, Conn. 


Enclosed Fuses, Fuse Cut-Out Bases 
and Fuse Boxes—Catalog 60 entitled 
“Noark Enclosed Fuses” devotes 64 
pages to a discussion, description, 
specifications and prices of the 
„ Noark“ renewable and non-renew- 
able fuses with ferrule or knife 
blade contact, as well as special 
types, non-indicating fuses, high-ten- 
sion fuses, service and subway junc- 
tion boxes and other protective 
devices.—The Johns-Pratt Co., Hart- 
ford, Conn. 


Combined Megohmeter and Voltmeter— 


Bulletin 185 describes the portable 
“2 in 1” megohmeter which indicates 
both resistance and voltage and may 
be used to measure the insulation 
resistance of electrical equipment 
during and after the process of man- 
ufacture or assembly.—Herman H. 
Sticht & Co., 21 Park Row, New 
York City. 


Electric Heat—A bulletin bearing the 
above title is issued frequently by the 
Department of Publicity of this com- 
pany, and shows a variety of applica- 
tions of electric heat in industrial 
plants. This will be mailed regularly 
upon request.—Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 


Flexible Couplings—Bulletin 37 de- 
scribes the Franks flexible coupling 
which consists of flanges connected 
by flexible pins. This booklet shows 
a large number of installations, gives 
dimensions of units of different ca- 
pacities, directions for installing, in- 
formation for users, and several 
pages of information about direct- 
connected installations. This equip- 
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ment is made in heavy-duty, high- 
speed, marine and various special 
types as well as a light pressed-steel 
unit for fractional horsepower 
motors.—Smith & Serrell, 26 Wash- 
ington Place, Newark, N. J. 


Copper Covered Steel Wire A binder 
of engineering data shows the 
method of making the copper weld 
by the molten welding process and 
also contains a number of sheets 
giving engineering data, specifica- 
tions for purchasing, inspection and 
testing as well as charts and tables. 
This information covers solid and 
stranded bond wires, ground rods, 
guy, messenger and strand wire, po- 
lice and fire alarm circuits, signal 
and telephone line wires, overhead 
ground lines, sag and tension charts, 
wire and loading tables, as well as 
general and comparative wire tables, 
and so „ Steel Co., 
Braddock Post Office, Rankin, Pa. 


Electrical Porcelain —A folder illus- 
trates, prices and describes Federal 
solid, telephone, nail and split knobs 
as well as cleats and porcelain tubes. 
—The Federal Porcelain Co., Cary, 
Ohio. 

Polyphase Power Transformers—Bul- 
letin 2040 gives cutaway views show- 
ing the construction of several of 
these high-tension transformer units. 
—Pittsburgh Transformer Co., Pitts- 
burgh, Pa. 


Ball Bearings—A folder announces 
that a complete stock of Chapman 
ball bearings for power transmission 
on lineshafts, pillow blocks, and for 
loose pulleys, is carried by this com- 
pany.—W. A. Jones Foundry & Ma- 
chine Co., 4480 W. Roosevelt Rd., 
Chicago, III. 

Fifty Years in Insulation—In a hand- 
somely illustrated folder entitled, 
“Our Fiftieth Year,” this company 
reviews briefly the progress of their 
concern in the manufacture of in- 
sulating equipment.—The R. Thomas 
& Sons Co., East Liverpool, Ohio. 


Automatic Across the Line Starters— 
A new catalog describes the Sundh 
automatic a. c. starter of the across- 
the-line type with no-voltage release 
or low-voltage protection and also 
inverse time limit overload protec- 
tion. Six different types of appa- 
ratus are described and listed.— 
ae Electric Co., Inc., Newark, 


Fans and Blowers—Bulletin 1801 is a 
72-page catalog of American “Siroc- 
co” fans and blower: and gives ca- 
pacities and specifications for the 
wide variety of units and different 
sizes.—American Blower Company, 
Detroit, Mich. 


Commercial Roller Bearings—A catalog 
bearing the above title describes the 
construction of and lists Bond com- 
mercial roller bearings with or with- 
out split outer races for use in ma- 
chinery of various kinds.—Bond 
Foundry & Machine Co., Manheim, 
Lancaster Co., Pa. 


Spray Gun for Furnace Maintenance— 
Descriptive literature shows the con- 
struction and operation of the Quig- 
ley refractory gun for use in relin- 
ing, patching or surfacing furnace 
walls. The refractory material is 
shot against the wall by air pressure. 
It is stated that this gun may also 
be used for rough whitewashing, 


Direct-Current 


Automatic 
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spraying paint or handling plastic 
mixtures such as stucco.—Quigley 
Furnace Specialties Co., 26 Cortlandt 
St., New York City. 


Speed Transformer—Bulletin 105 de- 
scribes the Poole Type H speed trans- 
former, in which the shafts of the 
two herringbone gears are in a hori- 
zontal plane. Bulletin 106 describes 
the Type K speed transformer for 
increasing or decreasing speed, in 
which the shafts of the herringbone 
gears are in the vertical plane 
with the pinion shaft at the top.— 
The Poole Engineering & Machine 
Co., Baltimore, Md. 


Double-Helical Gear Drives—Bulletin B 


discusses the types and methods of 
manufacture of double-helical gear 
drives with cut teeth, shows how they 
are made and gives a large number 
of illustrations of installations of 
Mesta speed reduction units and gear 
drives. Mesta flexible couplings are 
also illustrated.—Mesta Machine Co., 
P. O. Box 1124, Pittsburgh, Pa. 


Automatic Starter— 
Bulletin 7107-C describes a new, di- 
rect-current automatic starter with 
time limit acceleration and the resist- 
ance mounted on the front of the 
panel. These starters are primarily 
intended for d. c. motors from ½ to 
5 hp. Bulletin 7100-C describes the 
classes 7110, 7120 and 7130 direct- 
current automatic starters.—Indus- 
trial Controller Co., Milwaukee, Wis. 


Jack-Type Disconnecting Switches— 
Circular 68455, Class 11, illustrates 
and describes the CR-1923, A-1 alter- 
nating-current, jack-type, disconnect- 
ing switches for single-phase, two- 
phase, or three- or four-wire, three- 
phase circuits. These switches provide 
convenient means for easily discon- 
necting motors and control equipment 
from the line for the purpose of 
inspecting or working on the equip- 
ment in safety.—General Electric Co., 
Schenectady, N. Y 

Starting Compensators— 
Bulletin 68456, Class 11, illustrates 
and describes the CR-7051-J1 auto- 
matic starting compensator for 
squirrel-cage induction motors, 25 to 
60 cycle, two or three phase, with a 
maximum capacity of 15 hp. in the 
25-cycle and 25 to 50 hp. in the 50- 
and 60-cycle types. This motor 
starter is for remote control of con- 
stant speed induction motors up to 
600 volts.—General Electric Co., 
Schenectady, N. Y. 


Materials-Handling Equipment—Bulle- 
tin 101 describes the Models F and G 
Barrett hand-lift trucks, and gives 
their construction and advantages. 
Bulletin 103 describes Steeleg“ 
platforms. Bulletin 300 describes the 
construction and operation and shows 
a large number of applications of the 
Barrett portable elevator for stack- 
ing material._—Barrett-Cravens Co., 
1328 W. Monroe St., Chicago, III. 


Safety Switches — Publication F-4648 
entitled, “The ABC of Safety 
Switches,” gives information on 
safety switches which is demanded 
by the specifications of the National 
Code and state and municipal ordi- 
nances. This booklet also deals with 
the many uses of safety switches and 
the principles of their operation. 
Among the points discussed are: A 
description of safety switches and 
their use; why switch parts burn out 
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and the remedy; how to tell the 
proper type of switch for every job; 
the purpose and use of safety motor 
starters and how to tell the proper 
type for every job; what thermal cut- 
outs are and why they are used.— 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


Water-Proof Paint for Wet Surfaces— 
A folder describes Mastertex which 
is a water-proof cement paint that 
can be applied directly to a wet, drip- 
ping wall such as the interior surface 
of a wet basement or the outside of 
rain-soaked stucco or concrete work. 
This paint may be obtained in several 
permanent colors.—The Master 
Builders Company, Cleveland, Ohio. 


Charging Hoist for Foundry Cupolas— 
Bulletin 217 shows the construction 
and method of operation of the Roots 
charging hoist in foundries. This 
consists of a cage-operated monorail 
hoist with an extension arm carrying 
a bucket or magnet which is inserted 
into the cupola and the load dropped. 
—The P. H. & F. M. Roots Co., Con- 
nersville, Ind. 


Squirrel-Cage Motor—Bulletin 100 de- 
scribes the Linzee squirrel-cage, 40- 
deg. induction motor for two- and 
three-phase, constant-speed, continu- 
ous duty, which is provided with 
either ball or sleeve bearings. Special 
design, construction and operating 
features are given. This organiza- 
tion is successor to the Phoenix Elec- 
tric Co.—The Linzee Electric Motor 
Co., Mansfield, Ohio. 


Slack-Belt Idler—A folder describes 
the ball-bearing belt-slacker, which is 
a special belt idler that may be at- 
tached to any motor and is claimed 
to increase belt wrap without making 
high belt tension. This folder con- 
tains a useful table giving the ap- 
proximate belt speeds in ft. per min. 
for two to fourteen-pole alternating- 
current motors with any diameter of 
pulley.— Harry M. Perry, 702 No. 
Main St., Los Angeles, Calif. 


Coal Meter— Bailey Meter Co., 2015 E. 
Forty-sixth St., Cleveland, Ohio 
Bulletin 221 describes the construe- 
tion and operation and shows a num- 
ber of installations of Bailey meters 
for coal and other granular mate- 
rials. This meter consists of a spiral 
vane which is placed in the stoker 
feed pipe or other similar pipe and 
is rotated by the passing of the coal. 


Conduit Fixtures—Crouse-Hinds Co., 
Syracuse, N. Y.—Bulletin 2062 de- 
scribes and lists the Mogul series of 
conduit fixtures which meets the de- 
mand for units with an unusually 
long cover opening so as to avoid 
kinking heavy wire or cables when 
pulling or feeding through a conduit 
system. 

Grounding Devices—Groundulet Co., 83 
Park Place, Newark, N. J.—Circular 
60 lists the various sizes and prices 
of different Groundit bushings, sol- 
dering studs and ground studs for 
switchboxes as well as the Groundu- 
lets for making quick and service- 
able grounds in electrical distribution 
systems. 


Remote Control for Circuit Breakers 
—Condit Electrical Mfg. Co., South 
Boston, Mass.—Bulletin 456 describes 
the electrically operated mechanism 
for automatic closing and reclosing of 
oil switches and circuit breakers by 
direct or alternating current. Bulle- 
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tins 454 and 455 describe the Types 
D-13B and F-11 oil switches and cir- 
cuit breakers for manual or electrical 
remote control in single unit con- 
struction and in truck-type units me- 
chanically interlocked. 


Brass Data Book—Bridgeport Data 


Book 16 devotes 48 pages largely to 
tabular material which gives dimen- 
sions, standards and. other data on 
the copper and other alloy rods, 
tubes, bars and sheet made by this 
company. This is an interesting book 
in pocket size for anyone who must 
purchase material of this sort.— 
C Eeport Brass Co., Bridgeport, 
onn. 


Portable Woodworking Machines—J. D. 


Wallace and Co., 134 South Cali- 
fornia Ave., Chicago, Ill.—Catalog 
402 D contains a description of the 
complete line of Wallace portable ma- 
chines for working wood. These con- 
sist of band saws, universal and plain 
circular saws, jointers, planers, 
lathes, all with direct motor drives, 
and a glue pot. All of these devices 
may be operated on an electric light 
or power circuit. 


Non-Metallic Gears—General Electric 


Co., Schenectady, N. Y.—Circular 

68711 entitled, Textolite Gears, de- 
scribes the construction and use of 

these gears which are made of Tex- 

tolite; a special composition on a fiber 
ase. 


High-Frequency Oscillators—Leeds and 


Northrup Co., 4901 Stenton Ave., 
Philadelphia, Pa.—Bulletin 984 de- 
scribes the “Vreeland Oscillator” and 
other devices for producing high-fre- 
quency alternating current such as 
may be required in many of the 
measurements of inductance, capac- 
ity and resistance where it is desir- 
able to determine these quantities at 
frequencies higher than the usual 60 
cycles. 


Line Hardware and Equipment—Line 


Material Co., South Milwaukee, Wis. 
—A bulletin entitled, “The Line,” is- 
sued monthly, describes the use and 
application of a variety of line ma- 
terial equipment. 


Steel Industrial Furniture—The Toledo 


Metal Furniture Co., Toledo, Ohio— 
Price list 625 ae quotations on 
steel equipment for office, factory, in- 
dustrial cafeteria and other uses. 
This consists of tables and stands for 
offices, vaults, trucks, portable tool 
trays and trucks, PosturChair, stools 
and other metal furniture for indus- 
trial plants. 


Load Indicatoks— A bulletin contains a 


complete description and many illus- 
trations of the various types of Cory 
load and period indicators, man 
controls and totalizing wattmeter- 
operated automatic control. 

ne cepa provides a simple means 
of indicating at all times in the boiler 
room firing aisle, the exact electrical 
load being delivered by the station 
and insures a more even and econom- 
ical firing of boilers.—Chas. Cory & 
Sm Inc.—183-7 Varick St., New 

ork. 


Conduit Fixtures—Crouse-Hinds Co., 


Syracuse, N. Y.—Folder 13 and bul- 
letin 2056 describes the line of con- 
nectors of the CG Series with rub- 
ber bushings or split-lead sleeves for 
connecting round flexible cord and 
ae or armored or other round 
cable. 
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“Red Bands Stand Up Exceedingly Well in 
Magnesite Dust and Magnesium Chloride Fumes,” 


writes Mr. O. Peterson of the National Kellastone 
Co., Chicago, III., “In our stucco, flooring 
and plaster mill at Waukegan, Illinois, the 
Howell Motors are operating under very 
severe conditions. Magnesite dust and mag- 
nesium chloride fumes prevail throughout 
the mill making it absolutely necessary to 
wash out motors with gasoline every ten days 
or two weeks in order to assure efficient oper- 
ation. Under these adverse conditions the 


Howell Motors are standing up exceedingly well. 


At present we have 16 Howell Red Band Elec- 
tric Motors ranging from 1 to 20 Horse Power 
in daily operation. 


We are the largest producers of oxychloride 
products in the country and it is necessary that 
we have motors that are dependable. We have 
no hesitancy in recommending Howell Motors.” 


Howell Red Band Motors are made in all types and sizes from V H. P. 
to 100 H. P. Sales and Service blankets the nation. Catalog on request. 


Howell Electric Motors Company E 
Howell, Michigan 


Howell:::Motors 


Make Good On The Hard Jobs 


Y 
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Allis-Chalmers Type “AR?” Induction Motors 


in the Wood-working Industry 


The Type “AR” Squirrel Cage Induction Motor is used in a great number of 
wood-working plants throughout the country. 
The all-steel frame construction makes it a very rigid and strong motor, elemi— 
nating breaking of feet. 
Free and open ventilating passages provide good ventilation and make the 
motor accessible for cleaning. 
Large rigid shafts with ample size bearings reduce bearing troubles to a mini- 
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Pioneering 
With Motor 
Drives— 


A Little History and a 
Record of Motor Per- 
formance That Will Be 
Hard to Beat 


UNDREDS and even thousands 

of small motors in a single 
textile mill driving looms and spin- 
ning frames now create little com- 
ment. 

From an electrical standpoint, this 
industry is today well toward the 
top of the list from the standpoint 
of number of motors operated, large- 
ly because of the opportunity to use 
individual drive on textile machines. 

And all of this has happened dur- 
ing the past 30 years. At the plant 
of the Columbia Mills at Columbia, 
S. C., the first application of an in- 
duction motor drive was made in a 
textile mill, and this was the first 
such mill in the world to install a 
complete generating plant for oper- 
ating motors on the premises and to 
adopt the plan of subdividing the 
mill into independently-driven sec- 
tions. | 

The photographs show one of the 
first induction motor drives in the 
plant of the Columbia Mills, and an 
old, wood-frame switchboard in- 
stalled in the power station. 

Another interesting point about 
this installation is that the original 
electrical equipment is still running 
and giving satisfactory service. Of 
the fourteen motors installed, only 
seven have been rewound and five of 
them are running on their original 
sleeve bearings. 

In checking up with the Engineer- 
ing Department of the General Elec- 
tric Company on this motor installa- 
tion, I have received the following 
comment: 
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The problem which faced the Colum- 
bia Mills in 1893 was the adaptation 
of mechanical drive—then the accepted 
method of mill operation—to peculiar 
local circumstances. Finally, however, 
it was decided to install the three-phase 
electrical system. This decision was 
made after reviewing propositions from 
three competitive manufacturers, two 
of whom suggested the use of direct- 
current motors of large size to drive 
the shafting which would ordinarily be 
used in a mechanically-driven mill. In 
April, 1894, two 500-kw., 108-r.p.m., 
3-phase generators direct connected to 
two pairs of 48-in. horizontal water 
wheels were installed and fourteen 65- 
hp. induction motors were used for 
operating the mill. 

At the time the installation was made 
there was no record of any motor hav- 
ing been used in a cotton mill. These 
motors were the first to be inverted 
and suspended from the ceiling, and it 
was the first instance where a motor 
shaft was extended at both ends. 

The normal rating of the motors 
when installed was 65 hp. each. Dur- 
ing their thirty-two years of operation 
the average load has been from 80 to 

5 hp. winding has been actually 
necessary on but five of the stators, 
two having recently been rewound as a 
precautionary measure. The only re- 
pairs needed by the motors were of a 
minor character. Some of the motors 
were run, in addition to their thirty-two 
years of day operation, for at least 
ten years on night operation, giving an 
equivalent of forty-two years of service 
since the original installation. 


G. A. VAN BRUNT, 
Managing Editor 
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At the time the motors were installed 
they were the largest of that type in 
horsepower rating which the General 
Electric Company had made. The larg- 
est three-phase induction motors built 
before that time were 10-hp. machines, 
a nee 5-hp. unit being the largest 
sold. 


Credit for this piece of pioneering 
goes to C. K. Oliver who ordered the 
equipment in 1893, and Sidney B. 
Paine, who handled the work for the 
General Electric Company, with the 
late Charles P. Steinmetz in the 
background as a combined engineer 
and salesman. It is on the results 
of such pioneer work as this that 
mill and factory electrification to- 
day owes its rapid progress and no 
one would dare predict now just 
what it will be like in extent or na- 
ture thirty-two years from now. 
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A LOAD SURVEY of an industrial plant 
will often expose conditions which cause 
the power cost to be higher than neces- 
sary. Perhaps the diversity factor may be 
improved so as to cut down the maximum 
demand. Possibly the connected-load 
factor will indicate an over-investment in 
drive equipment. Again, power factor in- 
vestigations may disclose ways to cut power 
costs. In this article Mr. Stafford tells 
how to determine and use these factors 
to interpret load conditions in your plant. 


How to 
Go About 


Making a 
Survey of the 
Power Load 


In an Industrial Works 
Together With Methods 
of Analyzing the Data so 
as to Cut Power Costs 


By H. E. STAFFORD 


Electrical Engineer, Provincial Paper Mills, 
Lid., Port Arthur, Ontario 


HE primary object of making 

a load survey is to determine 

whether the power is being 
economically consumed. Making a 
survey involves measuring the loads 
on individual equipment and locating 
and determining any electrical or 
mechanical losses that may exist 
there. It is also necessary to sum- 
marize the individual loads so that 
they can be analyzed and compari- 
sons drawn by means of the follow- 
ing factors: power factor, load fac- 
tor, connected-load factor, demand 
factor, plant factor, and diversity 
factor. These factors are all ex- 
pressed as percentages and it is 
through an interpretation of these 
factors and the losses found from 
the survey that conclusions may be 
reached as to whether the power 
consumed is being used economically. 

Before taking up in detail the fac- 
tors just mentioned, let us consider 
some of the mechanical and electrical 
losses that may be found in the aver- 
age industrial plant. 

The mechanical losses in power 
consumption are usually termed the 
friction load and will vary with each 
type of mechanical drive and with 
each individual unit. The least fric- 
tion load is found where the drive is 
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direct through a coupling, as with 
most centrifugal pump installations. 
Here, the friction load consists 
merely of the bearing and running 
plate friction and should not, when 
added to the magnetizing current or 
no-load current of the motor, exceed 
20 per cent of the full-load current 
rating. For convenience, the friction 
load will, in this article, include the 
load due to the magnetizing current. 

Gears of various forms constitute 
a friction load slightly in excess of 
the coupling drive, with an average 
of approximately 20.5 per cent of the 
full-load current rating of the motor. 
Gears should mesh properly; other- 
wise the friction load will increase 
considerably above normal. 

Rope, chain and belt drives pro- 
duce a greater friction load than 
those drives mentioned above, even 
under the most advantageous cir- 
cumstances. The friction load with 
these types will reach as high as 30 
per cent of the full-load current rat- 
ing unless carefully checked. The 
average should not exceed 25 per 
cent even with lineshafting, if the 
use of power is to be considered eco- 
nomical. Where the connecting link 
is a chain it should have a certain 
amount of play and should never be 
tight, as a tight chain has no give 
or elasticity and imposes an excess 
of friction load, besides lessening 
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Fig. 1. A check is being made of 
the voltage and current supplied to 
this motor. 


Less than rated voltage lessens the 
torque developed by the motor. 
which causes it to run at less than 
rated speed. Comparison of the am- 
meter reading with the ampere rat- 
ing given on the nameplate of the 
motor will show whether or not the 
motor is overloaded and in danger 
of overheating. The ammeter read- 
ing does not give a true indication 
of the power developed by the motor 
unless used in connection with the 
efficiency and power factor curves 
of the motor. 


the life of the bearings and chain. 

With rope drives, the most eco- 
nomical method of saving power or 
reducing the friction load and pre- 
venting slippage, is by means of 
counterweight pulleys, the weight of 
which can be increased or de- 
creased until a point is reached 
where both the slippage and friction 
load are minimum. 

Where leather or composition belts 
are used, considerable losses may 
result unless belt tension is properly 
adjusted and the proper size of belts 
and pulleys is used. 

Lineshafting is the cause of a 
heavy friction load in many cases; 
consequently, a great amount of care 
should be taken in its installation, 
particularly as regards alignment 
and the type of bearings used. Ball 
and roller bearings, while more ex- 
pensive in first cost, will usually 
make up for the extra cost in re- 
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duced friction load, lessened lubrica- 
tion and lower maintenance costs. 

Considerable power is lost in a 
great number of cases due to im- 
proper size of pulleys. The pulley 
furnished with the motor should not 
be changed without studying the 
application carefully, since the size 
furnished will in all cases be the 
most suitable for the type of motor. 
In 99 cases out of 100, haphazard 
changing of pulleys results in in- 
creased friction load, and is often 
disastrous to the motor. 

The mechanical losses that have 
just been described can be readily 
checked by connecting a wattmeter, 
ammeter, and voltmeter in the indi- 
vidual motor circuits and noting the 
effect of any mechanical readjust- 
ments on the load taken by the motor 
under test. 

Besides the mechanical losses that 
have just been discussed, there are 
some electrical losses that should be 
considered in making a load survey. 

The electrical losses of a system 
using direct-current motors do not 
increase the cost of power to the 
same extent as when alternating- 
current motors are used, and apart 
from the losses due to field excita- 
tion, they may be ignored. The field 
excitation, however, is practically 
the same at all loads and does not 
vary greatly with the size of the 
motor. For instance, the field am- 
peres of a 80-hp., and a 55-hp., di- 
rect-current motor are identical. 
Where motors are underloaded, there 
is a slight mechanical or friction 
load which can be reduced by using 
the proper size of motor. Apart 
from the losses mentioned above, the 
remaining losses may all be consid- 
ered as mechanical losses. 

Where alternating current is used, 
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the case is somewhat different. 
Since alternating-current motors 
operate on the principle of induction, 
there is considerable loss due to the 
magnetizing current in the windings, 
even in a motor running without 
load. The writer has found cases 
where the no-load current of an in- 
duction motor was 25 per cent of 
the full-load rating, and cases where 
it amounts to 20 per cent are com- 
mon. On a recent test of a 175-hp. 
induction motor, with a full-load rat- 
ing of 176 amp., the losses averaged 
37.5 amp. per phase, or 21.8 per cent 
of the full-load rating. 

As this magnetizing current is 
present at all times when the motor 
is running, and in almost unvary- 
ing quantity, it becomes an impor- 
tant loss if, for instance, the motor 
is carrying only 50 to 75 per cent 
of its normal load most of the time. 
It should be a well-known fact 
among users of induction motors 
that an underloaded induction motor 
is an undesirable quantity. In the 
first place, the power taken by an 
induction motor consists of two com- 
ponents. One is an energy compo- 


Figs. 2 and 3. Scheme for using 
two wattmeters for measuring 
power and reactive kilovolt-am- 
peres. 


Fig. 2 shows two graphic wattme- 
ters, the top one of which is con- 
nected so as to measure true power; 
the wattmeter at the bottom has its 
potential coils connected so that the 
current and potential of this meter 
are in quadrature, thereby causing it 
to measure reactive kilovolt-am- 
peres. Fig. 3 shows the connection 
scheme used. The terminais marked 
Kw. are the current and potential 
terminais for the wattmeter meas- 
uring true power, while the ter- 
minals marked R. Kva. are for 
the wattmeter messy ae reactive 

. kilovolt-amperes. The test links 
and switches shown in both figures 
are for sy ee Ad n ne the con- 
nections of va. meter 
so as to 3 7 power instead 
of reactive kilovolt-amperes. 
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nent, which is expressed as useful 
or available power, while the other, 
which is due to the magnetizing cur- 
rent required by the motor, is called 
the wattless or reactive component. 
This latter component is capable of 
no work and may, therefore, be con- 
sidered a loss. The ratio of the two 
components determines the power 
factor of the load. 

In a general sense, the power fac- 
tor of a motor or a system of motors 
really expresses the ratio of the 
power consumed to the power paid 
for. For this reason power factor 
is usually considered of primary im- 
portance in a load survey. 

Most power producing utilities 
penalize their customers when their 
power factor falls below a certain 
percentage, usually 90 per cent lag- 
ging. Assuming that a power con- 
sumer is using 6,000 hp. at a sys- 
tem power factor of 75 per cent 
lagging, the basis of charge is then 
made on the difference between the 
power factor maintained and that 
called for, or 6,000—0.75—8,000. 
Thus, it may be seen that with a 
6,000-hp. load at 75 per cent power 
factor, 8,000 hp. of transformer ca- 
pacity, transmission line capacity 
and electric generator capacity are 
being used by the power company to 
supply this power consumer’s load. 
However, since the power company 
usually does not penalize for that 
load between 90 and 100 per cent 
power factor, the load for which the 
consumer is charged is 8,000X0.90—= 
7,200 hp., that is, he is charged for 
1,200 hp. more than is actually used. 
The excess of 1,200 hp. consists 
mainly of the magnetizing current 
of the load previously mentioned and 
for which the power company has 
to maintain equipment. This excess 
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horsepower is not true power in the 
sense that it is actual delivered 
power; it is reactive power and ties 
up part of the capacity of the equip- 
ment generating, distributing or 
transforming the power. 

Low power factor may be reme- 
died by increasing the load on the 
individual motor or by the installa- 
tion of either synchronous motors, 
or static condensers. Individual in- 
duction motors should not be over- 
loaded beyond 10 per cent of their 
rating, as considerable of the over- 


load is made up of an increase in 


magnetizing current, and while the 


power factor will increase even after - 


full load is reached, the life of the 
motor is shortened. The methods of 
measuring power factor will be dis- 
cussed later in this article. 

Second in importance to power 
factor in making a load survey is 
the load factor. 

The load factor of a plant or sys- 
tem is the ratio of the average power 
consumed to the maximum demand 
on the system for a specified period 
of time. Load factors may be deter- 
mined by the month or year, the 
yearly load factor usually being the 
one considered in a load survey. In 
an industrial plant manufacturing a 
given article, where the duty cycle 
of the various machines is uniform, 
the load factor should be fairly high; 
in some cases as high as 80 per cent. 
The average manufacturing plant 
should have a yearly load factor of 
from 50 to 65 per cent. Plants such 
as grain elevators, coal and ore docks 
and others where the duty cycle is 
seasonal have load factors as low as 
15 per cent. The value of this fac- 
tor in the economical use of power 
and reduction of losses, lies in the 
fact that once determined, steps may 
be taken whereby the duty cycles of 
some departments may be made to 
overlap, and the power curve kept in 
as nearly a straight line as possible. 

Also, most power companies base 
their power charges on an energy 
charge for the power consumed and 
in addition, on a demand charge for 
the maximum demand made upon 
them for power during a certain in- 
terval of time. Ideal conditions are 
reached when the load factor is 100 
per cent, for then the maximum de- 
mand equals the average demand or 
average power consumed and the 
power charges would be the lowest 
obtainable for that amount of power. 
As the load factor decreases from 
100 per cent, the power charges 
will be increased on account of the 
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Fig. 4—Here are some of the port- 
able testing instruments used in 
one industrial plant. 


At the left is a split core current 
transformer having two ratios, one 
of 25 to 1 and the other 50 to 1. 
Immediately to the right is a volt- 
meter having a 300-volt and a 600- 
volt scale. In the center foreground 
is an ammeter having a 5-amp. scale 
for use with a current transformer, 
one of which is immediately behind 
it. Behind the current transformer 
is a megger for use in measuring in- 
sulation resistance and other resist- 
ance. At the extreme right is a 
solid core current transformer hav- 
ing 5 to 1, 10 to 1, and 20 to 1 ratios. 


increase in the demand charge. 

The average load, as used in cal- 
culating the load factor, is deter- 
mined by dividing the total kilowatt- 
hours consumed during a certain 
period by the number of hours dur- 
ing that period. This gives the aver- 
age kilowatt-hours per hour which is 
equivalent to the average kilowatts. 
The maximum demand is measured 
by a demand meter or may be ob- 
tained with the aid of a graphic 
meter. 

Another factor dealing with the 
economical use of power is the con- 
nected-load factor. The connected- 
load factor of a plant or system is 
the ratio of the average power con- 
sumed to the connected load of the 
plant or system. The nearer these 
quantities are to each other, the 
more economical is the operation of 
the plant from the power standpoint. 
If the sum of the ratings of all of 
the motors in a plant is equal to 
1,000 kw., and the average load 
drawn by these motors is 500 kw., 
the load factor is equal to 500 
1,000—50 per cent. 

While the power charges are not 
usually based on the connected load, 
still the fact remains that there is 
an extra 500 kw. of motor capacity 
available, which is not used and 
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which at one time represented a cap- 
ital expenditure. It is practically 
impossible, in a plant having from 
50 to 100 motors, to work all the 
motors to their full capacities every 
day of the year, but for economy the 
connected-load factor of the average 
plant should be almost as high as 
the load factor. The connected-load 
factor is also known as the capacity 
factor. 

Three other factors that are of 
help in determining whether the 
power consumed and the equipment 
consuming it are economically used, 
are the demand factor, the plant fac- 
tor, and the diversity factor. 

The demand factor of a plant or 
system is the ratio of the maximum 
demand or highest peak for a pre- 
determined interval to the total con- 
nected load of the plant or system. 
The demand factor of a small plant 
utilizing one or two motors that are 
overloaded will be high. The writer 
has found instances of load factors 
as high as 125 per cent. On the 
other hand, where there is a consid- 
erable number of motors, the de- 
mand factor may not be higher than 
70 per cent. In the average indus- 
trial plant, a demand factor of from 
85 to 95 per cent is considered good. 
The value of the demand factor in 
a load survey is to determine 
whether the generating and trans- 
forming equipment are out of pro- 
portion to the total connected load. 
If the yearly demand factor is 80 
per cent of the total rating of the 
motors, the generating and trans- 
forming equipment need not be 
greater than 80 per cent of the total 
rating of the motors. 

The plant factor of a plant or sys- 
tem is the ratio of the average power 
consumed to the rated capacity of 
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the generators, transformers, etc., 
and is usually slightly lower than 
the load factor and sometimes equal 
to the connected-load factor. Its 
value in a load survey is a further 
check on demand and other factors. 

The diversity factor of a plant 
or system is the ratio of the sum of 
the maximum demands of individual 
loads to the maximum demand of the 
entire group. Most industrial plants 
are split up into manufacturing de- 
partments, and when all of these 
various department loads occur at 
the same time, the diversity factor 
is unity or 100 per cent. Where the 
various department peak loads occur 
at the same time, it is often possible 
to change the operation so as to 
stagger the peaks and thus make a 
more even load and reduce the ca- 
pacity needed in the generating and 
transforming equipment. Hence, it 
is seen that a diversity factor of 100 
per cent represents the worst possi- 
ble condition. 


METHODS AND INSTRUMENTS USED IN 
MAKING A LOAD SURVEY 


From the foregoing it can be seen 
that in making a load survey it is 
necessary to determine the connected 
load, average load, power factor, 
maximum demand and any abnormal 
mechanical or electrical losses that 
may exist. The connected load is, of 
course, the sum of the ratings of all 
motors or other energy-consuming 
apparatus connected to the system. 
The average load may be measured 
with a wattmeter, or a graphic watt- 
meter as shown in. Fig. 2. 

Power factor may be measured by 
means of a power factor meter, two 
wattmeters, or by a wattmeter, am- 
meter, and voltmeter. Thus, we see 
that in the last analysis we need in- 
struments to measure watts, volts, 
and. amperes. From the data taken 
by these measurements we can ar- 


Line A 
Scheme using single phase instruments. 


Readings of each phase shovid be taken and 
the average of the three taken. 
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rive at the factors and values men- 
tioned previously. 

There are several methods of mak- 
ing a load survey, each method de- 
pending on the instruments at hand 


l AA 
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Fig. 5. Relations existing between 
kva., kw., reactive kva., and power 
factor. 


AB represents the kva. and AO the 
kw. or power component of the load 
while BC is the reactive kva., or 
wattless component of the load. 
Power factor is represented py the 
cosine of the angle between 40 and 
a ee wren is equal to AC divided 
y ; 


and the quality of the test. For an 


elaborate test, two portable graphic 
wattmeters may be used, one of 
which has its potential coils con- 
nected so that the current and po- 
tential of that meter are in quadra- 
ture to each other. This method 
gives very accurate results. The con- 
nections for such a test are shown in 
Fig. 3. Also two switchboard 
graphic wattmeters connected in this 
manner are shown in Fig. 2. One 
wattmeter gives the total kilowatts 
consumed and shows also the peak 
at any instant. The remaining watt- 
meter registers the reactive compo- 
nent of the load. The power factor 
of the entire system, individual mo- 
tor, or department group of motors, 
is then found through the use of 
the formulas: 

W. -V tan a and 

Cos = power factor, 

In which . reading of wattme- 
ter giving the power component, and 


Fig. 6. Connection schemes for 
measuring volts, amperes, watts 
and power factor on three-phase 
circuits. 


Line B 
Scheme using a three-phase wattmeter 
and three-phase power factor mefer. 


amp. 1,000). 
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W reading of wattmeter giving 
reactive component; that is, its cur- 
rent and potential coils are connected 
in quadrature. 

In this formula, a angle of lag 
or lead between W, and W. 

In other words, the reactive com- 
ponent reading divided by the en- 
ergy reading equals the tangent of 
the angle of lag or lead between 
these two components. The cosine 
of this angle is the power factor of 
the load under test. 

For instance, suppose the read- 
ing of the wattmeter W, equals 
4,800 kw., while the reading of the 
wattmeter showing the reactive com- 
ponent, or the R. Kva. meter is 2,400 
kva. The ratio, 2,400—4,800—0.5, 
which is the tangent of the 
angle. The angle in this case is 
26.6 deg., and the cosine of 26.6 deg. 
is 0.89, which makes the power fac- 
tor equal to 89 per cent lagging. 

Another method of conducting a 
survey is by means of a wattmeter, 
an ammeter, a voltmeter, and a 
power factor meter. The hook-up 
is as shown in A or B of Fig. 6. 
This will give practically the same 
results as the previous test and if 
the instruments are of the graphic 
type, a permanent record is obtained. 
It is not necessary to have a perma- 
nent record, however, and since ordi- 
nary measuring instruments are less 
expensive than graphic instruments 
they are more widely used. With 
this arrangement, the instantaneous 
readings of the meters are taken 
and the power factor is checked 
against the reading of the power fac- 
tor meter from the readings of the 
other three instruments, by the use 
of the following formulas: 

For single-phase circuits, Power 
factor—kw.—kva., or kw.—(voltsx 
For two-phase cir- 


cuits, Power factor kw. (volts 
amp. 1.41 41000). 


Line 
Scheme using a tiree phass power 
factor meter Current and voltage 
readings shovid be taken in eath 
phase ʻo deſer mine the average. 
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For three-phase circuits, Power 
factor kw. (volts X amp. X 1.73 X 
1,000). 

A power factor meter is not es- 
sential unless it is desired for check- 
ing the accuracy of the results ob- 
tained from the readings of the other 
instruments. 

Another method involves the use 
of an ammeter, a voltmeter and a 
power factor meter, as shown in C 
of Fig. 6. Although this method 
does not check the kilowatt consump- 
tion, if the meters used are accurate 
the kilowatts can be found from the 
following formulas: 

For single-phase circuits, Kw. 
(volts (amp. power factor) 1, O00. 

For two-phase circuits, Kw. 
(volts Camp. power fa ct o r 2) 
1.000. 

For three-phase circuits, Kw. 
(volts Camp. power factor x1. 73) 
1,000. 

Some of the meters used in mak- 
ing these tests are shown in Figs. 
2 and 4. 


DATA OBTAINED FROM LOAD SURVEY 
OF AN INDUSTRIAL PLANT 


To get a better understanding of 
the usefulness of a load survey let 
us consider the case of an industrial 
plant having a connected load of 
7,500 hp., made up of miscellaneous 
induction and synchronous motors of 
various sizes and speeds. These mo- 
tors are grouped under five depart- 
ments, each department supplied 
from a separate panel or group of 
panels, each panel being equipped 
with a circuit breaker and an amme- 
ter. A check of the various depart- 
ment loads shows ratings of 1,500, 
2,000, 900, 2,500 and 600 hp., re- 
spectively. This gives a total of 
7,500 hp. The average amperes, as 
shown by the panel ammeters, cor- 
responding to the above loads in 
their respective order are 1,200, 
1,500, 800, 2,200, and 500 amp. at 
550 volts. The loads in kilovolt- 
amperes for the respective depart- 
ments are then 1,143.12, 1,428.9, 
762.08, 2,195.72, and 476.3 kva., or 
a total of 6,006.12 kva. A totalizing 
wattmeter shows the average load to 
be 5,705 kw., so that the average sys- 
tem power factor is 5,705—6,006.12 
2.95 or 95 per cent. When shown 
by vectors, the actual power in kw., 
the apparent power in kva., and the 
reactive kilovolt-amperes appear as 
in Fig. 5. 

In this plant the yearly power con- 
sumption as measured by the watt- 
hour meter is 31,000,000 kw.-hr. In- 
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asmuch as there are 8,760 hr. in a 
year, 31, 000, 000 — 8,760 = 8, 538.8 
average kw.-hr. per hour, or the 


average kilowatt load. The maxi- 
mum demand for the year as shown 


Survey of Motor and Feeder 
Ampere Loads 


Ratine |AvERAGE|Av.Loap 
HP. 


DRIVE AD 


Lineshafting 

Lineshafting 

Lineshafting 

Elevator Legs.... 
Elevator Legs.... 
Elevator J.egs.... 
Elevator Legs.... 
Belt Conveyors.. 
Belt Conveyors. . 
Belt Conveyors.. 
Belt Conveyors.. 
Belt Conveyors. . 
Belt Conveyors.. 
Belt Conveyors. . 
Belt Conveyors.. 
Belt Conveyors.. 
Belt Conveyors.. 
Belt Conveyors.. 
Belt Conveyors.. 


Miscellaneous.... 
Miscellaneous.... 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Miscellaneous 
Miscellaneous. 
Miscellaneous 


Friction load - 265 amp. 
Friction load - 185 amp. 
Friction load = 80 amp. 


by the power company’s demand me- 
ter is 6,000 kw. or 8,040 hp. 

The following factors show the 
condition of the load. The power 
factor of 95 per cent lagging is ex- 
ceedingly high. The demand factor, 
which is equal to the maximum de- 
mand divided by the connected load, 
or 8,040-—7,500—107.2 per cent, is 
exceedingly high and shows that the 
motors are being utilized at more 
than their full rating at times. The 
average load is equal to 3,538 kw. or 
8,5881.84—4,740 hp. Therefore, 
the connected-load factor, which is 
the ratio of the average load to the 
connected load, is equal to 4,740 
7,500—63.2 per cent. The load fac- 
tor of this plant is the ratio of the 
average load to the maximum de- 
mand and is equal to 3,538.8-—6,000 
258.8 per cent. These two factors, 
while not so high as they might be, 
are average and show that consider- 
able time is lost. These factors 
could be improved by increasing the 
kilowatt-hour power consumption, 
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which would also mean increased 
production. 

Let us consider another industrial 
plant that has a connected load of 
2,800 hp., the load having been built 
up by various stages with no record 
kept of the characteristics of the 
load. The motors are supplied from 
two 600-volt, 1,000-kva., three-phase 
alternators located in the plant and 
driven by steam engines. It is found 
that the generators heat up to such 
an extent with all the motors oper- 
ating that it is deemed necessary to 
install an additional alternator. 

From a survey of the load condi- 
tions in the plant, the data shown 
in the accompanying table were de- 
veloped. As can be seen from the 
table, power was distributed through 
seven feeder panels to motors which 
were served in the groups indicated 
in the table. On the three largest 
motors, the average load and friction 
load were measured by means of the 
ammeters on the feeder panels. In 
the case of the remaining motors the 
load on the individual motors was 
determined by connecting an amme- 
ter at the motor as shown in Fig. 
1, while the average load of the 
group was determined by the amme- 
ters on the feeder panels. 

In each case the load current of 
the individual motors was compared 
with the nameplate rating of the 
motor. Comparison of the friction 
load currents of the two 800-hp. mo- 
tors disclosed that one was over 40 
per cent larger than the other. In- 
vestigation showed that this was due 
to poor alignment of lineshafting 
and faulty bearings. 

The average load of the miscel- 
laneous group of motors is low in 
comparison with the capacity of the 
group of motors connected to this 
feeder panel, because all of them are 
not operating at the same time. 
Summing up the average current of 
each group of motors we arrive at 
a total of 2,635 amp. which repre- 
sents the average current of the sys- 
tem. Since the motor voltage is 550 
volts, the kilovolt-ampere load will 
be (2,685 X 550 X 1.73) — 1,000 = 
2,510 kva. 

A wattmeter and a watt-hour me- 
ter were also connected in the sup- 
ply to the feeders so as to measure 
the total kilowatts and total kilo- 
watt-hours supplied to the system. 
The average of a large number of 
wattmeter readings was 1,728 kw. 
The maximum demand indicated by 
the wattmeter during a period of a 
week was 1,870 kw., while the watt- 
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hour meter showed a consumption of 
225,965 kw.-hr. Assuming this to 
be an average week, the yearly en- 
ergy consumption would be 52X225,- 
965—11,750,180 kw-hr. These data 
were then put in the form of the ac- 
companying report: 

(.) Total annual power consumption 
—11,750,180 kw.-hr. 

F 400 Total number hours per day 

(3) Ave 
tion equals 
(2) ome 1,841 kw.-hr. per hr. 

(4) Maximum demand—1,870 kw. 

(5) Generator capacity—2,000 kw. 

(6) Connected load—2,800 hp. or 
2,089 kw. 

(7) Average kilowatt load—1,728 kw. 

(8) Average kilovolt-ampere load— 
2,510 kva. 

Power factor equals Item (7) divided 
210 Item (8) equals 68.8 per cent. 

Load factor equals Item (3) divided 
dy Item (4) equals 71.7 per cent. 

Connected-load factor equals Item 
(8) divided by Item (6) equals 64.3 
per cent. 

Plant factor equals Item (3) divided 
by Item (5) equals 67 per cent. 

Demand factor equals Item (4) di- 
vided by Item (6) equals 89.5 per cent. 

The above report shows that with 
the exception. of the power factor, 
which was exceedingly low, the vari- 
ous factors were a good average. It 
was recommended that the power 
factor of the system be raised to at 
least 90 per cent lagging so as to 
bring the kilovolt-ampere load within 
the rating of the generator. Three 
methods of doing this were pre- 
sented. 

The first method was to install 
static condensers; the second was to 
install a synchronous motor for 
power factor correction only; the 
third was to scrap one of the 800- 
hp. slip-ring induction motors and 
replace it with a synchronous motor. 

The first two methods were turned 
down in favor of the third, which 
was thought to be the best. Details 
of the second and third methods are 
shown in Figs. 7 and 8. 


e kilowatt-hour consump- 


tem (1) divided by Item. 


Figs. 7 and 8. Graphs that show 
how replacing a wound-rotor induc- 
tion motor with a synchronous mo- 
tor eliminated the need of more 
generator capacity. 


In Fig. 7, AO represents the orig- 
inal load kva. at 70.7 per cent power 
factor. OO represents the result of 
using a synchronous condenser to 
raise the power factor to 90 per cent. 
After eliminating one of the wound- 
rotor motors, the load condition was 
as shown at AO of Fig. 8 This 
motor was replaced with a syn- 
chronous motor of capacity equal to 
CA. It pulled a power load of AB 
and supplied reactive kva. of lead- 
ing power factor equal to BO, which 
9 in the system load shown 
a 


Fig. 7 shows the original load con- 
ditions of 2,510 kva. at 68.8 per 
cent power factor, as represented by 
the line AO. The true power com- 
ponent of 1,728 kw. is represented by 
the distance AD and the reactive 
component of 1,820 kva. by the dis- 
tance BE. 

The smallest synchronous conden- 
ser that would raise the power fac- 
tor from 68.8 to 90 per cent is shown 
by the line AC, which represents 
961 kva. This condenser when oper- 
ated at approximately zero leading 
power factor would supply a leading 
reactive component of 960 kva. AB 
represents the losses in the con- 
denser which amount to 50 kw. 

This would increase the true 
power to 1,778 kw. and would reduce 
the total kilovolt-amperes required 
by the system from 2,510 to 1,975 
kva. thereby just getting within the 
2,000-kva. rating of the generators. 
However, it would mean adding a 
961- or 1,000-kva. condenser to the 
system. 

Instead of using a synchronous 
condenser for power factor correc- 
tion the synchronous machine might 
be run as an over-excited motor and 
substituted for one of the 800-hp. 
slip-ring induction motors. This 
would give us the benefit of the 
higher efficiency of the synchronous 
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motor (93 per cent as compared with 
89 per cent for the induction mo- 
tor) as well as not increasing the 
number of motors that would have 
to be maintained. This plan was 
adopted and the resulting conditions 
are shown in Fig. 8. 

Since the 800-hp. slip-ring induc- 
tion motors have an efficiency of 89 
per cent, removing one of them re- 
duced the load by (800 0746) 
(O. 89 C1, 000) 670 kw. Therefore 
the remaining load is 1,728 kw. 
670 kw. 1, O58 kw., or AD in Fig. 8. 
The kilovolt-ampere load of the slip- 
ring induction motor as determined 
by test was (800K 550 C 1.732) 
1.000 762 kva. Hence in removing 
this motor the total kilovolt- ampere 
load would be reduced, 2,510—762— 
1,748 kva. as is represented by AO 
in Fig. 8. This load has a power 
factor of 60.5 per cent, for 1,058 
1.748 0.605, or 60.5 per cent. 

The efficiency of a synchronous 
motor is somewhat higher than that 
of a slip-ring motor and for practical 
purposes may be figured as 93 per 
cent. Hence if a synchronous motor 
is substituted for the 800-hp., slip- 
ring motor, the kilowatt input to 
the synchronous motor will be 
(800746) — (0.98 1,000)=—642 kw. 
This added to the 1,058 kw. load re- 
maining gives a total of 1,700 kw. 
which is the total kilowatt or true 
power required if a synchronous 
motor is substituted for the slip- 
ring induction motor. In Fig. 8 AD 
represents the kilowatt load after 
removing the slip-ring motor; AB 
is the kilowatt input to the syn- 
chronous motor; and BD is the total 
kilowatt input or true power re- 


‘quired by the system. The distance 


AE in Fig. 8 represents the reactive 
kilovolt-amperes taken by the 1,748- 
kva. load at 60.5 per cent power 
factor. This is equal to 1,393 kva. 
BF is drawn at right angles to AB 
from point B and also represents 
the reactive kilovolt-amperes shown 
at AE. 

If the synchronous motor were 
operated at unity power factor, its 
capacity would only need be. large 
enough to take care of the 642-kw. 
load represented by AB. In this 
case the total plant kilovolt-ampere 
load would be equal to BO. Scaling 
this and checking it against the 
power factor scale we find that BO 
equals 2,200 kva. at 77.2 per cent 
power factor. Since the generators 
are rated at 2,000 kva. it is neces- 
sary to over-excite the synchronous 

(Please turn to page 337) 
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DANGER OF FIRE is ever present in a woodworking 
plant. Not only must special provisions be made to prevent 
the accumulation of waste that might be easily ignited, but 
particular attention must also be paid to the electrical and 
power service systems to eliminate all possible causes of fire 
from these sources. In this article, Mr. Westbrook tells how 
the power drive system for a furniture factory was planned 
so as to insure convenient and economical operation, as well 
as provide safety to workmen from fire and accidents. 


Some Practical 
Details of the 


Power Service Layout 
For a Woodworking Plant 


Including the Features of the Electrical Distribu- 
tion System, Together with the Types of Motors, 
Control and Drives That Were Used 


By FRANCIS A. WESTBROOK 
Consulting Engineer, New Canaan, Conn. 


N A woodworking plant the great 
] danger is the fire hazard. For 

this reason the use of the proper 
kind of motor and a carefully in- 
stalled wiring system are of prime 
importance. The principles govern- 
ing the method of meeting this con- 
dition in a woodworking plant are, 
of course, applicable in many other 
cases where a dangerous fire hazard 
exists. Special consideration was 


given this factor in planning the 


electrical distribution and power 
drive system for the new factory of 
Albano & Company, of New York 
City, manufacturers of high-grade 
furniture. The practice of placing 
all wires in conduit, even to the ex- 
tent of using flexible conduit for 
motor leads, was followed through- 
out this plant. This feature and the 
use of enclosed-type, safety, motor 
disconnecting switches and squirrel- 
cage induction motors have reduced 
the fire risk from electrical causes 
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Fig. 1—Convenient location of the 
control switch is an important fac- 
tor in any motor installation. 


In the center is a double variety 
machine or molder. The motor used 
for driving this machine has the 
shaft extended on both ends, which 
is fitted with two pulleys so as to 
drive each spindle with a separate 
belt. At the left and at the right 
are single variety machines. In the 
center background is a grinder. 
Note that in each installation the 
control switch is within convenient 
reach of the right hand of the oper- 
ator as he stands at his work. 


to a minimum—one might almost 
say they eliminated it. 

In a plant of this kind variable- 
speed motors are not required. Con- 
sequently, squirrel-cage motors may 
be used throughout and in this in- 
stance they are all 1,800 r.p.m. There 
are, in all 35 motors of various sizes 
as shown in the accompanying table. 
All are designed for 220-volt, three- 
phase, 60-cycle service. 

The kind of building in which a 
power distribution system for such 
a group of motors is installed has 
more to do with the methods of in- 
stalling conduits and panel boxes 
than is perhaps generally recognized. 
In this case, the new home of 
Albano & Company is a very sub- 
stantial brick building but of an old 
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type with wood floors, except the 
ground floor, which is concrete. 
There are five floors. The first 
(ground floor) and third are used 
for woodworking machinery, the sec- 
ond for storage and the fourth and 
fifth for upholstering and other 
hand work. 

Under these conditions, the sim- 


to mount the panel box in a central 
location on the floor below that 
where the machines to be served are 
located. The conduits are then run 
on the ceiling of this lower floor 
from the panel box to a point di- 
rectly under the control apparatus 
they are to supply with power, and 
pass up through the floor. Although 
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Size and Number of Motors with Method of Drive Used 
in Woodworking Plant* 
Loca- | No. or | Hp. or 
Name or MACHINE TION, | Morors} Moror | R.P.M. CONTROL Drive 

FLOOR 
Blower for exhaust system... 2 1 30 1,800 Compensator Belt 
Buss planer. 1 1 10 1.800 Compensator Direct 
Jig sac 3 1 1.5 1. 800 Starting Switch Belt 
Saw tables 1 6 3 1.800 Starting Switch Belt 
Horizontal borer............ 3 2 2.5 1,800 Starting Switch Belt 
Vertical borer.............. 3 1 2.5 1,800 | Starting Switch Belt 
Swing saws................ 3 3 3 1,800 Starting Switch Direct 
Band sa ws... 1 2 3 1.800 Starting Switch Belt 
Double variety machine 3 1 7 1,800 Compensator Belt 
Single variety machine...... 3 1 5 1,800 Starting Switch Belt 
Dovetailer................. 3 1 3 1,800 Starting Switch Belt 
See eee Meee ies 3 3 3 1,800 Starting Switch Belt 
Single variety machine...... 3 1 3 1,800 Starting Switch Belt 
Fan for drying room........ 3 1 3 1,800 Starting Switch Belt 
Box shaper................ 3 1 3 1,800 Starting Switch Belt 
Join ters 1 3 3 1,800 Starting Switch. Belt 
EA! 8 3 2 1.5 1,800 Starting Switch Belt 
Emery grinder............. 3 1 1.5 1,800 Starting Switch Direct 
Belt sander 3 2 2 1,800 Starting Switch Belt 
Rip sau 3 1 2 1,800 Starting Switch Direct 


it may at first thought appear that it 
would be inconvenient to have to run 
downstairs to replace fuses, this con- 
tingency should occur so rarely in a 
properly planned distribution sys- 
tem with conductors of adequate ca- 
pacity, that it would not control the 
location of the panel boxes. More- 
over, the fuses most likely to blow 
are those located at the motor start- 
ing switch and in each case these are 
located at the machine. The panel 
boxes and feeder lines for machines 
on the first (ground) and third 
floors are located in the basement 
and on the second floor respectively. 

Obviously this method of installa- 


tion is very simple, convenient and: 


economical for these conditions, but 
it would be unsatisfactory if the 
floors were wet, especially if they 
were of wood, as in a laundry. In 


fact, ordinary wood floors would be 
out of the question in a laundry, but 
there are other processes which re- 
sult in wet floors where moisture 
gets into the conduits and causes 


All of the motors listed here are squirrel-cage type. 


trouble in cases where the latter has 
been installed in this way. 
Three-phase, 60-cycle, 220-volt 
power is delivered to the service en- 
trance in the basement as shown in 
Fig. 2. As can be seen at the lower 


Fig. 2—Power service is brought 
into the basement of the building at 
this point. 

The lower cable at the right fur- 
nishes the 220-volt, three-phase 
power supply, while the cable above 
it is the lighting supply. The cir- 
cuits are carried to the left through 
the current transformers (for the 
two meters above), after which the 
power circuit goes to the main 
power panel shown at the left. The 
lighting current is fed directly from 
the current transformers to the 
lighting panels on the different 
floors. From the main power panel 
shown at the left, power is fed 
through the 100-amp. fuse gaps at 
the left center of the panel to the 
elevator motor. The 400-amp. fuse 
gaps at the bottom of the panel sup- 
ply the two power distribution 
panels—one of which is located in 
the basement and the other on the 
second floor. 


right of this illustration, the power 
goes through a disconnecting switch, 
and then through two 500-amp. cur- 
rent transformers (for metering) to 
the power panel shown at the left of 
Fig. 2. At the bottom of this panel 
is the 600-amp. service switch. 
Through the three 400-amp. fuses at 
the bottom of this panel, power is 
taken to two distribution panels, one 
in the basement and one on the sec- 
ond floor. | 

The power distribution panels are 
of the polarized type. The panel in 
the basement has a capacity of 12 
circuits with eight 30-amp. and four 
60-amp. gaps. Cables enter it from 
the main power panel, shown in 
Fig. 2, in two 2-in. conduits and 
there are three l-in. and one %4-in. 
conduits leaving it for distribution 
to the 12 machines on the floor 
above. The method of delivering the 
power to the individual motors on 
the first floor can be seen in 
Figs. 4 and 6. 

The panel box on the third floor is 
fed through two 2-in. conduits com- 
ing from the panel box in the base- 
ment, the feeder passing through the 
latter box. Distribution to the 23 
machines on the floor above is 
through five 1-in., three 1 -in. and 
one \%-in. conduits as shown in 
Fig. 3. 

It is evident that, in some in- 
stances, there is more than one cir- 
cuit per conduit leaving the panel 
boxes. At certain points there are 
pull boxes from which separate con- 
duits radiate to locations under their 
respective machines at which point 
the conduits pass up through the 
floor. In some cases it was conven- 
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ient to locate these pull boxes above 
the floor, as shown in Fig. 5. 

Fig. 8 shows the conduit and 
motor layout for the third floor. 
Some of the machines on this floor 
are shown in Figs. 1, 5 and 7. 

As has been said before, all of the 
motors are squirrel-cage induction 
motors. This simplified the question 
of control, not only because the mo- 
tors are small but also because there 
is no necessity of speed variation. 
Furthermore, the class of labor 
which operates the machinery is 
mechanically skilled and intelligent 
—a very different condition from 
that which exists in a laundry, for 
instance. Reference to the accom- 
panying table will show that com- 
pensators are used for controlling 
all motors larger than 5 hp. A 
typical compensator installation is 
shown in Fig. 6. Power is delivered 
from the distribution panel in the 
basement to the safety switch 
mounted above the compensator. 
This safety switch is used for iso- 
lating the motor and compensator 
from the power supply when doing 
maintenance or repair work. 

For motors smaller than 5 hp. a 
manually-operated motor starting 
switch is used. These switches start 
the motor across the line with the 
fuses cut out of the circuit. As the 
motor comes up to normal speed the 
switch is thrown to the running posi- 
tion, which cuts the fuses back into 
the circuit. Needless to say, these 
motor starting switches are of the 
safety type, being totally enclosed in 
sheet metal boxes. Typical installa- 


tions of these starters are shown in 
Fig. 1. 


Wherever it was possible 
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Fig. 3—Motor and conduit layout 
for the third floor. 


A panel box was located on the sec- 
ond floor from which conduit was 
run on the ceiling of the second floor 
to points immediately under the lo- 
cations of the third-floor motors. 
Conduit was then taken through the 
floor to the motor directly above it. 
This made a very simple and eco- 
nomical installation. 


and convenient, the safety switches, 
compensators and motor starting 
switches were attached to the build- 
ing columns, as shown in Fig. 4. 
Convenience of control was the 
first consideration in each case, 
however, so that in many instances 
the control was mounted on pipe 
standards convenient to the machine 
operator’s hand, as shown in Fig. 1. 
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The three swing saws, one rip saw, 
the emery grinder and the Buss 
planer are directly connected to the 


motors. In these instances the mo- 
tors are mounted on the machines 
that they drive. All of the other ma- 
chines are belt driven. The belted 
motors on the first floor are mounted 
directly on the concrete floor. Since 
the upper floors are of wood, the mo- 
tors on the second and third floors 
are provided with drip pans under 
them so as to reduce the fire hazard 
from oil-soaked wooden floors. The 
method of installing the drip pans 
can be seen in Fig. 5. All of the 
motors were provided with conduit 
fittings which were connected by 
means of flexible conduit to the rigid 
conduit running from the control to 


Fig. 4—Belt drives are used in the 
majority of cases in this shop. 


~ In the right foreground is a jointer 
with its motor on the floor and 
control switch on the building col- 
umn. Note how the motor leads enter 
the motor casing through flexible 
Greenfield conduit, so as to avoid all 
exposed terminals and to make a 
flexible connection between the rigid 
conduit and the motor so that it 
may be shifted on its slide rails in 
order to tighten the belt. In the 
left foreground are two saw tables. 
The control switches are mounted 
on stanchions. The conduits comin 
from the panel box in the basemen 
may be seen coming up through the 
floor. The conduit from the switch 
to the motor is laid on top of the 
floor. To the right and at the rear, 
mounted on a column, will be seen 
the compensator and switch for the 
large exhaust fan located on the 
floor above. As that floor is used 
for storage purposes only, it saves 
much running back and forth to 
have this control apparatus on the 
ground floor where there are work- 
men all the time There is an addi- 
tional switch at the blower for the 
protection of men who maintain it. 


July, 1925 


a 
we 
rr 
-y 

T 
— 
=> a 

— 
S 
— 
= 
d 
in 
— 
= 


a point near the motor, as shown in 
Figs. 4 and 5. This method of in- 
stallation not only avoided all ex- 
posed terminals and wires but also 
provided a flexible connection be- 
tween the motors and rigid conduit 
so that the motor can easily be 
moved on its slide rails. 

All belts and every other moving 
part, in so far as possible, are com- 
pletely enclosed, thereby reducing 


Fig. 6—Motor and control arrange- 
ment for Buss planer drive. 


The belt on the left operates the 
feed mechanism; the motor is cou- 
pled directly to the machine. Nor- 
mally, all belts and other moving 
parts are completely boxed in. This 
protection was temporarily removed 
while the pictures were being 
taken. The compensator, with push 
button stop, and enclosed-type dis- 
connecting switch are shown to the 
right of the machine, in a conven- 
ient location for the operator. 
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the liability of accidents. These en- 
closures are boxes which may be 
readily disassembled for repair and 
maintenance work. As the foreman 
said, almost all of the old wood- 
workers have missing fingers or 
parts of fingers, but all of the young 
men are without these disfigure- 
ments, because of the great and ef- 
fective precautions which are taken 
against accidents in modern plants. 
In fact, no accidents of any conse- 
quence have occurred since these 
enclosing guards were installed. 
The exhaust system for carrying 
off sawdust and accumulations of 
dirt is very comprehensive, and is an 
important factor in reducing fire, 
health and accident hazards. The 
machines are equipped with hoods 
or other suction devices, as shown in 
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Fig. 5—Provision was made to take 
care of the wood waste by means 
of an exhauster system. 


At the right are two belt sanders. 
As can be seen, one end of each is 
enclosed and connected to an ex- 
haust pipe. Sawdust and other wood 
waste coming from these machines 
is sucked to a central depository. 
In this way much of the dust and 
dirt that would otherwise get into 
the motors is removed. On the left 
is a jigsaw with its control switch 
mounted on stanchions under the 
saw table. In the center back- 
ground is a two-spindle horizontal 
drill with its control switch and mo- 
tor. Notice how the motor belt on 
this drive, as well as those on the 
two belt sanders, is enclosed. At 
the extreme right between the floor 
and control switch of one of the 
belt sanders is one of the pull boxes 
shown in Fig. 3. Notice the drip 
pans placed under the belt sander 
motors to keep oil off the floor. 


Figs. 1 and 5. Also there are open- 
ings in a large suction pipe on each 
floor into which sweepings may be 
pushed without the necessity of car- 
rying them away. One of these 
may be seen in Fig. 7. This is also 
of decided benefit from the stand- 
point of motor maintenance, as it 
reduces the amount of foreign mate- 
rial that might get into the motors. 

Epitor’s Notre: Special acknowl- 
edgment is made to MacNutt, Watts 
and Tankard, Electrical Engineers and 


Contractors, New York, N. Y., for the 
illustrations used in this article. 


Fig. 7—Floor space requirements 
caused the motor driving this ma- 
chine to be mounted on the ceiling. 


This maehine has a vertical drive 
shaft and as it covers consider- 
able floor space which must be free 
for the operator to walk around in, 
the best place for the motor is on 
the ceiling where it, with its belt, 
is out of the way. The vertical 
shaft in the foreground at the right 
is driven by a twisted belt from the 
motor at the left. From this ver- 
tical shaft smaller belts go directly 
to each carving tool on the machine. 
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Some Things It Pays 
To Know A bout 


INDUSTRIAL ENGINEER 


Removing Dust Produced 


in Industrial Plants 


Including Equipment and Methods Used, With a 
Discussion of the Effects of Dust on Men and 
Machines and Its Relation to Fire Hazards 


By CHARLES L. HUBBARD 
Mechanical Engineer, Boston, Mass. 


UST exists practically every- 
D where and is produced to 

some extent in practically all 
industrial processes. Its removal is 
accomplished by methods and means 
similar to those described in connec- 
tion with the article, “Removing 
Obnoxious Fumes, Gases and Va- 
pors,“ which appeared in the June 
issue of INDUSTRIAL ENGINEER. 

The fact that dust, even the heav- 
ier particles, will remain suspended 
for a time in the air is employed in 
removing it on the same principles 
as are used in removing gases, 
fumes and vapors. With the hea- 
vier dust, however, the problem of 
keeping it suspended is more diffi- 
cult. Also it is generally desirable to 


remove the dust from the air before 
discharging into the atmosphere. 
Dust is produced in an almost 
endless variety of ways and is often 
spoken of as man’s worst enemy. It 
causes sickness and death, is re- 
sponsible for fires and explosions, 


DUST REMOVAL problems in in- 
dustrial plants are, like those con- 
nected with the removal of gases, 
fumes and vapors, solved by carry- 
ing the objectionable material along 
on a current of air. Some of the 
hazards, as well as the inconven- 


iences, of atmospheric and indus- 


trial dust are taken up here, 
together with the equipment for 
handling it. Methods of removing 
the dust from the air current before 
discharging it into the atmosphere 
will be discussed in an article in a 
later issue. 
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Here industrial sweeping units are used to 
clean up the floor and the side walls. 
Solid material is separated in the cylin- 
drical tank and does not go through the 
multi-stage exhauster driven by the motor. 


injures machinery and manufactured 
products, damages both interior and 
exterior surfaces and, in the aggre- 
gate, causes the loss of millions of 
dollars annually. 

There are many different kinds of 
dust, coming from the mineral, veg- 
etable and animal kingdoms. That 
contained in the outside air, which 
is usually called atmospheric dust, is 
made up of a mixture of various or- 
ganic and inorganic substances, such 
as coal, cinders, ashes, sand, loam, 
vegetable and animal fibers, animal 
tissue, bacteria and so on. 

As a rough approximation, we 
may assume that one hundred- 
millionth of the volume of the air in 
the vicinity of the average power 
house consists of dust and other for- 
eign particles. While this propor- 
tion of dust may seem negligible, 
and is, in fact, not so great as is 
often found, it means that the venti- 
lating air passed through a large 
generator in 24 hr. will contain 
nearly 1 cu. ft. of solid matter. 
Some of this, if left in the air, would 
naturally be deposited upon the 
winding and later cause trouble. 

Another interesting example of 
the amount of dust in the air is in 
connection with the air brought in 
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for the ventilation of a large city 
school building where the outside 
conditions were such as to indicate 
an average atmospheric purity much 
above that which would ordinarily 
be found around industrial plants. 
Tests by means of an air filter 
showed that 50 lb. of dry dust were 
brought in with the air during each 
6-hr. session of the school day. If 
this 50 lb. or more of dust is taken 
into the schoolroom or plant daily 
much of it is deposited on floors, 
walls, ceilings and on the top of 
equipment or projecting ledges. 
Some of the dust, of course, is car- 
ried out again as the air leaves the 
room or plant; that which remains 
must be cleaned up or removed 
periodically. The expense of this 
cleaning is of considerable impor- 
tance. 

That portion of the dust which 
settles on lighting units and any 
white walls or ceilings materially re- 
duces the illumination of the plant. 
To overcome this requires periodic 
cleaning of lighting units and re- 
flectors and repainting of surfaces. 
In addition to the dust ordinarily 
found in the atmosphere and which 
may be brought into the plant 
through an unprotected ventilating 
system, many industrial processes 
create dust. It is produced in an 
endless variety of ways, as in grind- 
ing and polishing, stone cutting, 
sandblasting operations, shoe 
manufacturing, woodworking, clean- 
ing castings in foundries, the 
operation of pickers in textile mills 
and in many other operations or 
processes. Dust is also produced in 
great quantities in the manufacture 
of flour, sugar, starch, cement and 
in the crushing or handling of coal 
and other products. The lint of tex- 
tile mills is also a form of dust 
which must be contended with. 


SOME OF THE EFFECTS OF DUST 
IN INDUSTRY 


While many kinds of dust found 
in the air are practically harmless 
in themselves, they serve as a means 
of transmission for various germs. 
Therefore, the first, and most im- 
portant, step in the elimination of 
disease germs from an industrial 
establishment is that of clearing the 
air supply of all foreign substances. 

The effect of dust upon health de- 
pends largely upon local conditions, 
such as its composition, concentra- 
tion and the period of exposure. 
While a moderate amount of dust 
such as is commonly found in wood- 
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working shops, shoe factories, foun- 
dries, and so on, is simply irritating 
to the respiratory passages, it often 
tends to bring on inflamed and in- 
fected conditions of the nasal pass- 
ages which make a person especially 
liable to colds and other acute dis- 
eases of this class. 

Metallic and mineral dust, which 
comes from the grinding and polish- 
ing of metals, stone cutting, sand- 
blasting, and so on, is more harm- 
ful, as continued breathing of air 
loaded with these substances causes 
the heavy particles to accumulate in 
the lungs; “stone-cutters consump- 
tion” is a well-known malady among 
persons engaged in this occupation. 
Breathing the dust of poisonous sub- 
stances like lead, is more rapid in its 
effects and is similar to the inhala- 
tion of a poisonous gas. 

Some dusts are both inflammable 
and explosive. The fire hazard is in- 
creased in textile mills by the ac- 
cumulation of lint around shafting 
and bearings. Fires have been 
traced to hot bearings which ignited 
the lint or dust around them. Also, 
if the shaft or bearing is overhead, 
oil-soaked lint may fall on the work 
in process and at least seriously de- 
preciate its value if not make it en- 
tirely worthless. One of the big 
problems of textile mills is to re- 
move this lint from the walls and 
ceilings of the rooms. It is also 
necessary to clean the lint off the 
machines themselves at frequent in- 
tervals to keep them in running 
order. Much the same condition 
occurs in woodworking and other 
shops where a bulky dust takes the 
place of lint. 
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In direct line with this is the 
danger of explosion where the na- 
ture of the process carried on is 
such as to fill the air with a fine 
carbonaceous dust, as in connection 
with the manufacture of wood prod- 
ucts, charcoal, celluloid and soon. An 
example of the great danger which 
may be brought about in this way is 
the explosion which occurred in the 
Chicago and Northwestern grain 
elevator in Chicago in 1921, where 
the damage to property and loss of 
grain was estimated at $3,750,000. 

Dust explosions in coal mines are 
also common. A similar hazard ex- 
ists in connection with the pulveriz- 
ing and handling of powdered coal 
in power plants, cement mills and 
other industries. The pulverizing 
of aluminum and hard rubber also 
create explosive hazards. Starch 
and flour mills have likewise been 
destroyed by explosions. About a 
year and a half ago, 42 men lost 
their lives in an explosion in a 
starch factory, which was attributed 
to a hot bearing in a screw conveyor. 

In most industries, however, the 
explosion hazard is negligible, al- 
though some of them, such as wood- 
working and others have a fire haz- 
ard. The more common dust removal 
problem is in connection with pre- 
venting dust from interfering with 
the machines, in keeping the plant 
clean and in providing clean air for 
a process or for the comfort, con- 
venience and health of the workers. 

Injury to machinery is produced 
principally by dust of a gritty nature 
which enters the bearings. This 
condition may be brought about by 
dust produced by the process or. 


— — Dust separaror ______ 


Another type of exhausting equipment 
for pneumatic sweeping system. 


In this case the exhauster is of the ro- 
tary instead of the multi-stage turbine 
type, as is the case in the other illus- 
tration of such a sweeper in this article. 
Various types of dust separators may be 
used in connection with these pneumatic 
sweeping 
will be discussed in a later article. 


equipments, some of whic 


i Exhaust to atmosphere 
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Two examples of a sweeping oper- 
ation in a rubber plant. 


These sections of vacuum units are 
connected to filters and an exhaust 
sweeping unit similar to that below. 
Some industrial processes produce a 
fine dust. If this were swept up by 
a broom the dust would simply be 
raised and much of it settle again. 
By the method shown here, it can 
be easily removed not only from the 
floor but from hoods, walls and 
other places. Vacuum cleaning is 
practically the only method of 
sweeping which will not raise a 
dust. In some industries and plants 
the sweepings which are gathered 
up in this way can be worked over 
again when removed by the filters. 


from the use of unfiltered outside 
air as in the ventilation of generat- 
ors and transformers. An important 
matter sometimes overlooked is that 
of filtering the air supplied to com- 
pressors and internal combustion 
engines, when it contains gritty par- 
ticles which will score the cylinders. 

Damage to goods in process of 
manufacture may occur in various 
ways, either from dust produced in 
the building itself or from that 
brought in from outside. This is il- 
lustrated in plants making fine silk 
or paper goods, where dust and dirty 
lint must be kept away from the man- 
ufactured product in its different 
stages. Other cases where dust must 
be removed from the entering air 
are in the manufacture and drying 
of food products, photographic films, 
prepared papers, chemicals, and so 
on. As previously stated, bacteria 
are commonly carried upon particles 
of dust. These organisms thrive 
upon gelatin, glue and certain food 
products, such as butter, milk and 
cheese, so that dust not only has a 
direct effect upon the quality when 
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coming in contact with these sub- 
stances, but may infect them as well. 


METHODS OF COLLECTING AND 
REMOVING DUST 


The operations of collecting, re- 
moving and disposing of both atmos- 
pheric and process-created dust are 
so closely related that they will be 
discussed together here. The prob- 
lem of the disposal of dust after it 
has been collected must be carefully 
considered, as in many localities the 
free discharge of dust-laden air, 
outbound, will prove a nuisance to 
neighboring buildings and other 
property and often is not permitted. 

The dust from cement kilns, flour 
mills, grinding and polishing ma- 
chinery, sandblasting operations and 
so on, are illustrations of this. In 


certain manufacturing plants, it is 


not only desirable to collect and re- 
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move the dust for reasons already 
mentioned, but also for the purpose 
of reclaiming various waste sub- 
stances which it contains. This is 
notably the case in gold- and silver- 
working establishments, where all 
sweepings and refuse from polishing 
machines must be carefully col- 
lected and treated. In other cases the 
precipitation of dust from heavy 
fumes or smoke is practiced at a 
profit. Most types of dust, however, 
have no value. 

The removal of dust may be 
classed under four general heads, as 
follows (a) Removal as it is pro- 
duced at the source. (b) Removal 
after mixing with the air of the room. 
(c) Removal after it has settled up- 
on the walls, floor and other objects. 
(d) Removal from outside air sup- 
plied to the building and from that 
exhausted from it. 

The methods and equipment for 
removing dust as it is produced at 
the source or after it becomes dif- 
fused in the room are quite similar 
to those used for removing fumes, 
gases and vapors as described in the 
previous article. The main difference 
is that because dusts are heavier 
they require a higher velocity of air 


This heavy-duty stationary sweep- 
ing system unit was installed in 
the Cleveland, Ohio, plant of the 
Willard Storage Battery Co. 


The dust and dirt are dumped auto- 
matically from the separating 
tanks Nos. 1 and 2 through chutes 
to bins located on the floor below. 
This apparatus is installed on the 
roof of the building in a special 
house built for this purpose. For 
this reason all of the dust and dirt 
must be drawn upward through 
vertical pipes such as are shown at 
the right, which go down to the 
floors where the ah Sets | is to be 
done. Men with hose lines and 
special sweeping units do the 
sweeping. Before the dirt passes 
through the multi-stage turbine ex- 
hauster it passes through the two 
separating tanks or filters. 
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to keep the particles suspended in 
the air and carry them away. Also, 
as previously mentioned, it is seldom 
possible to exhaust dusts into the 
open. This requires the addition of 
extra equipment to separate the dust 
from the air before it is exhausted, 
which, in turn, increases the head or 
pressure against which the exhaust 
fan works and so requires more 
power to operate than a similar sys- 
tem exhausting the same quantity of 
air containing fumes or gases di- 
rectly into the atmosphere. 

In the case of grinding and buf- 
fing, the wheels are surrounded with 
a hood, which is connected with the 
exhaust line and has just enough of 
the circumference of the casing cut 
away to reach the wheel easily for 
the work to be done. Other machines 
of various kinds are provided with 
similar hoods for carrying away the 
dust and fine refuse produced while 
in operation. The suction required 
will depend upon the nature of the 
dust, as to fineness, weight, and so 


on, and commonly runs from 2 to 5 
in. of water column. Some states 
have factory inspection regulations 
which specify the suction to be 
maintained when exhausting differ- 
ent substances. The shape of the 
hood in all cases depends upon the 


machine and the requirements of. 


operation. Tables I and II on 
page 355 give dimensions of ex- 
haust pipes leading off from various 
machines. 

It is desirable to keep the pipe as 
straight as possible, as bends or 
elbows increase the amount of power 
required to pull the air through 
them and still maintain the required 
suction and velocity. An elbow 
should have a center-line radius of 
1% to 2 times the diameter of the 
pipe. The resistance of this, how- 
ever, is equal to a length of pipe ten 
times the diameter. Losses in pipes 
depend upon the size, length, veloc- 
ity, and other factors. Most com- 
panies providing this type of equip- 
ment will supply tables for determin- 


A dust collecting system with two fans 


each serving 14 machines. 


The size of the fan depends upon the total 
area of the branch pipe served and is found 
by consulting data furnished by the manufac- 
turer of the fan. The main varies in diameter 
from the dead ends towards the fan. 


OUST COLLECTOR 
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This 


diameter at any point is 20 to 25 per cent 
greater than the sum of the areas of all pipes 


entering it up to that point. 
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One type of ventilating arrange- 
ment for a sandblasting room. 


Here the work to be sandblasted is 
placed on the grating. A suction 
through the metal hood above the 
work draws the dust away from the 
operator. The hood is open around 
the edge only to give a higher ve- 
locity of the entering air and there- 
fore a greater suction. This method 
is also used in withdrawing gases 
and fumes. In some cases a suction 
is placed under the grating in the 
bench top also. Fresh air enters 
from the opposite side of the room. 


ing the requirements of a particular 
installation or will give advice and 
consultation on the problems in- 
volved. . 

Another factor to be remembered 
is that the volume of air delivered 
by a fan varies directly as the speed, 
while the air pressure created 
changes in proportion to the square 
of the number of revolutions and 
the power required to drive the fan 
varies as the cube of the speed. In 
other words, doubling the speed of 
the fan doubles the volume deliv- 
ered (which is the measure of the 
capacity), increases the air pressure 
created to four times (the square) 
that previously existing, and in- 
creases the power required to eight 
times (the cube) what it was at the 
original speed. These are factors 
which are often overlooked in an in- 
stallation, particularly when the 
question arises of increasing its ca- 
pacity or adding additional connec- 
tions to machines. These points 
should be kept in mind when plan- 
ning for an installation, because a 
unit to be operated at full-load ca- 
pacity saves on the original cost but 
has a high cost of operation. On 
the other hand, an oversize fan costs 
more in the first place but has a 
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How Dust Is Removed in Industrial Plants 


Equipment and Methods That Have Wide Application 
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A—Here the exhaust main is placed between the 
rows of machines with small lead-off pipes from 
each machine. In some cases the exhaust main 
runs along on the ceiling of the floor below to 
save floor space. 


B-—Hoods, fitting closely around the machines, 
remove the cast-iron dust in the flywheel depart- 
ment of an automobile factory. 


C—A propeller fan in the wall is used to remove 
the dust which arises when cleaning mattresses 
in a bedding factory. 


D-—All suction pipes, particularly connections 
from individual machines, should be provided 
with cut-off blast gates, similar to that shown 
in the outlet of a blower. 

E- -Here a propeller fan in a special hood is used 
to remove the fine dust caused when resurfac- 
ing paint grinding stones. 

F and G—This portable electric tool for cleaning 
electrical and other machinery may be used as 
a blower F or as a vacuum cleaner G. 


H- Another type of portable suction sweeping 
equipment used in cleaning telephone equip- 
ment. This is driven by a motor which gets 
its power from a lamp socket. 


I—This vacuum sweeper is connected to heavy- 
duty equipment through pipes and hose. It is 
used here to gather up coal and dust from the 
floor in a power plant. 

J—Propeller fans inserted in the windows are used 
here for general ventilation in a sandblasting 
room. 

K—Hoods, such as one shown raised on the first 
machine, are placed over each machine to catch 
any lint which may be loosened. A blast gate in 
the pipe just above the hood enables each ma- 
chine to be cut off when idle and so save on 
power used. 


Ot). carey eee 


July, 1925 


lower operating cost. Also, addi- 
tional units may be added without 
causing a prohibitive overload. 

Cutting off connections reduces 
the power required to operate, pro- 
viding these unused inlets are tight- 
ly closed. For this reason it is well 
to provide cut-off slides in the con- 
nections between all machines and 
the main exhaust pipe so that any 
idle equipment may be cut out and 
the power required to operate the 
exhaust system reduced. Also, care 
should be taken to see that no smal) 
openings or leaky joints are per- 
mitted in the branch or main ex- 
haust lines as each adds to the load 
on the system. | 

While it is always desirable to re- 
move dust at its source, when pos- 
sible, there are cases where it is not 
practicable to do this, as in certain 
kinds of sandblasting work. When 
this operation is performed on small 
articles, the sandblast is usually 
placed in a box where the operator 
holds the work in the desired posi- 
tion and watches it through a win- 
dow. Air is exhausted from the top 
of the box and the fresh supply for 
replacement is drawn in through the 
hand holes. 

In the case of larger work, where 
more space is needed, the whole ap- 
paratus is located in a small room, 
with the blast under a hood exposed 
to a strong exhaust. Generally the 
work is placed on a bench with a 
grating on top which is also con- 
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Whenever possible, it is always 
best to remove dust at the source 
before it escapes into the room. 


Here a special suction line is con- 
nected to the working hood of a 
stone cutting machine in a marble 
works. The flexible hose allows: the 
machine to be moved about easily. 
As this dust is heavy and would 
have an abrasive action on the fan, 


removed through the 
shown before it 


it is 
collector 
the fan. 


special 
enters 


nected to an exhaust. Fresh air is 
drawn in at the rear, as shown in 
the sketch on page 323, and tends 
to carry all dust away from the 
workman and into the hood or down 
through the bench. This same 
general scheme is often applied to 
other kinds of work where operating 
conditions are much the same. 
Several industrial plants build 
workbenches with gratings and a 
suction in the top. These are used 
particularly for working on brass 
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and other castings. In this way the 
dust is drawn down and away from 
the worker, as produced. In other 
cases a suction hood is placed beside 
the work. One of the illustrations 
shows such a hood beside a bench 
used for cleaning furs. The furs 
are gone over by a small suction 
cleaner as shown and any dust or 
hair escaping is drawn away from 
the operator through the hood. 

Where the dust particles are very 
fine, and not especially irritating, 
general room ventilating is usually 
sufficient, and this method is also 
used to a certain extent, even where 
suction hoods are applied at the 
source, to remove the dust which 
escapes these and passes into the air 
of the room. 

While in most plants one or more 
central or departmental exhaust sys- 
tems, each connected with a single 
fan, are employed, there are cases 
where individual units, or a number 
of small group systems are used eco- 
nomically and equally effectively. 
This generally occurs in establish- 
ments where there are compara- 


A suggested type of vertical duct 
shutter for openings in fire walls. 


Exhaust systems which gather lint 
or inflammable dusts may be pro- 
vided with a vertical duct shutter 
where they pass through fire walls 
to prevent the passage of a fire 
from one part of the building to 
another. This shutter and the two 
devices on the following page are 
recommended by the National Fire 
Protection Association. 


for tin 


qelvanized sheet iron 
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Flange Collar 
Damper and Wall sleeve 


tively few machines requiring dust 
removal and where these are located 
at wide intervals. 


PNEUMATIC SWEEPING AND CLEAN- 
ING OF PLANT AND MACHINES 


Removal, after the dust has settled 
upon the walls, floor, and on objects 
in the room, including the machin- 
ery, requires pneumatic sweeping 
equipment to secure the best results. 
This type of equipment is commonly 


Another type of automatic hinged 
a shutter for openings in fire 
walls. 


This shutter is also used to prevent 
the passage of fire, which may arise 
in a duct containing lint or other 
inflammable material, from one side 
of a fire wall to another. It is al- 
ways advisable, if possible, not to 
extend ducts or other openings 
through fire walls. However, when 
sguch is necessary, devices such as 
this or the vertical shutter, shown 
on the preceding page, may be used. 


Flande Collar 
P to be Riveted 


Fusi ble 


Link 


Noncorrosive Bearing 
Use No 8 U.S. Gauge steel 


For Damper, Wall sleeve | 
and Collar. | 


termed a “vacuum cleaner” and con- 
sists of motor exhauster, and sep- 
arator, arranged as shown in an ac- 
companying sketch on page 321. The 
inlet to the separator is connected 
with a system of piping extending 
to all parts of the building, and 
provided with outlets for connecting 
a flexible hose and cleaning tool. 
The form and size of the tool de- 
pend upon the character of the work 
to be done and the nature of the 
surfaces to be reached, whether 
floors and walls or parts of machines 
and other irregular places difficult 
of access. When in operation, the 
exhaust maintains a partial vacuum 
in the separator, thus drawing in 
the dust-laden air from the cleaning 
tools through the system of connect- 
ing piping. Dust and air are sepa- 
rated in the tank, the air passing 


NOTE: All jointe mus? be 
Dust tight. 


——— — > 


| 


NOTE. Stenderd Pn ciod ahullecs 
te be used for ali opemngs 
TO” end over; detract Iiron oe 
otee! wwihere may be used 
for smeller mize openngs. 


Vol.83, No.7 


Where the duct opening through 
fire walls is not over 12 in. in 
diameter automatic dampers such 
as these may be used. 


Here dampers are placed in the pipe 
on each side of the fire wall and 
have fusable links both outside the 
duct and inside so as to drop the 
damper in case of a fire either 
within the room or within the duct. 


to the exhauster, from which it is 
discharged outside. A fairly strong 
suction is required for this work, 
depending upon the length of the 
pipe lines and other local conditions. 
Usually a suction of 6 in. of mer- 
cury column or about 80 in. of water 
is the maximum while 2 in. of mer- 
cury, or 27 in. of water is the mini- 
mum. ° 

An installation based somewhat on 
this same general] principle is used 
in the reconstructed Chicago and 
Northwestern grain elevator to keep 
down dust accumulation and so pre- 
vent another explosion. This sys- 
tem has 408 inlets all over the plant 
and a capacity whereby 24 men can 
sweep at a time. Two to three car- 
loads of material are removed daily. 
This also gathers up any grain, 
which may drop from the conveyors 
or otherwise, along with the dust. 
Grain, however, is separated and 
saved. Rubber and other plants also 
employ pneumatic sweeping exten- 
sively to remove the dust which set- 
tles during the process. 

Recent practice makes use of 
lower pressures than were formerly 

(Please turn to page 355) 
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FAILURE of a switchboard, or some of 
the component parts thereof, may have 
very serious consequences, in so far as 
continuity of service in the plant is con- 
cerned. The instructions which are given 
in this article have been prepared to 
the end that avoidable troubles may be 
prevented by the proper installation and 
care of this equipment, by operating and 


maintenance engineers. 


Installation and Care of 


Power Switchboards 


For the Guidance of Those Who Are Responsible 
for the Proper Operation and Maintenance of This 


Important Equipment 


stallation, operation and care of 

power switchboards, oil circuit 
breakers and switching equipment 
have been issued under date of May, 
1925, by The Electric Power Club, 
for the use of operating and mainte- 
nance engineers. 

The Electric Power Club is an as- 
sociation of manufacturers of elec- 
tric power apparatus and control 
equipment. The purpose of the or- 
ganization is to devise standards of 
practice and construction in the de- 
sign and application of electrical 
equipment, and to promote advance- 
ments in the production and use of 
such equipment. 


. STRUCTIONS covering the in- 


In the introduction to the instruc- 
tions for the installation, operation 
and care of power switchboards and 
switching equipment, the following 
comment is made: 

“The successful operation of 
power switchboards and switching 
equipment depends upon proper in- 
stallation and care, as well as upon 
proper design and manufacture. 

“It is obviously impracticable to 
give instructions here applying to 
each of the many devices used to 
form a complete switchboard. The 
manufacturer’s instructions given 
with each device should be consulted 
for detailed information on its in- 
stallation, operation and care.” 


This illustration shows part of the switch 
board in a large steel mill. The feeders 
from the direct-current board, at the 
right, are carried up in conduit mounted 
on the wall behind the board. The oil 
switches mounted on the platform are con- 
trolled from the alternating-current board 
at the left. Note the method of support- 
ing the buses on a pipe framework, on 
the platform. Courtesy of The Cutter 
Company, Philadelphia, Pa. 


The instructions covering power 
switchboards are substantially as 
given below. Instructions for the 
operation and care of oil circuit 
breakers and switching equipment 
will be given in a succeeding issue. 


LOCATION OF SWITCHBOARD 


The switchboard in the modern 
power plant is seldom a self-con- 
tained device; many pieces of ap- 
paratus are necessarily located some 
distance away from the board 
proper. The switchboard manufac- 
turer can usually render the cus- 
tomer great assistance in the selec- 
tion of proper location, if drawings 
or sketches of the station are given 
to the manufacturer when placing 
the order. It is also safe to say that 
with full knowledge of the available 
space and conditions, a better or 
more suitable switchboard can be 
made. Details can, without affecting 
cost, be adapted to conditions. 
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In settling the location of switch- 
ing equipment, first consideration 
must always be given to personal 
safety. Continuity of service often 
demands inspection, cleaning, and 
repair with a minimum of equip- 
ment out of service. Ample space is 
the best safeguard. Aisles should 
always be liberal, and particularly so 
if used when operating disconnect- 
ing switches, and when inspecting 
and adjusting other equipment. 

Before attempting to install the 
switchboard the purchaser should 
make himself familiar with the reg- 
ulations of the National Electrical 
Safety Code, The Electric Power 
Club’s safety standards, and any 
local rules that may apply. Where 
local rules affect the design of the 
switchboard, the purchaser must 
bring such rules to the attention of 
the manufacturer before the switch- 
board is designed. 


Mats of good quality rubber or. 


other insulating material may be 
placed in front of the board and in 
the aisles, as a further protection to 
the operators. 

Switchboard equipment designed 
for indoor installation must not be 
exposed to excessive moisture such 
as driving rain or condensation drop. 
It must be installed in a dry place, 
kept at a uniform temperature, and 
free from corroding fumes and 
abrasive dust. Any contemplated 
deviation from this rule should be 
referred to the manufacturer for 
advice. In locating the switchboard, 
precautions should also be taken to 
guard against strong drafts carry- 
ing the arc from air circuit break- 
ers to ground. 

Rheostats and resistances should 
be located so as to obtain sufficient 
ventilation, and so that one cannot 
transmit heat to another or to other 
apparatus. 

Provision should be made for 
space for future growth, so that ad- 
ditional equipment can be installed 
with the minimum interference to 
service, and with the maximum fac- 
tor of personal safety. 


ERECTION OF PANELS 


The switchboard is usually erected 
on a sill of 6-in. channel iron or 2- 
in. by 7-in. hard wood, carefully lev- 
eled and bolted to the floor after the 
panels, or at least the panel supports, 
have been erected on it. The chan- 
nel sill should also be grouted to the 
floor by pouring thin concrete into 
it from the ends and through holes 
in the top, either before or after the 
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erection of the panel frame. The 
panel frame is held by bolts tapped 
into the channel sill, or by lag 
screws if a wooden sill is used. 

The method of anchoring panel 
braces is dependent on the construc- 
tion of the wall. Heavy panel equip- 
ment requires solid fastenings. Ex- 
pansion bolts, through bolts, or an 
angle iron bolted along the wall may 
be used. 

The panel frame may consist of 


1\4%4-in. upright pipe supports, angle 


irons, or, channel irons for exception- 
ally heavy equipment. 

Regardless of the frame construc- 
tion and the method of shipping 
panels, whether assembled or dis- 
mantled, the middle panels should 
be erected first, and plumbed and 
braced securely. If the supports are 
shipped separately the framework 
should be set up and plumbed first, 
then the panels bolted to it, first 
loosely to avoid cracking, and then 


Fig. 1—This shows how the buses 
and feeders were mounted overhead 
in an installation in the Baltimore, 
Md., plant of the American Sugar 
Refining Co. 
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securely. Flexible washers must be 
placed between the frame and the 
panels. If shipped on its supports, 
each panel will be set up adjacent to 
the fixed panel and anchored in 
place. Shimming should be done be- 
tween the sill and bottom edge of 
panels to plumb the free edge. Some- 
times it may be necessary to file the 
edges of two adjacent panels by 
means of a hack saw blade inserted 
between them, in order to fit them 
closer together. 

Benchboards are sometimes 
shipped assembled, but are more 
frequently knocked down. When 
erecting the board, the sills are lev- 
eled and bolted in place first; then 
the framework is set up and an- 
chored to the sills; next the vertical 
sections below the bench sections are 
erected, always starting from the 
middle of the board; and last the in- 
strument sections are set up. The 
grille or sheet-iron work should be 
fitted, but is sometimes not bolted 
into place until after wiring. 


FRAME STRUCTURE 


Most of the frame structure other 
than that supporting the panels is 
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today made of 114-in. pipe with 
threadless fittings, because of its 
stiffness compared to its weight, its 
ease of assembling and adjustment, 
and its attractive appearance. 

All such structures should be well 
braced together to avoid any flexi- 
bility that might tend to affect the 
operation of oil circuit breakers, or 
transmit jars from them to the pan- 
els. The threadless clamp fittings 
offer in this respect the best facili- 
ties for perfect adjustment. 

In a heavy-capacity installation 
complete magnetic circuits should be 
avoided around a conductor carrying 
a great amount of current. 

The frame must be effectively 
grounded and the paint removed 
from the pipes and fittings at the 
points of contact. There should 
never be more than three clamped or 
screwed joints in series for each 
ground connection. 

Pipe caps should be slipped on the 
exposed ends of all pipes for im- 
proving the general appearance of 
the installation. 

All metal work should be painted 
from time to time for protection and 
appearance. 3 


MAIN CONNECTIONS 


The main connections and the pipe 
framework may be fabricated, as- 
sembled and marked by the switch- 
board manufacturer. It is then a 
simple matter to install them by re- 
ferring to the assembly drawings, 
which bear detail numbers corre- 
sponding to those stamped or sten- 
ciled on or tagged to the details. It 
is important to see that these draw- 
ings contain the latest revisions ac- 
cording to the shipping memoran- 
dum. When the apparatus is not 
assembled at the manufacturer’s 
plant, the main connections, as well 
as the pipe framework, must be 
made at the point of installation. 

Special attention should be given 
to all joints, whether clamped, 
bolted or soldered; all contact sur- 
faces ‘must be clean and smooth. 
Clamping and bolting must be such 
that the pressure is evenly distrib- 
uted, and that there is no possibility 
of the opening of a joint due to vi- 
bration or to changes in tempera- 
ture. This is particularly important 
where the connections and their 
joints are insulated after installa- 
tion. Lock washers and locknuts 
are sometimes necessary. 

It should be remembered that the 
conductivity of a bolted or clamped 
joint is proportional to the pressure 
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Fig. 2—Here is a neat way of 
arranging and supporting heavy 
buses at the back of the board. 


Note the cable lugs and bus connec- 


tions; also, that the angle-iron 
framework of the board is sup- 
ported on a channel-iron sill. The 
circuit breaker which is mounted 
on a panel at the rear is controlled 
from the front of the board. 


applied at the joint. A poor joint 
may heat until the surface is an- 
nealed or oxidized, which in turn 
causes increased heating. 

It should be remembered in mak- 
ing soldered connections that the 
solder has greater resistance than 
the copper, and therefore will heat 
if not sufficiently distributed over 
the entire joint. A heavy overload 
may cause heating sufficient to melt 
the solder, and care must be taken 
that there is no strain or tendency 
to separate such joints. 

Iron clamps with steel bolts may 
be used in clamping connections for 
direct-current work, but for alter- 
nating-current connections and buses 
the clamps must be so constructed 
as to guard against magnetic cir- 
cuits around individual conductors. 
This is especially important for 
heavy currents. 

All contact surfaces of buses and 
copper conductors must be thor- 
oughly cleaned with sand paper and 
oil immediately before they are 
clamped together. It is recom- 
mended that the purchaser extend 
this operation to the entire surface 
of the bars which are not to be in- 
sulated after installation, and then 
give them a coat of transparent lac- 
quer to prevent tarnishing and to 
preserve a bright appearance. Every 
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trace of oil must be removed before 
applying the lacquer. It is impor- 
tant that no lacquer should flow on 
the contact surfaces, and it is, 
therefore, best to do this work after 
the joints have been made. When 
changing buses that have been lac- 
quered, the new contact surfaces 
should be washed clean with alcohol 
and then carefully scraped. 

There should be uniformity and 
consistency in the order and ar- 
rangement of conductors for the sake 
of appearance as well as for con- 
venience in caring for the equip- 
ment. This should be carried as far 
as practicable; for instance, on di- 
rect-current boards the positive bus 


and connections may be located near- 


est the board, nearest the top, and 
at the right-hand side facing the 
back of the switchboard. On alter- 
nating-current boards, phase 1 may 
occupy the same position as indi- 
cated above for the positive bus on 
direct-current switchboards. 

Complications will naturally arise 
when the equipment is mounted away 
from the switchboard. It then be- 
comes necessary to determine how 
far this uniformity should be car- 
ried through the station and to the 
lines. Local conditions and the size 
of the power system will be the gov- 
erning factors in deciding this. 

All buses and connections on the 
switchboard should be designed on 
the basis of a maximum tempera- 
ture rise of 30 deg. C. above the 
room temperature. This limitation, 
and mechanical stability determine 
in general the size and shape of 
switchboard conductors. For the 
smaller current capacities, round 
conductors are frequently used as 
follows: 


CONDUCTORS FOR SMALL CURRENT 


CAPACITIES 
Maximum 

Bare Rod Amperes 
// ³ĩo ee 75 
5/16 in. dia. FFF 150 
sin dif- no a teteree 200 
F/ ˙¹ Err 300 

Insulated Wire 
No. 1/0 A. W. G . 175 
No. 4/0 A. W. G ˙ EIEI— eee 300 


Fig. 3 shows a method of approxi- 
mating the amount of copper re- 
quired for heavy buses and connec- 
tions. Any special conditions should 
be referred to the manufacturer for 
advice, with full data on local con- 
ditions, because ventilation greatly 
affects the results. 

Rigid supporting of all conductors 
is necessary, not only for appear- 
ance, but also to withstand any elec- 
tromagnetic stresses which abnor- 
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mal conditions may produce. The 
short circuit force measured in 
pounds involves several factors, as 
for instance: the frequency and re- 
actance of the circuit, the spacing 
and shape of the conductors, the 
construction of the supports, etc. 
Problems of this nature encountered 
in the installation of a switchboard 
should be referred to the manufac- 
turer for advice. 

In alternating- current installa- 
tions, iron parts, such as supports, 
conduits, floor beams, etc., must not 
be placed between the different con- 
ductors of a circuit in such a man- 
ner as to form magnetic loops around 
a single conductor, and when dealing 
with capacities of about 2,000 amp. 
and above, care must be taken to 
avoid large masses of iron in close 
proximity to the circuit, as other- 
wise the iron will heat. This applies 
even to reinforcing material in con- 
crete compartments. 


SECONDARY AND SMALL WIRING 


All secondary connections from 
current and potential transformers 
to instruments should be metallic; 
the use of the earth as one of the 
conductors is in general not per- 
missible. 

Metallic conduit is recommended 
for all instrument and control leads 
between switchboards and other 
equipment, but care should be taken 
that all leads of one circuit are 
placed in one conduit. Control leads 
should not be placed in the same con- 
duit with secondary leads; it is well 
to make provision so that any rea- 
sonable repairs or changes can be 
made without jeopardizing the con- 
tinuity of service. If the secondary 
and control leads do not run beyond 
the switchboard room, they fre- 
quently enter the switchboard 
through conduits overhead; other- 
wise the best practice is to imbed 
the conduits in the switchboard 
floor, terminating about 2 or 8 in. 
above the finished floor, and as close 
to the terminal boards as possible. 
The top of the conduits must be pro- 
vided with bell mouths or bushings 
to prevent injury to the insulation 
on the wires. The openings should 
be filled with wooden plugs or oakum 
after connections have been made. 

The inside diameter of the conduit 
should be 30 to 85 per cent larger 
than the cable used in it. Uniform- 
ity of size, even if larger than neces- 
sary, is an advantage in appearance, 
as well as in purchasing the mate- 
rial. Sharp bends in the conduit 
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must be avoided and the number of 
bends between outlets should be 
held down to not more than three or 
four. During construction work all 
conduit ends should be sealed by 
corks or wooden plugs until the 
cables are pulled in. Joints should 
be water tight, particularly if laid 
in concrete, and provision should be 
made for drainage to eliminate any 
water that may accumulate due to 
condensation or accidents. All con- 


Recommended Thickness of 
V. C. Insulation on Conductors 


8,801-10, 000 
10,001-11, 600 
11,60 1-13, 400 
18,401-15, 400 
15, 401-17, 400 
17, 401-19, 400 
19, 401-21, 200 
21, 201-28, 200 


26, 801-28, 000 
28,001-30, 400 
30, 401-82, 800 
32,801-35, 200 
85, 201-87, 600 
87,601-40, 000 


NorE: This table is based on 
the use of 0.010- or 0.012-in. 
varnished cambric. 


ductors of a single-phase or poly- 
phase circuit must be run in the 
same iron conduit; or fibre conduit 
may be used for individual con- 
ductors. A wire or steel tape should 
be used in pulling the cable through 
the conduit. This work is materially 
lessened if talc or soapstone powder 
is blown into the conduit or dusted 
on the cable. It is very important to 
clean the inside of the conduit be- 
fore putting the cable through. 
Another method of entering the 
board from below is to let the con- 
duits terminate in a trench just 
back of the switchboard sill. Insu- 
lating bushings, through which leads 
are brought up to the board, are set 
in a plate projecting slightly over 
the switchboard side of this trench. 
Removable plates cover the trench. 
This arrangement permits a certain 
amount of crossing of leads out of 
sight, so that they can be brought 
up to the board immediately below 
the terminal points. To make the 
connections easier, multi-conductor 


6 


Vol. 83, No.7 


cable is usually furnished with dif- 
ferent- colored braid on each con- 
ductor. 

Solid wire may be used with 
flameproof covering for exposed wir- 
ing on the back of the switchboard, 
and on the framework. A fixed or- 
der of leads is followed as far as 
practicable in cleating wiring to the 
panels; for instance, for each panel 
or circuit the current leads may be 
brought up at the left side facing 
the rear of the switchboard, the po- 
tential to right, and the control leads 
in between. 

No bare connections above 750 
volts should be allowed in the 
switchboard room, or where connec- 
tions are accessible from the aisles. 
Connections for about 11,000 volts 
and above are usually so far out of 
reach as to be harmless, and so well 
protected by space insulation as to 
preclude the necessity for wrapped 
insulation. The switchboard manu- 
facturers cannot furnish these con- 
nections insulated because the tap- 
ing should be continuous over the 
connections and the terminals or 
lugs. This is considered part of the 
installation material. It is also rec- 
ommended that the purchaser insu- 
late all connections and terminal 
lugs for circuits below 750 volts in 
which enclosed switches or oil cir- 
cuit breakers are used. While a 
lever switch with bare live parts is 
in itself a caution notice, a device 
such as an oil circuit breaker, being 
enclosed, inspires confidence and in- 
vites dangerous contact with termi- 
nals and connections. It should, of 
course, be borne in mind that a care- 
fully wrapped conductor may not be 
safe to handle alive. 

In general, connections installed 
in compartments and those operat- 
ing at 15,000 volts and above are not 
insulated. Since insulation has a 
tendency to increase the temperature 
rise of a conductor, the purchaser 
should not insulate connections de- 
signed to be left bare without first 
consulting the manufacturer. 

The proper thickness of insula- 
tion for different voltages based on 
the use of 0.010-in. or 0.012-in. var- 
nished cambric is suggested in the 
accompanying table. Over the out- 
side layer of varnished cambric 
there should be applied cotton tape 
half-lapped and finally two coats of 
flame-resisting paint. 


GROUND CONNECTIONS 


A good and reliable ground connec- 
tion is very important for every 
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switchboard installation. It should 
be of sufficient capacity to take care 
of any abnormal conditions that may 
occur on the system, and it should 
be independent of the grounds for 
lightning arresters and other power 
apparatus. 

The secondary windings of all 
current and potential transformers 
should be connected to ground at the 
transformers and without fuses. If 
for any reason this cannot be done, 
as for instance with instruments and 
meters having secondary current 
and primary potential coils, the sec- 
ondary wiring must be insulated and 
installed to withstand primary po- 
tential with safety. 

All metal conduits should be 
grounded. 

The switchboard frame should be 
grounded at every upright support, 
and care should be taken to remove 
the paint on fittings and pipe to per- 
mit a good connection. The channel 
sill should be grounded in this man- 
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ner by a perfect contact with the 
supports. 

Exceptions — An insulated frame 
should be used for single-polarity, 
direct-current switchboards of 700 
volts or less with grounded negative. 

Switchboard devices for operation 
at 150 volts or more above ground 
potential should have their exposed 
metal frame parts permanently 
grounded when these are insulated 
from the current-carrying parts and 
not isolated by elevation or other- 
wise permanently protected. This 
rule covers, for example, transform- 
ers and alternating-current instru- 
ment casings, operating mechanisms 
for switches and oil circuit break- 
ers, oil circuit breaker frames, rheo- 
stats, compensators, etc. This is 
usually accomplished by connection 
to ground buses, of a cross-section 
not less than No. 2 A.W.G., which 
should run the entire length of the 
switchboard, and the oil breaker 


structure, if the two are separate. 


8 affer arrows refer to 
width of laminations in inches 


Direct current 
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Steel work and frames for high- 
voltage switching equipment should 
be grounded at several points to 
guard against insulation at the 
joints. There should never be more 
than three clamped or screwed joints 
in series for each ground connec- 
tion, and for high-voltage apparatus 
there should be less. 

There are various methods used to 
secure a ground connection. One 
plan is to drive galvanized iron pipes 
of about % in. diameter into perma- 
nently moist earth, spacing them 
about 8 ft. apart along the side of 
the station, and joining them to- 
gether by a copper strip about 1 in. 
by & in. The pipes should be kept 
filled with rock salt. The ground 
connection should be made to this 
system of pipes at two or three 
points, and all joints riveted and 
soldered, or brazed. 

Another method in many cases 
preferable is to bury a copper plate, 
about 8 ft. square, in permanently 
moist earth with a layer of crushed 
coke or charcoal about 2 ft. deep, 
both below and above it. The ground 
cable, which should be riveted and 
soldered across this plate, should be 
brought into the station and se- 
curely connected to the different 
ground buses. 

Work on current-carrying parts 
should not be undertaken until these 
parts have been disconnected from 
the system and connected to the 
ground bus. Provision should be 
made, therefore, by the purchaser 
for connecting flexible ground leads 
so as to reach every part of the 
switching equipment. 


ILLUMINATION OF SWITCHBOARD 


The switchboard should be amply 
illuminated both front and back by 
the station lighting system, and it 
is well to provide some emergency 
system so that the switchboard room 
cannot be put in darkness under any 
abnormal condition. In stations 
with storage batteries, this can be 
accomplished most easily by means 


Fig. 3—Current-carrying capacity 
of usual sizes of copper buses. 


These curves refer to buses com- 
posed of laminations & in. thick 
with K in. spacing between lamina- 
tions, and an allowance of 8 in. be- 
tween phases. he values given 
may be used for currents not ex- 
peedine 3,000 amp.. and are based 
on a 30-deg. C. rise at an ambient 
temperature of 40 deg. C. The use 
of two -in. thick Tiininations in 
place of one K in. thick strap gives 
increased capacity due to increased 
radiating surface. However, this 
advantage is gradually offset by in- 
ductance as the number of lamina- 
tions per phase increases and as the 
spacing decreases. 
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of automatic throw-over switches, 
which, on failure of the normal 
lighting circuit, throw a number of 
lights on to the battery. 


PHASE ROTATION 


A method which is often most 
convenient for testing out the con- 
nections for phase rotation is to use 
a small induction motor connected 
to the line or to the machine direct, 
or through potential transformers. 
Another simple method is that shown 
in Fig. 4. One of the lamps will 
glow more brightly than the other. 
If lamp B is brighter, phase rota- 
tion is clockwise, or 1, 2, 3. If, on 
the contrary, lamp A is the brighter, 
phase rotation is 3, 2, 1, or counter- 
clockwise. It is always a wise plan 
to study carefully the instructions 
sent with the machine before con- 
necting it up for operation. 


SYNCHRONIZING © 


The following instructions serve 
for testing the connections of the 
synchronism indicator or synchro- 
scope, and for emergency conditions. 
Unless the two polyphase circuits 
have already been running in paral- 
lel, so that there is no question about 
the sameness in phase rotation, two 
phases should be checked. Connec- 
tions may be made as in Fig. 5 with 
the circuit breaker open. When the 
electromotive forces of the two 
sources are exactly equal and in 
phase the current through the lamps 
is zero. As the phase difference in- 
creases, the lamps light up, and at 
180 deg. out of phase they will all 
burn with full voltage. The rate of 
pulsation of the lamps depends upon 
the difference in frequency of the 
two polyphase circuits. So far it has 
been assumed that the phase rota- 
tions of the circuits to be synchro- 
nized are the same. However, should 
the two sets of lamps, the lamps in 
the two phases, not pulsate in uni- 
,80n, it is safe to say that the phase 
rotation of the two sources is not 
the same, and changes should be 
made in the order of the main con- 
nections until the desired indication 
is obtained. 

Only one set of lamps is necessary 
for single-phase circuits, as there is 
no question of phase rotation. The 


method just described here is 
termed synchronizing with dark 
lamps. To determine whether the 


lamps will be dark or bright for a 
given synchronizing connection 
when the machines are in phase, the 
main leads should be disconnected 


Y Potential transformers 
“when required 


. Inductive load 
5 such asa 
R plunger relay 


ieee 


Fig. 4—Here is a simple method of 
determining phase rotation. 


With the connections shown one of 
the lamps will be brighter than 
the other. If lamp B is brighter 
than lamp 4, phase rotation is 
1, 2, 3. or clockwise. If lamp A is 
brighter, phase rotation is 3, 2, 1. 
or counter-clockwise. 


at the generator and the circuit 
breaker closed. Since both circuits 
are then connected to one source of 
power, the lamp indication will be 
the same as if the circuit breaker 
were open and the separate sources 
of power were in synchronism. 

It is extremely important in all 
such synchronizing connections that 
the indication represent the condi- 
tion of the circuits at the circuit 
breaker, which is to parallel the cir- 
cuits, In other words, if there are 
transformers in one of the circuits 
to be synchronized, they must be 
outside the synchronizing connec- 
tions, as in Fig. 5, otherwise there 
is a danger of there being a syn- 


Yo synchronous 
mer machine 


Fig. 5—Method of synchronizing 
with dark lamps. 


The connections of the synchroniz- 
ing device should be made as indi- 
cated, with the circuit breaker 
open. When the two circuits are 
180 deg. out of phase, the lamps 
will glow with full brilliancy. As- 
suming that the voltages of the 
circuits are equal, as the phase dif- 
ference decreases the brilliancy of 
the lamps will decrease so that 
when the circuits are exactly in 
phase the lamps will be dark. 
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chronous indication while the cir- 
cuits are in direct opposition. 


a 
GROUND DETECTORS 


It is frequently necessary on un- 
grounded systems, alternating cur- 
rent as well as direct current, to in- 
stall some kind of equipment for de- 
tecting or reading leakage to 
ground. The simplest method for 
low voltage, two-wire systems is to 
connect two lamps of the system 
voltage in series across the two 
wires, with the connection between 
the two lamps grounded. A ground 
on one side will obviously short-cir- 
cuit and darken the lamp on that 
side. A static or glower type of 
ground detector instrument is gen- 
erally used for voltages above 300. 


OPERATION 


Inasmuch as the switchboard con- 
trols all of the machinery and other 
apparatus in the station, it is most 
essential to its proper operation that 
the operator become familiar with 
all general and special instructions 
referring to the apparatus. 

Before putting the switchboard 
into service, all connections to in- 
struments, meters, relays, etc., 
should be carefully checked with the 
drawings and care should be taken 
to see that resistances are connected 
in all the meter and instrument cir- 
cuits requiring them. A prelimi- 
nary trial should then be made to 
see that the instrument and meter 
equipment reads or records in the 
proper direction. In fact, before 
putting a switchboard into actual 
service, it is advisable to put current 
through all parts at reduced poten- 
tial in order to bring out any weak 
spots. The potential and load can 
then be slowly increased to normal. 

Every detail should be closely 
watched, and anything out of the 
ordinary should be carefully noted 
and investigated. The switchboard 
manufacturer invites information on 
the behavior of the equipment, and 
welcomes opportunities to assist 
with advice. Any defects discovered 
should be reported to him immedi- 
ately. 

Before each starting of the plant, 
be sure that all switches and circuit 
breakers involved are open and that 
no other device is in such condition 
as to cause trouble when throwing 
potential on the switchboard. After 
everything is adjusted and running, 
the instruments should be read reg- 
ularly to see that no device or 

(Please turn to page 350) 
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Taking and Recording 
Rewinding Data 


On D. C. Armatures so That All of the Details of 
the Winding Will Be Noted in Such a Manner That 
Any Winder Can Use the Data 


By A. C. ROE 


Renewal Parts Engineering Department, 
Homewood (Pa.) Works, Westinghouse 
Electric & Mfg. Co 


AKING the rewinding data 
on the armatures of direct- 
current motors is a very im- 
portant part of the motor repair job 
if the repaired armature is expected 
to duplicate the performance of a 
new one. If an important detail is 
incorrectly recorded or omitted, 
costly mistakes may be made in re- 
winding the armature. To insure 
that the data are completely and 
correctly recorded, a systematic 
method of taking and recording 
them should be followed. In the 
June issue of INDUSTRIAL ENGINEER, 
details of three methods of taking 
these data were given. The first of 
these methods is very simple and 
will undoubtedly fill the needs of a 
small repair shop handling a limited 
variety of motors. The second 
method is more comprehensive in 
scope and will meet the needs of 
many larger shops. The third 
method is very complete and covers 
practically all of the more usual 
types of direct-current armatures. 
There is no one best method that 
can be used for all kinds of wind- 
ings. One method is sometimes 
more suited to one type of winding 


than to another. However, another 
method may be more easily under- 
stood by the men who have to use it. 
It is for this reason that in what fol- 
lows several other methods are giv- 
en, which many winders will un- 
doubtedly desire to use. 

In the forms that were described 
in the preceding article the lead 
throw was counted from, or based 
on, the center line of the slot that 
holds the bottom coil side. In other 
words when taking the data on a 
winding, the slots containing the 
top and bottom coil sides of a se- 
lected coil were first located. The 
slot holding the bottom coil side was 
called slot 1 and this slot was used 


Figs. 1 and 2—Method of taking 
data on strap-wound armature. 


Inspection of the diagram and the 
illustration of the armature that it 
represents will show that each slot 
contains two half-coils or winding 
units, each of which consists of five 
straps. C1, C2, C3, C4, and C5 are 
the top straps, and EI, E2, E3, E4 
and £5 are the bottom straps. The 
inner circle represents the commu- 
tator. The important thing to know 
is which top strap connects at the 
rear to a given bottom strap. In the 
winding shown the strap CS from 
slot A is connected at the rear to 
strap £2 from slot B. The front 
end of strap C3 is connected to com- 
mutator bar 1 while the front end 
of strap £2 is connected to bar 83. 
Consequently, the lead pitch is said 
to be l-and-84, C3-E2. Commutator 
bar 12 js directly under the center 
of slot A; hence the top lead throw 
is said to be 1-and- 12. 
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IT IS VERY easy to leave out 
some important detail when 
taking the data on an arma- 
ture that is to be rewound. 
This is particularly true in 
the case of direct- current 
armatures, for in addition to 
the data concerning the coils, 
data must be taken in con- 
nection with the commutator. 
This is the second of a series 
of articles on this subject by 
Mr. Roe. The first article 
was published in the June 
issue and gave some of the 
more simple methods that he 
has found to be of value. This 
article describes some rather 
elaborate forms which may 
be useful in your repair shop. 


as a base in determining the num- 
ber of the slot holding the top side 
of the coil. Next was found the 
commutator bar to which the lead 
from the bottom coil in slot 1 was 
connected. This bar was called bar 
1 and, counting from this bar as a 
base, the bars connecting to the top 
coil side and also the bar or mica 
between two bars which were in line 
with slot 1, were located. From this 
the coil throw, lead throw, and the 
lead pitch were found. 

In Fig. 3 are shown forms for re- 
cording rewinding data, which use 
the center line of the coil as a base 
in determining the lead throw, in- 
stead of the center line of the slot 
containing the bottom coil side, as 
was the case in the preceding article. 
Diagram A shows a winding unit 
having five coils per cell. The cen- 
ter of this winding unit or bunch 
of coils falls on slot 4 and also on 
commutator bar 82. In determining 
the lead throw, the center coil of the 
winding unit is used as a base, as is 


é 
l {ti JER 
i 


th 


. MR 


‘tea 
Hi 


H 


hypper 


1 e 


334 


shown in the diagram. Counting 
from the adjacent bar to the one on 
which the center line of the coil 
falls, we find that the center lead 
from the bottom coil side falls on a 
bar which is 31 bars away from the 
reference bar in line with the center 
of the coil. The same is true for 
the center lead of the top coil side. 
The bars may be numbered as given, 
or better, the bar connecting to the 
center bottom lead may be called 
bar 1, the bar on the center line of 
the coil may be called bar 32, and 
the bar connected to the center top 
lead may be called bar 63. This is 
indicated in the diagram. 

In B of Fig. 3 is shown a similar 
diagram for a coil, the center line 
of which falls on a tooth and upon 
the mica between two bars. It also 
shows the manner of indicating a 
dead coil. l 

In C, D and E of Fig. 3 are in- 
corporated all the good points of the 
preceding data forms. Diagram C 
is for lap windings while D and E 
are for wave windings. In each of 
these three diagrams it will be no- 
ticed that two arrangements of slots 
are shown. The top arrangement is 


for use when the center line of the 


coil falls on the center of a slot, 
while the lower arrangement is used 
when the center line of the coil falls 
on the center of a tooth. In each 
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case the slot marked A is taken as 
the slot holding the bottom coil side 
and is called slot 1. Slot F locates 
the center of the coil if the coil cen- 
ter falls on a slot; if it falls on a 
tooth, slots E and D locate the coil 
center. Slot B holds the top coil 
side. 

In diagrams D and E provision is 
made for when the center line of the 
coil falls on the bar, as well as when 
it falls upon the mica between two 
bars. Bar S is located in the for- 
mer case and bars M and N in the 
latter. 

Diagram D also shows the method 
of indicating a dead coil while dia- 
gram E gives the method of show- 
ing a long-jumper connection, which 
was described in the preceding arti- 
cle on page 284 in the June issue. 


Fig. 3—Data forms that will give 
the winder exact information for 
locating the commutator, core, and 
coils with respect to each other. 


In diagrams A and B is shown a 
method of taking rewinding data 
using the center of the coll as a 
reference point in locating the slots 
holding the coil as well as the bars 
to which the leads of that coil are . 
connected. In C, D and E., this idea 
has been followed out more elab- 
orately. These diagrams will take 
care of cases in which the center 
line of the coil falls upon the center 
of a tooth or upon the center of a 
slot, as well as when the center of 
the coil falls on a bar or on the 
mica between two bars. C is for 
use with lap windings, while D and 
E are for use with wave windings. 


2 Circuit or wave winding 
4 Pole, 25 Slots, /25 Bars 
Coil pitch / & Lefthand 
A /& 63 
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Figs. 4 and 5 show another 
method of taking the rewinding 
data. The form used is quite elab- 
orate. Diagram A of Fig. 4 shows 
the data as taken for an armature 
having 39 slots and 195 commutator 
bars. In taking these data, a coil 
was selected and the bottom and top 
coil sides were located. The slot 
holding the bottom coil side was 
called slot 1 as shown in the diagram 
and counting from this coil side to 
the slot holding the top coil side, the 
latter slot was found to be slot 11. 
The slot in line with the center of 
the coil was found to be slot 6. The 
center line of slot 6 was found to 
line up with the mica between com- 
mutator bars 48 and 49 as shown in 
diagram A. The numbers of these 
commutator bars were found by tak- 
ing as bar 1 the bar to which the 
first lead of the bottom coil side in 
slot 1 was connected. Likewise the 
bar to which the corresponding lead 
of the top coil side was connected, 
was found to be bar 98. The com- 
mutator bars to which the leads of 
this winding unit are connected, are 
punch marked as shown in the dia- 
gram. To distinguish the bars to 
which the leads of the top coil side 
are connected, the group of bars to 
which these leads are connected are 
marked with an extra punch mark, 
as shown. Also the bars that are in 


29 Slots, 15 Bars 
Corl pitch 1&8 
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\ One dead cor! 
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CL. of CoilonCLof slot and 
on C. L. of Mica between Bars 


3/0+6 


C.L.of Coil on C.L.of Tooth 


of 
and on C. L. Mica 3 bars | 


One Piece Coil 


Laying off Windings 


l- The center line of starting coil is 
on certter line of armature slot 6 
and on center line of mica between 


Laying of f Windings 
1- The center line of starting coil is 
on center line of tooth between 
slots.4 and 5 and on center line of 


Winding Data 


Number of armature slots, 39 
Number of commutator bars, 195 
Coils lie in slots land 1! 


Winding Data 
Number of armature slots. 30 
Number of commutator bars, il9 
Coils lie in slots land 8 


mica between bars 3land 32 

PEt alles: oe PER Leads connect to bars land 98 2- Starting at bar 3! count back Leads connect to bars land 60 

leloekin) Tobari and rea i Commutator center-punched on end (clockwise) to bar land inthis bar ommige center-punched 
ace 

pacs coa i from bottom leads of ss Locates top leads from : ie ads of starting aoe “8 1 top leads of 

3- Count from bar! forward - Starting at bar i court starting coi 
clockwise) to bar 98 and pie Te Leartes bot fom ease inom (Counter clockwise) to bar 60 end i 9 F 
eee from top lead of Locates storing coil in slots active colt tee 5 Locates starting coil i 
starting coil anali 9 peA his coil} from the top leads rie restoring coil in 


A 


Fig. 4—This method of taking data 
gives the winder a true picture of 
the coil in the slots, showing the 
relationship existing between core, 
coil and commutator. 


With this method of recording the 
data four cases arise. One is where 
the center line of the coil falls on 
the center of a slot and also on the 
mica between two commutator bars, 
as shown in diagram A. Another 
is when the center line of the coil 
falls on the center of a tooth and 
on the mica between two bars, as 
shown in diagram B. The other 
two cases are illustrated in A and 
B of Fig. 5. In diagram A is shown 
a winding unit having five coils. 
The one shown at B has four coils, 
one of which is a dead coil. 


line with slots 1 and 11 are punch 
marked so that the starting coil slots 
will be located with reference to the 
commutator. These punch marks 


C. L. of Coil on C. I. of 
Tooth and on C. I. of bar 


Laying off Windings 
~The center line of starting coil 

is on center line of tooth, between 
slots 6 and 7 and on center line 
of commutator bar 86 

2 - Starting at bar 66 count back (clockwise) 
to bar |, and in this bar place lead 
I from bottom leads of starting coil 

3-Count from bar! forward (counter 
clockwise) to bar lob. and in this 
bar place lead | from top leads of 
starting coil 


A 


Number of ar mor ture slots, 47 

Number of commutator bars, 329 

Coils lie in slots t and 12 

Leads connect to bars land 165 

Commutator center punched on end 
sotemlocates top leads from starting coil 
ssel ocates bottom leads from ang col 

*- Locates starting coil inslotsla 


eliminate the chance of getting a 
retrogressive winding in place of a 
progressive winding or vice versa. 
The procedure in laying off the 
winding from the data is given in 
the notes under the diagram. 

Four different types of blank 
forms are required if this method 
is used. One should be made up 
similar to A of Fig. 4, in which the 
center line of the coil falls upon the 
center line of a slot and also upon 
the mica between two bars. Another 
form would be required where the 
center line of the coil falls on a tooth 
and on the mica between two com- 
mutator bars. Such a form is shown 
in B of Fig. 4. A third form is re- 


quired where the center line of the 
coil falls on the center line of a tooth 
and on the center of a commutator 
bar. This form is illustrated in A 
of Fig. 5. A fourth form is required 
for the case in which the center line 
of the coil falls on the center of a 


Fig. 5—These two forms are used 
in connection with those shown in 
Fig. 4. 


When the center line of the coil 
falls on the center of a tooth and 
on a bar, the diagram shown at A 
is used. This diagram also shows 
the method of indicating a winding 
unit having seven, two-turn coils. 
If the center line of the coil falls on 
the center of a slot and a bar, the 
diagram shown at B is used. This 
diagram also illustrates the method 
of showing a special-throw, off-cen- 
ter coil. 


I. of Coil on CL. of Slot 
and on C. L of Commutator Bar 


Laying off Windings 

1— The center line of starting coil is on 
center line of armature slot 6, and center 
line of commutator bar 35 


2- Starti 


top lead of starting coil 


at bar 35,count back (clockwise) 
to bar l, and in this bar place lead | from 


3- Count from bar |, for ward (counter clockwise) °*"*" 
12 to bar 104, and in this bar place lead | 


Special-Throw, 
off Center Coil 


Looking on Top of Coil 


5432) 
Bottom leads 


Winding Data 
Number of armature slots, 4 
Number of commutator bars, 205 
Coils lie in slot | and slot 11 
Leads connect to bars land 104 
Commutator center punched onend 
Locates top leads from starting coil 
Locates bottom leads from starting coil 
* Locates starting coil in slots land II 


from bottom leads of starting coil 
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slot and upon ‘the center of a bar. 
Such a form is shown in B of 
Fig. 5. 

The method of indicating the loca- 
tion of a dead coil on these forms is 
shown in diagram B of Fig. 4. Like- 
wise the manner of indicating a 
half-idle bar is shown in A of Fig. 5. 
Diagrams A and B of Fig. 4 show 
windings having five and four coils 
per cell, respectively. Diagram A of 
Fig. 5 shows a winding having seven 
coils per cell. This winding uses a 
coil that has two turns and is of 
the type known as double loop roll; 
that is, the coil has one loop or roll 
in front and a double loop or cross- 
over at the rear diamond point. The 
double loop at the rear eliminates 
crossing the bottom leads over the 
coil side as the bottom leads are 
brought out on the bottom of the 
bottom half of the coil and the top 
leads are brought out at the top of 
the top half of the coil. 

Many of the larger, heavy-duty 
motors, particularly railway-type 
motors, use half coils. In Fig. 1 is 
shown a diagram for recording the 
data on windings using half-coils. 
Such a winding is shown in Fig. 2. 
In this particular winding it can be 
seen that each half-coil is made up 
of five straps that are insulated from 
each other and assembled as one 
winding unit. 

As can be seen from Figs. 1 and 2, 
there are two half-coils per slot, one 
in the bottom and one at the top. In 
Fig. 1, the top straps in a slot are 
designated by the letter C and the 
bottom straps in a slot by the letter 
E. Each strap is numbered from 
1 to 5. The inner circle in the dia- 
gram represents the commutator. 
The front end of the second strap in 
the bottom of slot B, that is, the E? 
strap, connects to commutator bar 84, 
while the third strap at the top of 
slot A, that is, strap C8, connects to 
commutator bar 1. The rear end of 
strap C3 is clipped to the rear end 
of strap E2. In other words, the two 
half-coils, C3 and E2, are clipped to- 
gether at the rear to make a whole 
coil. The lead pitch will then be 
seen to be 1l-and-84 as measured on 
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Likewise C4 connects to Es, C5 con- 
nects to E4, and C2 connects to EI. 
Thus we see that we “creep” or ad- 
vance one strap in going from slot 
B to slot A. The effect of “creeping” 
is somewhat the same as a split 
pitch. 

A jig is used in winding strap- 
wound armatures of this type. This 
jig is shown at the left of Fig. 2. It 
has as many slots cut in it as there 
are commutator bars, the slots being 
deep enough for two straps plus any 
fillers or spacers required, including 
a snug fit for the copper thickness 
used in the coil. The jig acts as a 
dummy commutator and lines up the 
rear end to receive the connecting 


Fig. 6—Here is a very elaborate 
method of recording the data for a 
winding using half-coils. 

The diagram at the left gives the 
coil pitch, lead pitch and lead throw 
as well as the relation existing be- 
tween the core, coil and commuta- 
tor. The lower right-hand diagram 
shows the three shapes of half-colls 
that are used. All of the 31 top 
half-coils are the same. Sixteen of 
the bottom half-coils are straight as 
shown in the diagram while 15 of 
them have a U-shaped bend at the 
commutator lead end so as to fit 
into the winding space available. 
The upper right-hand diagram gives 
the location of the straight and bent 
bottom coils at the commutator end. 
The inner circle of lines represents 
the bent coils, while the outer circle 
are lines represents the straight 
coils. 


L. of Coil on C. L. of Tooth 
L. of Bor on C. L. of Slot 


Comm. end 


Laying off Winding 
l- The center line of the starting coil is on 


center line of tooth between armature slots 


4and5 
2- The center line of commutator bar 4 ison 
center line of slot 
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clips. After all of the top and bot- 
tom coils are in place, the coil ends 
are trimmed off flush with the jig 
and a band is put over the coil ends 
near the jig to hold the coils in place 
while the jig is being removed and 
during the operation of applying and 
soldering the connectors. The jig is 
then removed and the clips are put 
on and soldered. The advantage in 
using the jig lies in the fact that the 
coils are evenly cut off and can he 
readily connected up. In addition, 
the armature is easier to balance and 
has a true line appearance when 
running. 

A more elaborate method of re- 
cording the data for a half-coil 
winding is shown in Fig. 6. In this 
case the center line of the coil falls 
upon the center of a tooth. Also, 
the center line of bar 4 falls on the 
center of slot 8. This locates the 
commutator with respect to the 
armature slots. The top lead throw, 
as can be seen from the diagram at 
the left and from the lower right- 
hand diagram, is very small—about 
one slot. Most of the lead throw is 
in the bottom leads. | 

This armature has three different 
shapes of half-coils. There are 31 
top half-coils that are all alike. 
There are also 31 bottom coils, 16 of 
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Diagram showing ends of straight 
and bent bottom coils at comm. end 


3- Starting at bar 4 count back (clockwise) to bar 
| and in this bar place lead | from top leads 
of starting coil : 
4- Count from bar | forward (Counter clockwise) 
to bar 76 and in this bar place lead | from 
bottom leads of starting coil ò 
Winding Data 
Number of armature slots 31 
88 of . 155 5432] 
oils lie in slots lan 
Leads connect to bars |to78 Bortom [eaa 
Commutator center punched on end 
Locates top leads of starting coil 
Locates bottom leads of starting coil 
Locates starting coil in slots and8 


the commutator. However, to give 
complete data on the lead pitch, we 
must give it as l-and-84, C3-E2, 
thereby indicating the “creeping” 
that takes place. The commutator 
bar directly under the center of slot 
A is bar 12; hence the top lead 
throw is said to be l-and-12. 

We have said that strap C3 1s 
connected at the rear to strap E2. 
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Leads on suspension side 


Position of Leads 
Comm.End 


eS Slots 
125 Bars 
Coil pitch 1&7 
Lead pitch 1&63 
Retrogressive 
Left hand coil 
Bottom lead throw /&17 
CL.Slot No.l on CL. Hr 


which are called bottom straight 
coils. This term is used to denote 
that the commutator lead ends leave 
the armature slot and go to the com- 
mutator necks without dipping or 
bending down and up. There are 
also 15 bent bottom coils. The term 
bent indicates that the commutator 
end of the coils drops below the 
straight bottom coil, as the bent coil 
leaves the slot, then bends up again 
as it enters the commutator neck. 
The reason for the two kinds of bot- 
tom coil sides lies in the long bot- 
tom lead throw and the small amount 
of winding room between the arma- 
ture core and the commutator, which 
requires the bottom leads to be put 
down in two layers. 

The upper right-hand diagram in 
Fig. 6 shows the slots in which the 
straight and bent coils fall. The 
inner circle represents the bent coils 
while the outer circle represents the 
straight coils. 

Inspection of the lower right-hand 
diagram of Fig. 6 will show that 
top lead 1 is connected at the rear 
of the armature to bottom lead 3; 
that is, there is a “creepage” of two 
straps. Likewise top leads 4 and 5 
connect at the rear to bottom leads 
2 and 3, respectively. The data in 
Fig. 6 also indicates that the wind- 
ing uses right-hand coils. 

Fig. 7 shows an extremely elabo- 
rate type of data sheet which gives 
the field connections, the brush posi- 
tion, the direction of rotation of the 
armature, and the polarity of the in- 


Fig. 7—This form gives all of the 
electrical connections in the motor. 


Not only are the complete armature 
data given and the winding shown 
for a series of two coils, but also 
all of the series fleld, interpole fleld, 
brush, and terminal connections are 
shown. The starting coil is taken 
as starting from bar 18. As can be 
seen a winding unit consisting of 
five coils per cell is used. I and O 
represent inside and outside termi- 
nals of the flelds. The inside termi- 
nal is the one nearest the air gap. 
N and S indicate the polarity of the 
field poles. A and A-A are the ter- 
minals for the armature circuit 
which, of course, includes the inter- 
pole field. and F-F are the ter- 
minals of the series fleld circuit. 


terpoles in relation to the polarity of 
the main field poles, as well as the 
layout of the armature winding. As 
can be seen, the first coil starts at 
commutator bar 18, goes to slot 19, 
through this slot to slot 13, and 
thence to commutator bar 80. The 
second coil starts at commutator bar 
80 and goes to slot 7, through slot 
7 to slot 1, and thence to commu- 
tator bar 17, one bar behind the 
starting point. Consequently, the 
winding is retrogressive. 

Inspection of slots 1 and 7 wilP 
show that the winding has five coils 
per cell. Notice that the winding is 
laid off from the center coil in the 
cell. Also note that commutator bar 
1 is taken as the bar which falls on 
the center line from slot 1. Com- 
mutator bar 3 falls over the center 
of the keyway. These data thus lo- 
cate the position of the core and 
commutator with respect to each 
other and to the keyway of the shaft. 

All of the connections of the series 
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and interpole fields are given. The 
polarity of each pole is indicated by 
N or S placed on each pole. 

The order in which the leads are 
brought outside of the frame is 


shown in the small diagram in the 


upper left-hand corner of Fig, 7. 
Careful study of this form of dia- 
gram will show that all of the elec- 
trical connections in the motor are 
given, as well as the electrical rela- 
tionship between the various parts. 
Succeeding articles in this series 
will take up in detail the methods 
used to obtain the winding data and 
will give rules for the guidance of 
the winder in taking these data. 


Making a Survey of 
the Power Load 


(Continued from page $15) 


motor and thus make it run at lead- 
ing power factor. 

The reactive kilovolt-amperes taken 
by the load shown at BO are equal 
to BF or 1,393 kva. This must be 
reduced by an amount that will 
bring the system power factor up to 
90 per cent as that is the power 
factor desired. Draw the 90 per 
cent power factor line, MO. MO in- 
tersects BF at C. Hence at the de- 
sired 90 per cent power factor the 
system will draw a reactive kva. 
equal to CF or 821 kva. The syn- 
chronous motor must therefore sup- 
ply a leading reactive kva. of BC or 
572 kva. as well as a true power of 
AB or 642 kw. Hence the capacity 
of the synchronous motor is repre- 
sented by AC and is equal to 860 
kva. It will operate at 74.6 per cent 
leading power factor. The system 
load is now represented by OC and 
scaling the graph we find it equal to 
1,888 kva., which is well within the 
2,000 kva. rating of the generators. 

A summary of the new conditions 
shows the following: 

(1) The load on the alternator 
is reduced 2,510—1,888—622 kva. 

(2) The load in kilowatts is re- 
duced by 1,728—1,700—28 kw. 

(3) The reactive kilovolt-amperes 
are reduced by 1,820—821—999 kva. 

(4) The power factor is increased 
from 68.8 to 90 per cent lagging. 

The change thus eliminated the 
necessity of an additional alternator 
with its prime mover, extra switch- 
ing equipment, cables and additional 
floor space, and thus decreased the 
cost of operation, and improved volt- 
age regulation and operation of each 
individual induction motor. 


338 


| | 

7 l 

Devoted to the Maintenance and Operation of 

» Electrical and Associated Mechanical Systems in Mills and Factories 


G. A. VAN BRUNT 
Managing Editor 


A. J. WHITCOMB 
Associate Editor 


D. H. BRAYMER 
Consulting Editor 


F. E. GOODING 
Associate Editor 


Chicago, July, 1925 


ELT trouble on im- 

portant drives, or any 
other interruptions to the 
operation of equipment, 
always seem to happen when 
the shop is busiest. It is, 
however, only natural that the belt should give way 
when it is called upon to perform its hardest service; 
it would hardly be expected to fail under light oper- 
ation or when the shop is shut down. 

One operating engineer solved this problem by decid- 
ing that instead of waiting until belts stop work be- 
cause they are dirty, dry, or need tightening, which 
is more his fault than the belt’s, he would, at least once 
à year, take them down when work was slack or the 
shop closed and clean them thoroughly, re-oil them and 
put them back into service with a newly cemented 
joint. Since this policy of annually going over all belts 
on important drives has been in practice, no group 
drive belt has failed in service. It takes time to do a 
good repair job, and time is mighty scarce when the 
men on a group of machines are idle because of a 
breakdown. 

The policy of avoiding difficulties instead of over- 


Why Wait for 


Belt Trouble 
to Happen? 


coming them, seldom, if ever, fails to pay big dividends. ° 


— 


OT SO very long ago a 
load survey was un- 
dertaken in a large indus- 
trial plant. One of the 


A Load Survey 


That Was Worth 
$10,000 a Year 


was quite startling and re- 
sulted in a saving of $10,000 a year. 

This plant was somewhat like Topsy—“ It just grew.“ 
In its earlier days, direct-current power was secured by 
the use of steam-driven generators. When the demand 
for power became too great for these machines, it was 
decided to get the additional power from the local 
central station. Accordingly, a 25-cycle motor-gener- 
ator set was installed to take care of this requirement. 
Five years later, due to plant extensions, a large amount 
of direct-current power was required at the other end 
of the plant, which is about half a mile away. The 
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conditions brought to light 


Vol.83, No.7 


cheapest way out was to put in another motor-generator 
set at this location. 

During this five-year period, however, the local util- 
ity had decided to curtail their 25-cycle service and 
push their 60-cycle supply; consequently, a 60-cycle, 
motor-generator set was installed at the new location. 

The load survey that was undertaken several years 
after the installation of the second motor-generator set 
brought to light the fact that this consumer was pay- 
ing a maximum demand charge for his 25-cycle power 
and another maximum demand charge on his 60-cycle 
power. This was because there were two separate and 
distinct services for this plant. The load survey also 
showed that the maximum demand on the 25-cycle 
power did not occur at the same time as the maximum 
demand on the 60-cycle power. It was estimated that 
there was sufficient diversity between these two de- 
mands to warrant replacing the 25-cycle motor with a 
60-cycle motor on one motor-generator set and obtain- 
ing all of the power from the 60-cycle supply. This 
was done. 

When the monthly bill came in from the power com- 
pany, it was found that the demand charge on the 
new 60-cycle service was scarcely larger than before, 
which meant a saving of practically all of the demand 
charge formerly made on the 25-cycle power. Of course, 
the energy charge billed against the company was 
equal to the sum of the old 25-cycle and the old 60-cycle 
energy charges. 

The saving in this case amounted to $10,000 a year. 
This investigation of diversity factor was decidedly 
worth while. On page 310 of this issue, Mr. Stafford 
gives the elements of a load survey and the methods 
of making one. If you are interested in cutting power 
costs in your plant, a perusal of this article will be 
well worth the time spent. 


— — 


HE use of equipment 

which is specially de- 
signed and built is often- 
times justified by the serv- 
ice conditions that must be 
met. Nevertheless, this is 
a question that should be considered very carefully 
before a decision is made to use other than standard 
equipment. There are several reasons for this. 

In the first place the cost of special equipment is 
necessarily high, as a good deal of engineering and de- 
signing work may be needed and the cost of this must 
be, at least in part, charged against a comparatively 
small number of units instead of spread over a large 
number of units in quantity production, as in the case 
of standard apparatus. In addition, much of the work 
may, in the absence of the proper jigs and fixtures, 
have to be done by hand, which means considerably 
reduced output; more supervision is required, and there 
is likely to be greater spoilage and wasting of material. 

Furthermore, although the equipment may have been 
designed with the utmost care there is always the 
chance that the searching test of service may reveal 
hidden defects or weaknesses that would probably not 
be present in standard equipment, whose design has 
been perfected through the experience gained in watch- 
ing the equipment under service conditions. 

The possible difficulty and expense of getting repairs 
made and obtaining spare parts is another matter that 


Make Conditions 


Justify the Use of 
Special Equipment 
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should be considered in connection with the use of 
equipment that is not standard. 

Special equipment has its place, but as a general 
proposition that place is not in any application where 
standard equipment can be used. 


— 


ARK TWAIN is ered- 
ited with the re- 
mark, Many people talk 
about the weather but they 
don't do anything about it.“ 
The same could probably 
be said of the material-handling problem in many indus- 
trial plants. In those plants where the cost of han- 
dling material is lumped under indirect labor costs, 
this item of expense is considered a nuisance but, when 
grouped this way comparatively little can be done about 
it, as usually many other items of expense are included. 
Material-handling problems will be but little under- 
stood until it is generally realized how extensive they 
are in industrial processes and also exactly what they 
cost. Some few years ago the chief engineer of a 
large midwestern foundry investigated and found that 
to produce one ton of miscellaneous castings of small 
size, averaging a few pounds each, required that 168 
tons of pig, scrap, flasks, debris, castings and other 
materials must be handled. Startling as this figure 
may seem his foundry was very well organized, and 
investigation showed that many other plants were han- 
dling almost twice as much material to get out the 
same amount of work. This was due to an excessive 
amount of unnecessary rehandling. 

The first step in any work of this sort is to find 
out exactly how many handlings are made and how 
much they cost, together with exactly how they are 
done. The next analysis is to determine how many 
of these handlings are unnecessary or can be combined 
with others. After that, it is merely a question of 
the most effective equipment for the work. These are 
steps which may be taken in practically any plant 
and will pay big dividends on the time spent in the 
investigation. Acareful investigation may show you how 
to do something much more effective than merely talk- 
ing about your material-handling problems. 


How Many Tons 


Do You Handle per 
Ton of Output? 


— 


RECENT incident in a 
large plant brings to 
mind a subject which ought 
to be well known, but is 
not always given the at- 
tention that it deserves. 

In one department of the plant mentioned, consider- 
able concern was felt because of the change in the life 
of the incandescent lamps that were being used. Care- 
ful investigation was made to see if these lamps were 
being subjected to unusual vibration or other abuse. 
It was found that 125 volts alternating current was 
being supplied to the lamps in question and that these 
lamps were rated at 115 ‘volts. Further investigation 
disclosed that 120-volt lamps had been requisitioned, 
but that the purchasing department had taken it upon 
themselves to change this to 115 volts, simply because 
there were no 120-volt lamps in stock at the supply 
house at the time the lamps were ordered. 

The evil effect of operating lamps on overvoltage 


Overvoltage on 


Lamps Means 


Short Life 
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ought to be well known. In this case, there was an 
overvoltage of 8.7 per cent which brought the average 
life per lamp down to 80 per cent of normal. Ordi- 
narily, 120-volt lamps were used on this supply, but 
even in this case the lamps are operating at 4.16 per 
cent overvoltage, which gives an average lamp life 
of about 56 per cent of normal. 
The average life of a standard Mazda multiple lamp 
is said to be 1,000 hr. When using 115-volt lamps, 
the plant mentioned was getting an average lamp life 
of only 300 hr. or 25 nights’ use of the lamps, whereas 
by using 125-volt lamps or reducing the lighting volt- 
age to 115 volts they could have expected 1,000 hr. or 
about three months’ life from their lamps. 

This incident should point out the value of making 
a survey of the voltage delivered at the lamp sockets 
in all parts of your plant and seeing that the proper 
lamps are used. This survey should be repeated at 
regular intervals, for load changes or other conditions 
may affect the voltage. 

Money saved on lamp renewals is just as good as 
money saved in any other way, and it doesn’t cost much 
to find out how much you can save. 


— <——_—_— 


NE of the problems 

confronting every me- 
dium-sized or large indus- 
trial plant is to determine 
how far the maintenance 
department should go in 
doing its repair work and what work is to be sent out 
to be done. Most industrial men have learned by experi- 
ence and careful comparison of costs that it usually 
pays to keep on hand a small stock of parts purchased 
from the manufacturer, such as bearings and other 
similar parts, which may be expected to wear out more 
or less frequently. 

The question of whether to rewind motors and make 
extensive repairs to such devices as commutators is 
often open to discussion. Usually, the decision de- 
pends upon the quantity of work to be done, the out- 
side agencies available and whether any of it is of 
an emergency nature. One plant with enough winding 
work to keep a man busy was not satisfied that it 
could do this work to the best advantage, and made a 
further analysis of its repair jobs. Here, as in most 
cases, the decision to do this work in the plant 
had been made because it was felt best to have a 


A Study of Your 


Repair Work May 
Save You Money 


repairman on hand for emergency work on special 


motors, such as those direct-connected to some machines 
for which no spare motors were available. An analysis 
of repair jobs showed that these emergency cases 
occurred only a few times a year and that they 
practically always meant overtime work for the winder. | 

Arrangements were made with a local repair shop 
to rush these special motors as emergency jobs and 
put as many men on the job as feasible. Ordinary 
repairs on motors for which spares are available 
are handled in the plant repair shop, according to the 
regular routine, which delivers the motor within a fixed 
period. This relieves the maintenance department of 
carrying considerable repair stock and also releases 
some floor space which is badly needed. Perhaps, it 
would pay other plants to make a similar analysis of 
equipment failures, to determine how the repair work 
can best be handled. 
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Who Can Answer 
These? 


Ball Ring for Gas Pump— Can some 
reader give me any suggestions on 
how to make a bull ring for the pis- 
ton of a gas pump having a cylinder 
diameter of 36.25 in.? In making the 
ring, what is the allowance in diam- 
eter to provide the necessary “spring” 
to hold the ring tight against the 
cylinder wall? Also. what is the best 
type of joint to make in the ring? 
Paulding, Ohio. l J. G. 


Use of Armored, Lead-Shenth Conductor 
Underground — Will some of the read- 
ers of INDUSTRIAL ENGINEER please give 
me their experience with the use of 
2,500-volt, lead-encased, steel- wound 
wire such as is put out by some of the 
large manufacturers and intended to 
be used underground, and not pro- 
tected by conduit? 

San Diego, Calif. W. P. B. 


e e $ $ 


Method of Cleaning Motor Winding— 
What is the best method of cleaning 
motors that are oil-soaked and dirty? 
Can they be washed in gasoline and 
baked out in a bake oven to any ad- 
vantage? What is the best method of 
handling the gasoline? Should the 
armatures be dipped in a trough con- 
taining gasoline, or should they be 
wiped with a gasoline-soaked rag? I 
would greatly appreciate hearing of 
any other methods used by readers 
for cleaning oil-soaked windings, as 
well as the results obtained by using 
gasoline for cleaning. 

Chicago, III. R. W. A. 


* $ 8 e 


Mounting Motors on Celling—In order to 
get more free floor space we are plan- 
ning on mounting the motors on the 
ceiling, above the machines and line- 
shafts which they drive. I should like 
to have the experiences of other read- 
ers on the following points: (1) The 
best method of attaching motors to 
concrete ceilings. (2) What is the best 
and simplest method of raising and 
holding motors up until they can be 
attached? (3) Is there likely to be any 
more trouble with motors so mounted, 
than when they are placed on the 


floor? 
St. Louis, Mo. E. H. G. 


. e $ e 


Method of Removing Cores from Fan 
Motora—W ill some reader tell me the 
best method and equipment to use for 
removing the cores from 10-in., 12-in., 
and 16-in. Westinghouse fan motors? 
I find it necessary to remove these 
cores from the drawn steel housing 
that encloses the motor so as to be 
able to make repairs on the connecting 
wires, which usually burn off very 
close to the housing. This connection 
cannot be made on the outside. These 
field cores fit so closely that it is al- 
most impossible to remove them with- 
out injury to the windings with all 
the methods that I have rrea so far. 
Madisonville, Ky. . F. L. 


question that you can 
answer from your ex- 
perience. 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
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What Causes These Brushes to Chatter? 


—I have a three-phase, 440-volt.70 hp., 
slip-ring motor which is giving trouble 
from chattering of the brushes. Every- 
thing that I know of has been tried 
to prevent this. but without success. 
The brushes will stop chattering im- 
mediately after the slip rings are 
sanded slightly while the machine is 
in operation. But after several hours 
they begin to chatter again. I shall 
appreciate it very much if some of the 
readers of INDUSTRIAL ENGINEER will tell 
me how I can overcome this trouble. 

Los Angeles, Calif. F. B 


Emergency Excitation for Generator 
For exciting our generators we have 
one motor-driven exciter which is nor- 
mally in use. After the station has 
been completely shut down, we have 
one steam-turbine-driven exciter 
which is used for starting. Suppose 
that when we attempt to start up, the 
steam-driven exciter should break 
down. How could we excite our field? 
Could it be done by using several au- 
tomobile storage batteries in series? 
For exciting our generator at no load, 
we require 60 amp. at 65 velts and it 
would be necessary for this supply to 
be on for approximately 10 min. Would 
it be practicable to use eleven 6-volt 
storage batteries in series for supply- 
ing this excitation? If so. what ca- 
pacity should the storage batteries 
have? I shall appreciate any informa- 
tion that readers can give me on this 
problem 
Medicine Hat, Alta., Can. E. R. S. 


Answers Received 
To Questions Asked 


Rewinding 110-Volt Generator for 6 
Volta—I have a 110-volt, 0.25-kw.., 
2.000-r.p.m., shunt- wound generator 
and should like to know if it can be 
reconnected or rewound to give six 
or eight volts, for charging storage 
batteries. If so, will some reader 
please give me some information on 
the size of wire to use, number of 
turns and so on? 

Allentown. Pa. A. H. S. 


With reference to the question asked 
by A. H. S. in the May issue, he does 
not state the size of wire in the arma- 
ture or field or give any data regard- 
ing the commutator segments. The 
present output of the generator is 0.25 
kw. at 110 volts, which would be ap- 
proximately 186 watts, with a current 
of 1.7 amp. To change this over so 
that 6- to 8-volt storage batteries could 
be charged, would necessitate rewind- 
ing the armature and fields for 12 
volts. Assuming that the output would 
be the same as on 110 volts, the wire 
in the armature would have to carry 
approximately 15.5 amp. It is doubt- 
ful whether the commutator segments 
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would handle the current without giv- 
ing trouble. Also, the brushes and 
Sei holders would have to be remod- 
eled. 

A. H. S. can determine the present 
size of wire and count the number of 
turns in the field and the number of 
turns per armature slot. In rewind- 
ing the armature and field coils, de- 
crease the number of turns approxi- 
mately in the ratio to the decrease in 
voltage, that is, in the ratio of 110 
to 12. Also, increase in the size of 
wire so as to enable it to carry 15.5 
amp. 

This is a rough method, but with the 
data at hand this is all the informa- 
tion I can give. I might state, how- 
ever, that I do not think it practicable 
to change this machine over for the 
low operating voltage. 


Chief Electrician, WILLIAM B. CONE. 
Shevlin-Hixon Co., 
Bend, Ore. 


* ** * * 


Operating Motors in Parallel on Bridge 
Motion of Crane—Two series motors 
are used to drive the bridge motion of 
one of our cranes. Each motor drives 
one set of track wheels, so that the 
two motors are practically operating 
in parallel. They are controlled by 
two contactor panels operated from 
one master switch. With this combi- 
nation the armature burnouts were so 
frequent that it was decided to connect 
the armatures of the two motors in 
series and the fields in parallel. As 
we still had burnouts it was decided 
to connect the armatures and flelds all 
in series. This has eliminated a great 
deal of the trouble, but it reduces the 
speed of the bridge. 

I would like to know what is the 
cause of the trouble that I have been 
experiencing. Can some reader sug- 
gest a method of connection that will 
eliminate the trouble from burnouts 
and at the same time give normal 
speed on the motors? 

Indiana Harbor, Ind. A R D. 


With reference to A. R. D. 's question 
in the May issue, the two motors on 
the crane bridge might to great advan- 
tage be connected with the armature of 
each in series with the field of the 
other. This arrangement would bring 
the motor speed up to normal and also 
would make an equal division of the 
load between the two motors. It is un- 
derstood that one controller is now used 
for the two motors. If this is not the 
case, it is believed that such an ar- 
rangement should be made, as then each 
motor would be working under the 
same conditions at all times. The con- 
trol equipment and wiring on the 
bridge would be reduced almost 50 per 
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cent by using only one controller. Like- 
wise, the expense for spare parts for 
the controller would be reduced in the 
same proportion, while the probable 
time lost by the crane due to electrical 
trouble with the bridge equipment 
would be reduced by more than 50 per 


cent. D. W. BLAKESLEE. 
Electrical Engineer, 

Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 


* * * * 


In answer to A. R. D. in the May 
issue, I would say that his second 
method of connecting the two motors in 
parallel is correct. I would suggest that 
he check up on the control, and check 
the fields for roasted coils, partial 
shorts, and polarity. Then if the mo- 
tors appear to be all right, make am- 
meter tests on both motors to see 
whether or not the motors are over- 
loaded. Also, make sure that the crane 
is in good condition mechanically. 

We recently had a series motor on 
the trolley of one of our large cranes 
which gave us considerable trouble. 
The armature drew an abnormally 
large amount of current, sparked badly 
at the brushes, and finally burned out 
the armature. On taking the motor 
apart, we found that it had been run- 
ning for some time with some of the 
poles having incorrett polarity. 

Detroit, Mich. A. J. CONWAY. 
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Polarity of Transformer — After reading 
the article on Checking and Testing 
Transformer Connections” on page 560 
of the December, 1924, issue of IN DUs- 
TRIAL ENGINEER, I am somewhat con- 


High tension 


„ 


— — 


Low fension 


fused as to the relationship between 
the primary and secondary voltages for 
transformers of different polarities. 
Assume a transformer having primary 
and secondary voltages in the winding 
as shown by the arrows in the dia- 
gram. Can some reader tell me 
whether this transformer has additive 
or subtractive polarity, and why? 

Chicago, III. G A 


In reply to the first part of the 
question asked by G. A. V. in a recent 
issue, the whole trouble and misunder- 
standing are due to the fact that not 
enough attention has been given to the 
terminal markings of the diagram and 
too much attention and weight have 
been given to the arrows without un- 
derstanding what they mean. In fact, 
it might be better to eliminate the ar- 
rows entirely as they seem to be the 
cause of all the misunderstanding re- 
garding the polarity. 

Disregard the arrows for the moment 
and you will see that Figs. 1 and 2 on 
page 561 of INDUSTRIAL ENGINEER, 
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and which are shown in the accom- 
panying diagrams, are correctly 
marked for subtractive polarity and ad- 
ditive polarity, respectively, in accord- 
ance with the definition of polarity as 
given in Electric Power Club rule 9077 
and in accordance with rules 5407, 5411 
and 5412. The latter three rules cover 
the marking of the leads. 

Rule 5412 states that the numbering 
of leads shal] be so applied that when 
H, and X, are connected together, and 


220 Vo/ts A.C. 220 Volts A.C. 


Xx, X? 
Subtræactive 
polarity 


FIG. 1 


Methods of testing transformers 
for polarity. 

In Fig. 1 two adjacent high-and 
low-tension terminals, H, and X, 
are connected together and a volt- 
meter is connected to the other two 
adjacent terminals, Hz and X2 The 
220-volt, alternating-current power 
is applied to the high-tension wind- 
ing as shown. If the voltage meas- 
ured on the voltmeter is less than 
the voltage applied to the high- 
tension winding the transformer 
has subtractive polarity, as shown 
in Fig. 1. If the voltage reading is 
greater than the supply voltage, the 
transformer has additive polarity, 
as shown in Fig. 2 


voltage applied to the transformer, the 
voltage between the highest numbered 
H lead and the highest numbered X 
lead shall be less than the voltage of 
the full high-voltage winding. From 
this it will be seen that the voltmeter 
in Fig. 1 must read less than the volt- 
age of the highest voltage winding. 
By the definition given in rule 9077, 
this makes the transformer have sub- 
tractive polarity. For the same rea- 
son, the voltmeter in Fig. 2 must read 
more than the voltage in the high-volt- 
age winding, making its polarity addi- 
tive. These requirements for additive 
and substractive polarity are not af- 
fected by any arbitrary use of unde- 
fined arrows. 

If arrows are used at all, they should, 
to be consistent, have the same mean- 
ing in both primary and secondary 
windings. In other words, they should 
both point either from or toward the 
highest numbered lead in both cases 
and this condition will be fulfilled if 
the arrows are assumed to represent 
induced voltages in both windings. 
This will not only prove consistent with 
the rules already mentioned for the 
numbering of the leads, but will also 
make the voltages in the case of in- 
terconnection between the two wind- 
ings, add or subtract according to the 
arrows. 

The arrows cannot represent induced 
voltage in the secondary and impressed 
voltage in the primary with the lead 
markings as shown. 

Referring now to the latter part of 
the question asked by G. A. V., it is 
impossible to answer this as it stands, 
although the arrows are said to repre- 
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sent primary and secondary voltages. 
The question does not state whether 
these arrows represent induced or im- 
pressed voltages, nor does the diagram 
give any terminal markings. The dia- 
gram therefore, can be said to repre- 
sent additive or subtractive polarity, 
depending upon what primary or sec- 
ondary voltages the arrows are sup- 
posed to represent, or what terminal 
markings are given to the leads. 

If arrows are to be used in the dia- 
gram, it is better to have them repre- 
sent induced voltages in both the pri- 
mary and secondary windings. This 
produces perfectly consistent diagrams 
in that both the direction of the ar- 
rows and the markings of the leads 
will agree. However, as I have stated 
before, it might be simpler to eliminate 
the arrows altogether and use just the 


terminal markings. S. N. CLARKSON. 
sxecutive Secretary, 

he Electric Power Club, 
Cleveland, Ohio. 


* * * * 


In reply to the question asked by 
G. A. V. in a recent issue the trans- 
former has subtractive polarity if the 
high-tension voltage as shown in the 
diagram is the impressed or line volt- 
age, and if the low-tension voltage is 
the induced voltage. On the other hand, 
if both arrows are taken as indicating 
induced voltages, then the polarity of 
the transformer is additive. 

To make this clear I am showing the 
relation between the impressed or line 
voltage and the induced voltage, in the 
accompanying diagram. We know that 
when voltage is impressed on any coil, 
there is an induced or counter-voltage 
in opposition to the impressed voltage. 


Impressed 
voltage 


volfa ge or 


Relation between impressed and 
induced voltages. 


The voltage impressed on the pri- 
mary of the transformer causes a 
current to flow which generates a 
flux. This flux acts on both the 
primary and secondary windings 
and induces a voltage that is op- 
posed to the impressed voltage. 


This induced or counter-voltage is the 
same in both windings, since both wind- 
ings enclose the same magnetic field. 
We believe that a good bit of the con- 
fusion regarding the question of polar- 
ity is due to the terms, impressed and 
induced voltage. When these are sepa- 
rated or specified the solution becomes 


simple. J. B.. HODTUM. 
Western District Office, 
Pittsburgh Transformer Co., 
Chicago, Ill. 
x ᷣ 1 k k 


Answering the question by G. A. V. 
in a recent issue, the transformer 
shown in his sketch has subtractive po- 
larity if the arrows are taken as rep- 
resenting the instantaneous direction 
of current in the primary and second- 
ary windings. Granting that the arrow 
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on the primary winding indicates the 
direction of the impressed current and 
likewise the direction of the impressed 
voltage, then the arrew on the second- 
ary winding would show the direction 
of the induced current and induced volt- 
age. In the case shown in G. A. V.’s 
diagram, these arrows are opposed to 
each other; consequently, if the left- 
hand, high-tension and _ low-tension 
leads be connected together and a volt- 
meter connected across the right-hand, 
low-tension and high-tension leads, and 
at the same time the high-tension wind- 
ing be excited, the voltmeter will read 
the difference in the two voltages and 
since this would be less than the value 
of the impressed primary voltage, the 
transformer would have subtractive po- 


larity. ERNEST DICKINSON. 
Kimberley, B. C., Can. 
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In the question asked by G. A. V. is 
shown a diagram indicating a trans- 
former having additive polarity. The 
usual method for testing this is very 
clearly indicated in Mr. Staubitz’s ex- 
cellent article in the December issue 
of INDUSTRIAL ENGINEER, where he ex- 
plains the diagrams on page 561. Ad- 
ditional explanation going further into 
the details of what actually happens 
in the transformer winding may also 
be helpful. 

In an alternating-current circuit, the 
voltage is zero at one instant, then in- 
creases to full value in the positive 
direction, reverses and falls to zero, in- 
creases in the negative direction and 
then falls to zero again. There are 
60 of these complete cycles per second 
in a 60-cycle circuit. Whenever the 
voltage increases in one direction or 
the other, lines of magneto-motive force 
are caused to increase in the iron of 
the transformer. These lines of force are 
not only enclosed by the primary coil, 
but also by the secondary coil and there- 
fore an induced voltage is produced in 
the turns of both windings and both 
will be in the same direction at the 
same time. Since the voltage is con- 
stantly changing in this manner, we 
will consider the conditions existing in 
the transformers at one particular in- 
stant. 

Assume that at a certain instant, 
voltage is impressed in the primary of 
a transformer. This causes a mag- 
netic flux in the transformer iron as 
indicated by the dotted-line arrows in 
the iron of the transformers in the 
accompanying diagrams, A, B, C, 
and D. 

It should be noted that the voltage ar- 
rows which represent induced voltages 
in the windings will all take the same 
direction because the voltagés in both 
the primary and secondary windings 
are induced by the same flux. This 
holds good: whether the secondary is 
wound counter-clockwise as in trans- 
formers A and B, or clockwise as in 
transformers C and D. An inspection 
of the method of winding these 
transformers will indicate that this 
does not affect the polarity. The po- 
larity is determined entirely by the 
way in which the transformer leads 
are brought out of the transformer 
tanks. According to the A. I. E. E. 
standards “the polarity of a trans- 
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former is subtractive when H. and X; 
are adjacent, and additive when H. 
is located diagonally across from X..“ 

Furthermore, the rules state that 
“the H, lead should be brought out at 
the right-hand side of the case when 
facing the high-voltage side of the 
case.” Transformers A, B, C and D all 
have the H, lead so located. All of 
these transformers have the primary 
windings wound counter-clockwise. 
Transformer A has its secondary wind- 
ing also wound counter-clockwise and 
by making the voltmeter test as de- 
scribed in Mr. Staubitz’s article (that 
is, connecting two adjacent leads, say 
H, and X., and connecting a voltmeter 
across H, and X:), it will be seen that 
the polarity of this transformer is sub- 
tractive. Transformer B, however, is 
wound exactly the same way, but the 
secondary leads are crossed before 
bringing them out of the tank, so that 
connecting the same two adjacent leads 
we get H, and X: connected together 
and the voltmeter test shows this trans- 
former to have additive polarity. In 
order to make this transformer operate 
in parallel with transformer A, it is 
therefore necessary to cross the leads 
again, when connecting it in parallel 
with transformer A. Transformer C, 
although it has the secondary wound 
exactly opposite to transformer A, is 
made to have subtractive polarity the 
same as transformer A, by crossing 
the leads before bringing them out of 


the tank. Transformer D has its sec-_ 


ondary wound exactly the same as 
transformer C, but because the leads 
were not crossed before bringing them 
out of the tank, it will be necessary 
to reverse them afterwards in order to 
have this transformer operate in paral- 
lel with the other three transformers. 
However, since the polarity of a trans- 
former is determined entirely by the 
way the leads are brought out, its 
polarity is opposite to that of C. 


These transformers are correctly 
connected for parallel operation, 
although they are of different 
polarities caused either by the 
primary and secondary windings 
being wound in opposite directions 
or by crossing the secondary leads 
within the transformer case. 


Primary — High voltage (Impressed) 


Se condary -Lew voltage 


Sub tractive Additive 
pola rity polarity 


A B 
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If the leads on any one of the four 
transformers shown were arranged so 
that its X. lead was connected to the 
same bus as the X: leads of the other 
transformers, and its X: lead connected 
to the same bus as the X, leads of 
the other transformers, there would be 
a surge of current through the second- 
ary windings which would cause fuses 
to blow or circuit breakers to open. 


ROGER F. EMERSON. 
Industrial Engineering Dept., 
General Electric Co., 
Schenectady, N. Y 


* * * * 


In reply to the question asked by 

A. V. in a recent issue, I would say 
that the polarity of the transformer 
shown in the diagram is additive. I 
would refer you to the definition of 
polarity given by the American Insti- 
tute of Electrical Engineers, which is 
as follows: 

“If the primary and secondary wind- 
ings have a relation such that the two 
leads nearest each other can be joined 
together and the voltage across the two 
windings is greater than the voltage 
of the high-tension winding, then the 
polarity is additive or increasing. If 
less, the polarity is subtractive or de- 


creasing.” THOS. M. HUNTER. 
American Transformer Co., 
Newark, N. J. 


* $ $ $ 


In reply to the question asked by 
G. A. V. in a recent issue, I would 
say that a transformer having the 
characteristics as outlined in his dia- 
gram has additive polarity. A trans- 
former having subtractive polarity has 
its secondary so connected that the in- 
duced current opposes or bucks the 
current of the primary. In other 
words, the currents act against each 
other in the same way that two streams 
of water would should they be turned 
against each other. When the trans- 
former has additive polarity the two 
currents work together. 

Riverside, Cal. PHIL D. COMER. 


* * * * 


With reference to the question asked 
by G. A. V. I think that the following 
discussion will solve his problem. 

In Fig. 1 of the accompanying dia- 


uns former case, 


Additive 
polarity 


Subtractive 
Hoa rity 


C -` D 
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gram, the high-voltage and low-voltage 
sides of the transformer are wound in 
the same direction, assuming that H. 
and X, are the starting points. 

In order to prevent confusion it is 
advisable to neglect current and think 
only in terms of induced voltages. 
Since the same flux induces both the 
high and low induced voltages, they 
must be in the same direction in each 
turn. However, whether they wil] ap- 


1 He He He 


Figs. 1 and 2—Polarity is the rel- 
ative direction of the induced volt- 
age from H, to H, as compared 
with that from X, to X.. 


When the induced voltages of the 
high- and low-voltage sides are in 
the same direction, as in Fig. 1, the 
polarity is subtractive and when 
the induced voltages are in oppo- 
site directions, as in Fig. 2, the 
polarity is additive. 


pear in the same or opposite directions 
as viewed from the terminals depends 
upon the relative direction of the wind- 
ing. Thus, in Fig. 1, voltages H. H. 
and X.X: are in the same direction and 
in Fig. 2 voltages H. H: and X. Xi are in 
opposite directions. If we take the or- 
der of lettering to indicate the direc- 
tion of the induced voltage, then in Fig. 
1 voltages H. H: and X. X. are in the 
same direction and in Fig. 2 voltages 
H. H: and X. X. are in opposite direc- 
tions. * 

Referring to the tank sketches at the 
top of Figs. 1 and 2, polarity is the 
relative direction of induced voltage 
from H, to H, as compared with that 
from X, to X:. When the induced volt - 
ages of the high- and low-voltage sides 
are in the same direction, as shown in 
Fig. 1, the polarity is subtractive and 
when the induced voltages are in the 
opposite directions, as shown in Fig. 2, 
the polarity is additive. 

M. F. MITSCHRICH. 


Moloney Electric Co., 
St. Louis, Mo. 
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In reply to the query of G. A. V. 
in a recent issue, I find the following 
a very easy way to remember the rela- 
tive polarity of transformers. My 
method is to follow the polarity arrows 
on both the primary and secondary 
sides right through. If they help each 
other (add to each other) the trans- 
former is of additive polarity. In other 
words, in the diagram given by G. A. V., 
if he will start at the left-hand 
side of the high-tension winding and 
follow through the winding in the di- 
rection of the arrow and then go down 
to the adjacent low-tension side at the 
right and go through this winding, he 
will find that he will have traveled 
through both windings in the same di- 
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rection as the arrows indicated. On 
the other hand, however, if one of the 
arrows is opposed to this direction of 
travel, then the transformer is thought 
of as being subtractive. This is a very 
easy way to remember the polarity. 

EDWIN W. LINDOP. 
Service Department, 


General Electric Co., 
Los Angeles, Cal. 


* s 8 ** 


Using Vacuum Pump as Air Com- 
pressor—I nave a Wahl vacuum pump 
size 4 in. by 2% in., with %-in. inlet 
and bar er which I wish to use as an 
air compressor. The pressure in the 
air tank need not go over 125 lb. per 
sq. in. Will someone please tell me. 
(1) What size motor would be required 
to drive this pump at 275 r.p.m. (2) 
Will it be necessary to make provision 
for cooling this pump artificially, by 
means of air fins or water, in order 
to keep the temperature down to a 
safe limit? ( 3) How do you figure the 
cubic inches of air compressed per 
stroke? 

Dallas, Tex. R. E. L. 


In the May issue are answers by 
R. A. Kiefer and E. H. Laabs to a ques- 
tion by R. E. L. on the practicability 
of using a 4-in. by 2½ -in. vacuum 
pump as an air compressor to work 
under a pressure of 125 Ib. per sq. in. 
Mr. Kiefer condemns the idea because, 
he thinks, the cylinder is not strong 
enough to stand a pressure of 125 lb. 

The formula for the required thick- 
ness of a cylinder subjected to internal 
pressure is t- (Pd) - (2&8), in 
which t is the thickness of cylinder wall 
in inches, P the pressure per sq. in., 
d is the bore of the cylinder in inches 


and S the working strength of the ma- 


terial. 

In the case that was under discussion, 
with P=125 lb., d=4 in., and S (cast- 
iron) 2,500 Ib., the required thick- 
ness is t= (125 44) - (2K 2,500) =0.1 
in. Surely, the cylinder wall is 0.1 in. 
in thickness! Because of practical con- 
siderations, the thickness of the wall 
of the cylinder of R. E. L. s vacuum 
pump is probably not less than 0.5 in.; 
so it would seem that strength is not 
an important consideration. 

In figuring the capacity of the com- 
pressor, Mr. Laabs evidently assumes 
100 per cent volumetric efficiency. A 
compressor of the size under discus- 
sion would probably have a volumetric 
efficiency of about 75 per cent; so the 
capacity at 275 r.p.m. would be (as- 
suming a single-acting machine) 3.75 
cu. ft. free air per minute. 


Single-stage compression to 125 lb.. 


is not considered good practice because 
it is less efficient than two-stage com- 
pression and, worse still, produces a 
temperature that is destructive to lu- 
bricating oil. The adiabatic tempera- 
ture of air compressed to 125 lb. gage, 
is above 500 deg. F.; so any system 
of cooling that R. E. L. succeeds in 
applying to this compressor will prob- 
ably not prevent some trouble in main- 
taining lubrication. 

The reason for reducing the size of 
outlet from & in. to a in. or &. in. 
check-valve, as recommended by Mr. 
Laabs, is not clear. The only effect 
that this reduction would have would 
be a slight restriction to the flow of the 
air—and perhaps lower cost of valves 


and fittings 


Los Angeles, Cal. C. O. SANDSTROM. 
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Trouble With Rewound Automobile Gen- 
erators—I have been rewinding some 
automobile generators, but in spite of 
the fact that I always check up the 
old winding and make the new one as 
nearly like it as possible I sometimes 
have trouble in etting the proper 
amperage out of the generator 
voltage will be up to normal, six volts. 
but the charging rate is too low. I 
wish some reader who has had experi- 
ence in such work would give me some 
suggestions as to where the trouble 


may be. 
.Bathurst, N. B., Can. H. J. M. 


In answer to H. J. M.’s question in 
the March issue, I believe that his 
trouble is due to improper connection 
of the leads to the commutator. From 
his description it would appear that the 
leads have been dropped back too far, 
that is, dropped in the direction of 
rotation. All automobile generators are 
driven in the same direction as the en- 
gine turns and the third brush is ad- 
justed in the direction of rotation to 
increase the amperage or output. If 
the leads come to the commutator one 
bar ahead of the place where they were 
in the original winding, the output may 
be cut down. On the other hand, if 
they are put in the commutator one bar 
behind the original position, the output 
will be increased and the third brush 
must be moved opposite to the direction 
of rotation to cut down the output. 
Changing the third brush a fraction of 
an inch will sometimes change the 
charging rate 8 or 10 amp. 

It is also quite possible that 
H. J. M.’s trouble is due to weak field 
coils as these will keep the charging 
rate down, especially if they are old 
and oil-soaked. 
Albany, Ga. B. BELCHER. 
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Thickness of Mica Required for Slot In- 
sulation—Will some reader please 
tell me what thickness of mica 
should be used to replace one layer 
of 0.007- or 0.010-in. varnished cam- 
bric and one layer of 0.007- or 0.010- 
in. fishpaper for slot insulation? 

St. Louis, Mo. L. 

In answer to L. C. R. in the March 
issue, the thickness of any slot replace- 
ment insulation depends not only upon 
the dielectric strength of the insulation 
but upon the thickness of the original 
and of the replacement insulation. 
Naturally, less mica insulation will be 
required for a given dielectric equiva- 
lent than when varnished cambric and 
fishpaper are used, but if no more than 
the dielectric equivalent is used the coil 
will be loose in the slot and subject to 
vibration with ultimate breakdown. 

Authorities differ considerably on the 
dielectric strength of materials. For 
general reference, however, the follow- 
ing values may be used: 

Varnished cambric, 1,000 volts per 
mil. Fishpaper, 200 volts per mil. 

The dielectric strength of mica varies 
from 2,000 volts for 2- and 3-mil amber 
mica to 4,000 volts for ruby mica. 
West Allis, Wis. EDWARD JAMES. 


R W & * 


In answer to L. C. R.’s question in 
the March issue, he does not state what 
type of motor, that is, d. c. or a. c., or 
whether open or partly-closed slots are 
referred to. In the case of open slots, 
on either d. c. or a. c. machines, the 
following information may be of help 
to him. 

One thickness of 0.015-in. or 0.020- 
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in. molding mica (Westinghouse No. 
251 mica plate) can be cut the right 
width to suit the depth of the slot and 
a trough cut in a piece of hard wood 
which is the same width and depth as 
the slot and slightly longer than the 
core. Then cut a piece of wood the 
correct size to act as the male part 
of the mold, heat the mica plate and 
form it in the above mold, keeping it 
under pressure until cold. 

Or No. 240 cambric and mica can be 
used. This comes in sheets 25 in. by 
52 in. and is 0.013 in. thick. It can 
be cut and applied like fishpaper, etc. 

There is a grade of flexible mica, 
No. 237, that comes in sheets 24 in. by 
36 in. and 0.005 in., 0.010 in., 0.015 in., 
0.020 in. and xy in. thick. This mate- 
rial can be cut and applied cold like 
varnished cambric for coil cells, but for 
slot insulation a backing of fishpaper 
is required. I would suggest the fol- 
lowing: 0.010-in. flexible mica between 
two pieces of 0.004-in. fishpaper. This 
will give mechanical protection to both 
sides of the mica cell. 

For slot insulation to be applied to 
the coil, I would suggest one and one- 
half turns of 0.010-in., No. 237 flexible 
mica or one and one-half turns of 0.012- 
in. No. 232 mica and fishpaper. 
Wilkinsburg, Pa. A. C. ROE. 


* ** * * 


In answer to L. C. R. in the March 
issue, mica does not have sufficient me- 
chanical strength to be used alone for 
slot insulation. It can, however, be 
used with a fishpaper backing. Fish- 
paper and mica glued together so as to 
form one sheet may be purchased. The 
standard thickness of this material is 
0.012 in. 

If you cannot obtain fishpaper and 
mica in this form, use fishpaper of the 
same thickness that was originally used 
in the slot and mica which is equal in 
thickness to the varnished cambric. 
Boulder, Colo. RALPH MCKINNEY. 


* R * * 


In answer to L. C. R.’s question in 
the March issue, I would advise using 
all the available space that he will 
have in the slot after the removal of 
varnished cambric and fishpaper, for 
the mica. The additional thickness will 
enable the coils to stand the heat bet- 
ter and will also give a larger factor 
of safety in the winding. 

Fishpaper tests at about 200 volts 
per mil thickness. A 7-mil paper 
would, or should, when dry, stand about 
1,200 volts. This paper ordinarily has 
about 8 per cent moisture. If the mois- 
ture content is very high the paper is 
a very poor insulator. 

Varnished cambric should stand from 
500 to 1,000 volts per mil thickness, 
up to about 20 mils thickness. A 10- 
mil thickness of varnished cambric 
would, of course, stand a test of ap- 
proximately 5,000 volts. 

Amber mica tests about 2,000 volts 
per mil, and white or clear mica tests 
about 3,000 to 4,000 volts per mil thick- 
ness. Clear mica in its original state 
is not flexible enough to use for coil 
insulation. It can be cut to fit the 
slots for the side of the coil insulation, 


INDUSTRIAL ENGINEER 


and a strip cut for the bottom, the 
width of the slot. Mica cloth or some 
similar flexible material should be used 
to insulate the coils. Slot insulation 
can also be formed of molding mica. 
As slot insulation these materials 
could not be rated at such high voltage 
as the tests indicate. From L. C. R.’s 
question I judge that the voltage is 
220 or 440. Also the coils probably 
have some insulation, at least cot- 
ton tape which, when it is properly im- 
pregnated, will test about 1,000 volts 
per mil. 

The table given below for slot insu- 
lation thickness is found in Prof. Stills’ 
book “Principles of Electrical Design,” 
published by McGraw-Hill Book Co. 
This table is for one side of slot only. 
These figures also apply to the thick- 
ness of the insulation to use between 
upper and lower coils in slots. 


INSULA- 
TION, 
VOLTAGE INCHES 
D. c. machines up to 250 0.035 
500 0.045 
1,000 0.06 
1,500 0.075 
A. c. machines up to 1,500 0.075 
2,000 0.080 
4,000 0.120 
8,000 0.190 
12,000 0.270 


Birmingham, Ala. GRADY H. EMERSON. 


* * * * 


Connecting Commutator Lends of G. E. 
25-Cycle Desk Fan Armature⸗-— Will 
some reader please tell me the Sen- 
- eral layout of the coils and how the 
top and bottom leads are connected to 
the commutators of G. E., Type AOU, 
Form V2, 25-cycle desk fan arma- 
tures? I have rewound two different 
armatures without much success, for 
when the fan is connected across the 
line the armature rotates only very 
slowly, with the fan removed. 
Phoenix, Ariz. $ F. R. S. 


In the April issue F. R. S. asks for 
information on connecting a G. E. desk 
fan, Type AOU, form V2. 

The accompanying connection dia- 
gram shows the coil throw and commu- 
tator connections. I trust this will give 
F. R. S. the information he desires. 


Data Bureau, E. A. OTTO. 
Pittsfield Division, General Electric Co., 
Pittsfield, Mass. 


This diagram shows the coil throw 

and commutator connections of 

G. E., Type AOU, form V2 desk 
„fan armatures. 
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How to Use Megger for Testing Insula- 
tion of Motors—I wish some reader 
would give me a few suggestions on 
the proper method of using a megger 
for testing the insulation resistance of 
motors. I should also like to know 
what is considered a satisfactory read- 
ing when testing 110/550 volt, a. c. 
and d. c. motors ranging from 5 hp. 


to 50 hp. 
Latrobe, Pa. J. K. W. 


Answering J. K. W. in the March 
issue, the manufacturer of the megger 
can give the best and most reliable in- 
formation, but for general purposes, 
the following covers the necessary 
points to consider: In using a meg- 
ger, connect the terminal marked 
“earth” to the frame of the machine 
to be tested; the other terminal should 
be connected to the line or coils of 
which the insulation resistance is to be 
tested. Turn the crank as rapidly as 
possible, and take the reading on the 
scale while the megger is running at its 
highest speed, which will be just be- 
fore the clutch slips out. 

The following formula can be used to 
check the results of the test and de- 
termine the condition of the insulation: 
Insulation resistance in megohms=ma- 
chine voltage (rated kva.+-1,000). 

For example, a 2,200-volt motor rated 
at 1,500 kva. should have an insula- 
tion resistance of 880,000 ohms. 

The formula given above applies only 
to dry apparatus. Such high values 
are not attainable in oil immersed ap- 
paratus. It must be borme in mind 
that these values apply only at operat- 
ing temperatures. A motor measuring 
two megohms when cold will in gen- 
eral only show a fraction of a megohm 
at operating temperatures. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In reply to J. K. W. in the March 
issue, I would suggest that he, and 
any other readers who wish such in- 
formation, write to James G. Biddle, 
1211 Arch St., Philadelphia, Pa., whose 
advertisement appears on page 49 of 
the March issue of INDUSTRIAL ENGI- 
NEER, and ask for pocket manual 1060E 
which will give more information than 
it is possible to incorporate in a rea- 
sonable answer to this question. This 
booklet gives the A. I. E. E. and the 
Underwriters’ regulations. The manu- 
facturer of the motors can also fur- 
nish prints showing requirements for 
megger readings under various condi- 
tions. 

For the benefit of those who are not 
interested in the publication mentioned 
above, a reading under one megohm is 
considered unsatisfactory. Readings on 
cold machines of the rating specified in 
the question may vary from 1 to 5 
megohms. Temperature greatly affects 
the readings, the resistance decreasing 
with increase of temperature. When 
testing the machine should be “dead.” 
Connect one line to ground from the 
proper side of the megger, as marked, 
and the other line to the conductor or 
portion to be tested. The crank should 
be turned not in excess of 120 r.p.m. 
About 500 volts will be generated at 
this speed; if the crank is turned at a 
higher rate of speed the insulation may 
be punctured. A direct reading of in- 
sulation resistance is shown on scale. 

Tests can be made between phases 
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in the same manner by connecting lines 
from megger to phase leads. An im- 
portant point to note in testing ma- 
chines to ground is that lines from the 
machine may be the cause of poor read- 
ings. If doubt should arise in this 
matter the lines can be disconnected, 
the machines tested as units and the 
lines tested separately. 

As stated before, readers will find 
it highly advisable to procure pocket 
manual 1060E or a similar manual 
from the maker of their instrument. 
West Allis, Wis. EDWARD JAMES. 
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In reply to J. K. W. in the March 
issue, the insulation resistance of low- 
voltage, up to 600 volts, a. c. or d. c. 
motors, should be as much as 1 to 5 
megohms on a cold machine. When the 
machine ‘warms up the insulation re- 
sistance will be lowered. When test- 
ing 110- or 220-volt machines, it is 
best not to turn the crank of the meg- 
ger more than 120 r.p.m. 

When cold, the resistance of high- 
voltage machines is about 90 to 100 
megohms. One megohm is considered 
the limit of safe insulation resistance 
for low-voltage machines. 

The values given above apply to mo- 
tors up to 100-hp. rating. I hope that 
this information will be of some assist- 


ance to J. K. W. 
Chief Electrician, 
E. I. du Pont Co., 


H. . 
“newark, N. J CHARLTON 
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In answer to J. K. W. in the March 
issue, the megger should not be of too 
high range; a scale reading from 0 to 
200 megohms is ample. With this scale 
readings as low as 10,000 ohms may be 
obtained. The megger should be placed 
on a level, solid support. The line 
wires should be connected to the wind- 
ing to be tested and the ground or 
earth wire to the frame of the machine. 
These wires should be firmly fastened 
and not held in the hand. If the line 
wire is held in the hand, the reading 
will probably be the insulation resist- 
ance of the body to ground. If neces- 
sary, the wires may be supported by 
dry strings so that they will not touch 
each other, or any part of the machine 
except that to which they are attached. 

When using the megger, do not try 
to bring up the speed too rapidly, or 
you may damage the instrument. Turn 
the handle at such a rate that the 
clutch slips. Continue at this speed 
until you obtain a constant reading. 
This will require only a few seconds 
for small motors, but may take a min- 
ute or more for large generators, due 
to their capacity. A slight shock may 
be received if the wire is removed be- 
fore the generator in the megger has 
come to rest. 

Any reading over one megohm is 
usually considered satisfactory for 
motors operating under 600 volts. If 
the motor is dirty or damp, it should 
be thoroughly cleaned and dried. Then 
test it again and keep a record. The 
motor should be tested at regular in- 
tervals and when the test shows a much 
lower reading than was obtained when 
the motor was known to be in good con- 
dition, it should be overhauled at once. 
Boulder, Colo. RALPH MCKINNEY. 
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Rewinding Armature Inerensed Specd— 
I recently rewound the armature of 
a 100-hp., four-pole, shunt-wound, 
Northern motor and wish someone 
would tell me what is the matter with 
it. This armature had 110 bars and 
55 slots and was wave-wound, with 
one dead coil and one half-idle bar. 
The coil pitch was l-and-13 and the 
commutator pitch l-and-56. When we 
rewound it one bar was taken out, 
which left 109 bars and one dead coil. 
Iam not sure whether the commutator 
pitch was l-and-56 or l-and-55. When 
the armuture was put back in the 
motor it ran at about 1,600 r.p.m., the 
commutator got hot and the bands 
threw solder, although the controller 
was on only the third point. I exam- 
ined the field connections and took the 
voltage drop across each field coil; 
everything tested out OK. As a fur- 
ther check. a spare armature was put 
in this motor, and ran perfectly. Any 
Suggestions you can give will be very 


v elcome. 

Wisconsin Rapids, Wis. W. B. L. 

In answer to W. B. L.’s question in 
the April issue, I would suggest that 
he check up the span of his coils and 
see if he did not drop a slot. The com- 
mutator pitch on this armature should 
be 1-and-56. I know that in winding 
d. c. armatures if a slot is dropped in 
placing the coils in the armature, the 
motor will run up to or above normal 
speed on the first point of the rheostat. 
I recall one instance where one slot 
was dropped by mistake when rewind- 
ing the armature of a shunt-wound 
motor. When the motor was assembled, 
it ran above the speed given on the 
nameplate, when the controller was on 
the second point. The normal speed 
was 400-1,600 r.p.m., and the motor ran 
at 1,800 r.p.m on the second point. The 
field coils were checked for continuity 
and the pole pieces were removed to see 
that there was no rust or dirt under 
them. We finally wrote to the manu- 
facturer asking for data on this ma- 
chine and from his reply learned that 
the coils did not span enough slots. The 
armature was taken out and one side of 
the coils raised and spread to the next 
slot and the leads again laid down. 
After assembling this motor, it ran 
perfectly, showing clearly the cause of 
the trouble. 

I hope that this experience will be of 
some benefit to W. B. L. and other 
readers of INDUSTRIAL ENGINEER. 
Albany, Ga. B. BELCHER. 


* * * * 


In the April issue W. B. L. mentions 
the trouble which he has had with a 
100-hp, armature that was rewound. 
The fact that one bar was left out 
would, if anything, tend to help the 
commutator. He says that there are 
55 coils. The nearest correct span of 
coils would be l-and-14 instead of 1- 
and-13. A throw of 1-and-13 comes 
out 1-13-25-37-49. A throw of l-and-14 
comes out  1-14-27-40-53, which is 
nearer to 55 than is 49. Possibly an 
error was made when the armature was 
stripped. When an armature from a 
four-pole machine has 109 bars and 
connects on the half, it could be con- 
nected either l-and-55 or 1-and-56, the 
only difference being that a throw of 
l-and-55 would cause the armature to 
run in the opposite direction to what 
it would with a throw of l-and-56. A 
Northern motor is very sensitive to a 
slight shifting of the leads. 

If the armature had originally been 
wound with a throw of l-and-14 and 
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then changed to 1-and-18, this would 
naturally cause a difference in the set- 
ting of the rocker arm. We once 
changed the throw of an armature 
with 61 coils from 1-and-16 to 1-and-15. 
When the armature was put back in 
the motor the commutator and the 
winding got excessively hot after a few 
minutes’ running. The brushholder 
could not be shifted on this machine; 
so we had to connect the coils with a 
span of 1-and-16 again, after which the 
machine ran cool. 

A motor can, of course, be speeded up 
somewhat, usually about 100 r.p.m., by 


shifting the rocker arm. W. B. L. does 


not say how much faster than normal 
the armature turns and it might be well 
to check the setting of the brushes as 
a possible source of the trouble. 

Peoria, III. GEORGE D. RINGNESS. 


* * * **. 


With reference to W. B. L.'s ques- 
tion in the April issue, I believe that 
if he will carefully check his lead throw, 
he will find that the leads are not con- 
nected to the commutator at the proper 
place for the brush setting. I would 
suggest that he check this point up 
very carefully. 

The armature appears to be drawing 
an excessive current. From this cir- 
cumstance, it would appear that a mis- 
take may have also been made in the 
size of wire and number of turns used 
when rewinding this armature, and I 
believe it would be worth while to check 


up on this. 
Service Dept., M. V. MILLER. 


Westinghouse Electric & Mfg. Co., 
Indianapolis, Ind. 


* * * * 


When Should an Armature Be Scrapped 
Instend of Repuired?—I shall appre- 
ciate it if readers will give me their 
opinion on the following: If an arma- 
ture needs new coils, a new commu- 
tator and a new shaft, especially if 
it is of the type that has the lamina- 
tions stacked on the shaft, is a repair 
job, with only the laminations for a 
base, a profitable undertaking? Also, 
when should the core be junked and 
new laminations used? 

Chicago, 111. J. E. K. 

In the April issue, J. E. K. asked for 
opinions as to when an armature should 
be scrapped instead of repaired. In 
most repair shops the cost of re- insu- 
lating a commutator completely and re- 
winding the armature is from one-half 
to three-fourths the price of a new one. 
Since armatures are as good as new 
after rebuilding it is usually considered 
better to repair them than to buy new 
ones. 

If the armature core is on a spider, 
a new shaft can generally be put in at 
a cost not to exceed the price of a new 
armature. If the laminations are 
keyed onto the shaft it is generally bet- 
ter to buy a new armature. 

It must be remembered, of course, 
that there is usually considerable delay 
in obtaining a new armature from the 
factory, whereas one can be rebuilt in 
from two to ten days depending on the 
size and kind. If the iron in the core 
of an armature gets hot while the wind- 
ing does not, this is generally an indi- 
cation that there is an excessive 
amount of eddy currents, and the lami- 
nations should either be re-insulated or 
junked, preferably the latter. 

Peoria, III. GEORGE I). RINGNESS. 
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Building Maintenance 
and Plant Safety 
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The object of this department is to give detuils of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Gloves from Old Leather Used 
for Handling Brick 


CREW of yard men, who were 

inexperienced in handling brick, 
wore out several pairs of gloves before 
they learned how to make an efficient 
and cheap hand protector out of two 
pieces of leather, 10 in. by 6 in., with 
a wrist slot at one end and a finger 
strap riveted at the other. The hand 
is slipped through the slot until the 
fingers come under the strap. The 
stiffness of the leather holds the glove 
securely in place. 

When the brick must be thrown sev- 
eral at a time, from one man to 
another, such a protector makes for 
noticeably speedier handling and also 
helps to prevent sore hands. Old belts, 
which are not too stiff, can be used by 
separating the plies so that the leather 
is not so thick as to be too stiff to use. 
Boulder, Colo. HAROLD E. BENSON. 


Construction Details of Tunnel 
for Conduit and Pipe Lines 


T HAS become common practice to 
run in tunnels lighting, power, 

telephone and clock lines, as well as 
pipe lines for water, air, oil and steam. 
This simplifies the work considerably 
when it becomes necessary to repair 
leaks, replace old sections, install new 
lines and tap in new branches. The 
cross-section of a tunnel in one indus- 
trial plant is shown in the accompany- 
ing sketch. The inside dimensions are 
4 ft., 6 in. wide and 7 ft. high, which 
not only gives plenty of head room, 
but also allows ample elbow-room for 
workmen. 

The walls, top and bottom are of 
concrete 6 in. thick with the top only 
reinforced with %-in. reinforcing rods, 
spaced about 6 in. apart. The rods are 
bent near the ends, as shown in the 
sketch, so as to tie the top into the side 
walls. Also, 2-in. by 4-in. studs are set 
in the walls, flush with the inside, 
about every 4 ft., for attaching the 
cleats or hangers which are to carry 


the conduits and small-diameter pipe. 
These studs should be long enough to 
reach into the top and bottom slabs of 
the concrete, to hold them in place. The 
larger sizes of pipe are run along the 
bottom of the tunnel, and are sup- 
ported on suitable rollers to allow free 
movement due to expansion and con- 
traction. 

Manholes with suitable covers are 
located in the top of the tunnel about 
every 50 ft., so as to make the tunnel 
accessible at several points. The ends 
of the tunnel are fitted with doors 
through which the long lengths of pipe 
or conduit can be taken in or out. 
Wherever necessary, pipe conduits are 
set in the top of the tunnel through 
which the wiring and piping lead out 
into the various departments of the 
shop. The pipe lines in the tunnel 
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This tunnel for conduit and pipe 
lines gives ample head- and elbow- 
room. 
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should be fitted with a sufficient num- 
ber of tees to allow for possible future 
connections. The wiring can, of course, 
be tapped at any desired point. 

The upper surface of the top slab 
is shown as being 12 in. below the floor 
line. This allows ample room to install 
necessary supports, such as sleepers or 
I-beams, in case a track or driveway 
has to pass over the tunnel. 
Dorchester, Mass. D. FLIEGELMAN. 
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Advantages of Keeping Diaries 
on Maintenance Jobs 


HE editorial entitled “Job-Diaries 

on Maintenance Work,” on page 
491 of the October, 1924, issue was 
very interesting to us, as we have had 
such a system as this in operation for 
about five years. Previous to its in- 
stallation we found that some ques- 
tion would come up regarding a repair 
or maintenance job and it would be 
remembered that this same thing had 
been gone over before, but no one had 
saved the exact data on it. This hap- 
pened so many times that we realized a 
great deal of time and expense was 
being wasted in duplicating investiga- 
tion of the same sort of jobs. 

For instance, an order would be re- 
ceived by one of the engineering de- 
partments for certain work. The fore- 
man would look it over and then call 
upon the others interested for a con- 
sultation as to the best method of un- 
dertaking the job. As a result, from 
two to six men spent some time in going 
over the ground thoroughly. We found 
by experience that this same job would 
come up again and that it would be 
necessary to hold another consultation 
over it, as no one could remember the 
exact details. Eventually we decided 
to keep a rough summary of the method 
used for each job with a notation, 
when the job was completed, as to how 
it worked out. 

It is impossible to give definite fig- 
ures as to the savings in money which 
this plan has made, but we are more 
than satisfied that it was one of the 
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best systems ever started in our shop. 

We have found that our cost system 
helps us greatly in connection with this 
job record, as we can always turn up 
the cost card on any job and secure 
therefrom the itemized list of material 
used and the labor time. These, to- 
gether with the diary record, give us a 
very complete story of each job. 

This plan has worked out to ad- 
vantage in another way, and that is its 
value as a reference for estimating 
purposes. When used with the cost 
records it is invaluable for this pur- 
pose. We are often asked for an esti- 
mate on a certain job which we know 
we have done before and without any 
diary or record it would be necessary 
to make a very careful estimate of the 
cost. However, a look over the diary 
enables us to make sure that the jobs 
are the same; then, after consulting 
the cost records, we can easily give a 
very close estimate. 

I would suggest that anyone who is 
contemplating keeping a job diary, 
such as described, would do well to tie 
it in with their cost records in some 
suitable way. In our case this has been 
accomplished in a simple manner, as 
every job of work undertaken ‘is cov- 
ered by an order number assigned on a 
work order form. This order number 
is shown in the job diary and also on 
the cost records, and thus gives us an 


easy cross-reference. L. J. CLAYTON. 

Ass’t Mechanical Engineer, 

The Goodyear Tire and Rubber Co. of 
Canada, Ltd., 

Bowmanville, Ont., Can. 


Air Hoist Saves Floor Space in 


Steel Chip Disposal 


HE small portable compressed air 

hoist so frequently used for a vari- 
ety of jobs in metal mines and by con- 
tractors, may also be put to good serv- 
ice in any machine shop or manufactur- 
ing plant. The small space and light 
weight of these machines, combined 
with their relatively high power, and 
ease of control, render them adapted to 
numerous special purposes. 
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In the new Sullivan Machinery Co.’s 
plant at Michigan City, Ind., all manu- 
facturing is done on one floor, cover- 
ing about 200,000 sq. ft. The problem 
of disposing of the steel and cast-iron 
chips, turnings and borings of the ma- 
chines at once presented itself. The 
cast-iron turnings and borings were 
readily handled by providing small por- 
table bins or hoppers, equal to a car- 
load when filled. These are placed at 
convenient points, and their contents 
dumped, by means of a traveling over- 
head crane, into a freight car, which 
is run into the shop. 

Disposing of the steel chips, turn- 
ings and borings was a more difficult 
problem, for the reason that the steel 
scrap is more bulky, and the chips and 
turnings are very tenacious, so that 
they interlock when piled together, 
making it hard to separate them when 
the pile was to be loaded onto the car. 
The item of floor space, as well as ex- 
pense, precluded the use of a baling 
press. A platform outside the shop 
was considered, where the waste might 
be piled and handled into freight cars 
by using a self-propelling crane with 
clamshell bucket. However, this would 
be expensive to operate, and necessi- 
tate wheeling the chips a considerable 
distance. | 

As floor-space economy was a prime 
consideration, the scheme shown in the 
accompanying illustrations was finally 
adopted. This utilized the overhead 


Two views of the equipment for 
steel scrap disposal at the Sulli- 
van Machinery Company’s plant. 


Steel shavings are dumped from 
wheelbarrows into the skip which is 
lifted by an air hoist, as shown by 
the heavy dotted line at the left, 
and dumped, as shown at the right, 
into the top of this large steel bin, 
with sloping sides and bottom. This 
bin holds about a carload and is 
emptied into gondola cars on the 
track by opening a ate in the 
lower end of the bin. his gate is 
raised by a cylinder air hoist. This 
method of steel shavings disposal 
not only occupies a small amount 
of floor space but it has also de- 
creased the former cost of handling 
about 50 per cent. 
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space which had previously been of no 
value. With that idea in view, a steel 
bin was constructed at a point where 
it could be emptied into the freight car 
at one end of the building. This bin 
was made tapering on the bottom and 
smooth inside. Its capacity, roughly, 
equals that of a gondola freight car. 
The bottom slope is about 30 deg., so 
that the chips slide out of their own 
weight. The top of the bin is flat, and 
about 26 ft. above the floor level. At 
the discharge end, the bin is 14 ft. 
high by 10 ft. wide, and at the small 
end, 3 ft. high by 7 ft. wide by 25 ft. 
long over all. 

The dotted line on the illustration at 
the left shows the path of the elevator, 
which operates in vertical guides, and 
is provided with a hopper or tray with 
a capacity of a full wheelbarrow load 
of chips. The hopper is hoisted by 
means of a Sullivan, single-drum, tur- 
binair hoist mounted on top of the bin, 
as shown in the other illustration at 
the right. The drum holds 500 ft. of 
Win. wire rope and has a capacity of 
2,000 lb. on single line, direct, vertical 
lift provided by the 6 -hp. turbinair, 
helical-geared motor. The hoist is 
operated by a valve situated above the 
floor and bolted to one of the guides 
for the elevator. The wheelbarrow 
men dump their loads of chips on the 
elevator trays; then they open the valve 
and the load is raised and the tray 
or hopper automatically dumped at the 
top of the hoist by a trip, similar to 
those used in dumping mine skips or 
cages. These are lowered by gravity. 

When the bin is full, a car is run 
under the large end and a vertical door 
5 ft. high by 10 ft. wide is opened by 
means of an air-cylinder hoist, which is 
shown in horizontal position on the 
top of the bin in the foreground of the 
illustration at the right. This door 
operates like a tail gate on a wagon. 

This method of handling chips has 
saved about 500 sq. ft. of floor space 
and reduced the cost of handling about 


50 per cent. W. H. WINEMAN. 
Shop Superintendent, 

Sullivan Machinery Co., 

Michigan City, Ind. 
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Electrical Service 
Around the Works 
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Contact Device on 
Scale Beam Tells When Proper 
Load Is Obtained 


ARGE quantities of rough rock salt 
are shipped in gondola cars from 
the mines of the Avery Salt Mining 
Company at Avery Island, La. The 
cars are loaded by running them over 
a scale and then starting a motor, con- 
trolled by an Electric Controller and 
Manufacturing Company compensator, 
which drives a conveyor that dumps the 
salt directly into the car. 
amount of salt desired in each car, the 
operator first sets his scale beam to 
that amount and then takes his posi- 
tion at the loading chute. 

On the scale, but in a position that 
does not affect the accuracy of it, has 
been placed a very sensitive contactor 
as is shown in the accompanying illus- 
tration. As the scale beam rises to a 
balance, it closes this contactor and 
causes a horn to blow. The operator 
at once shuts off his conveyor motor 
through a push button switch which 
trips the compensator. 


This contact-making device is lo- 
cated adjacent to the end of the 
scale beam. 


When the scale balances, the beam 
hits the contact device which closes 
the circuit on the horn, thus sig- 
naling the operator that the proper 
load has been obtained. 


Knowing the 
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For this sec.ion ideas and practical methods devised 
to meet particular operating conditions are invited 
from readers. 


The items may refer to inspection, 


overhauling, testing or special installations. 


This device could also be used to op- 
erate the compensator directly and thus 
do away with the necessity of the oper- 
ator listening to the horn and then 
shutting off the motor himself. 


Comment on 
“Single-Phase Operation of 
Polyphase Motors” 


WAS much interested in reading 

W. L. Lodge’s comments in the June 
issue on the article “Single-Phase Oper- 
ation of Polyphase Motors,“ and be- 
lieve with him that it is almost impos- 
sible to blow only one fuse of the three 
protecting a three-phase motor, and 
thus cause the motor to operate single 
phase, providing that the fuses are ac- 
curately manufactured and correctly 
installed, and motor current is balanced. 

However, it is our experience that it 
is next to impossible to correctly in- 
stall the 30- and 60-amp. size, ferrule- 
type fuses, in either the 250- or 600- 
volt types, due to poor contact of the 
fuse in the fuse block clips, which 
point Mr. Lodge refers to in his Item 
No. 1 under “poor contact.” We have 
a great number of fuse blowouts and 
also burned cartridges in these sizes, 
in spite of the fact that fuses are not 
overloaded and are installed with ordi- 
nary accuracy, and believe it is due to 
the fact that the ferrule contact is not 
thoroughly satisfactory. A large pro- 
portion of them apparently heat enough 
from the start to draw the temper of 
the spring to some extent, resulting 
in poorer contact and more heating, 
which gets worse until the fuse blows, 
and finally the cartridge is burned. 

It is our opinion that the 30- and 60- 
amp. fuses should be made with a knife 
blade contact, the same as larger sizes, 
as we find no similar trouble with the 
latter. 

We would be glad to see some discus- 
sion from operating men and fuse 
manufacturers on this subject. 


Power Engineer, CHAS. C. COBB, JR. 
Walworth Mfg. Co., 
Kewanee, III. 


Broken Connection 
Cause of Peculiar Behavior of 


Three-Phase Motor 


ECENTLY a report was brought 

in to our plant that a 10-hp., 
three-phase motor driving a quarry 
drill would suddenly reverse its direc- 
tion of rotation without warning. As 
it was impossible to use the drill with 
the motor running the wrong way, the 
drill runner would stop the motor; 
when he started it again it would al- 
ways start the right way only, how- 
ever, to repeat the same performance 
in a short time. 

Some of the electricians and others 
to whom the report was made were 
frankly skeptical, while the wise ones 
openly scouted the possibility of such 
an occurrence. Upon investigation, we 
found, however, that the report was 
correct. 

The accompanying diagram of the 
connections to the starting compensator 


One of the motor leads was broken 
at A, causing the motor to run 
single phase. 

Under certain conditions, as ex- 


plained in the text, the motor would 
stall and the tveight of the drill bit 


would start it rotating in the oppo- 
site direction. 
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will help to explain the reason for this 
behavior. As shown at A, one of the 
motor leads was broken just above the 
terminal where it goes through the 
switch cylinder. As the lead was rather 
short it would make contact by touch- 
ing on the starting side only. When 
the switch cylinder was thrown to the 
running position the contact would be 
broken but the motor would keep on 
running, single phase. 

In these drills the drill bit is raised 
and lowered by an eccentric. So long 
as everything went all right the motor, 
although running single phase, was 
strong enough to keep the drill going. 
If, however, the drill bit happened to 
become wedged or caught in the hole, 
the motor would slow down and at 
times the weight of the drill bit would 
overcome the torque of the motor be- 
fore the bit had reached its highest 
point. The motor would then stop and 
as the bit is raised by an eccentric the 
weight would start the motor revolving 
in the opposite direction, and as it was 
running single phase it would keep on 
running until it was stopped by the 
drill runner. When again started by 
the compensator the motor would, of 
course, run in the proper direction. 

After the broken lead was repaired 
the motor settled down to the some- 
what more humdrum, but also more 
useful method of operation we have 
learned to expect from these faithful 
servants. J. H. GALLANT. 


Canada Cement Company, Ltd., 
Belleville, Ont., Can. 


Emergency Method of 
Operating Synchronous Motor 
Having Shorted Field Coil 


NE of the troubles that a syn- 

chronous motor may develop, is 
vibration. A machine that has run 
quietly and smoothly and then develops 
vibration, indicates either one of two 
things: misalignment of shaft and 
bearings, or electrical unbalance due to 
variation in the magnetic pull exerted 
by the field. It is advisable, first, to 
check the alignment by means of a 
level. If the foundations of the ma- 
chine have moved, binding will take 
place in the bearings, accompanied by 
an increased bearing temperature. If 
it is found that the bedplate is level, 
and that the rotating parts turn freely 
without excessive bearing temperature, 
it is necessary to look for electrical 
trouble in the rotating parts. 

The means employed to locate the 
trouble and later operate the machine 
under reduced load in a case where vi- 
bration was rather hard to locate, may 
be of interest. 

The usual checks that were made on 
the motor indicated that it was accur- 
ately lined up. Excessive vibration, 
however, occurred when the machine 
was started as an induction motor and 
the field current applied. Possibility 
of a short-circuited field coil was ap- 
parently discredited, as a voltmeter 
connected across the individual field 
coils indicated a uniform resistance for 
each coil. The machine was then 
brought up to speed, field applied, and 
vibration noticed; then the field was 
cut out, and the machine allowed to 
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coast, when the vibration immediately 
ceased. This seemed to indicate con- 
clusively that one of the field coils was 
short-circuited, even though the drop 
measured by the voltmeter indicated 
otherwise. 

Since a short-circuit between turns 
in one of the field coils evidently ex- 
isted when the machine was running, 
running conditions were approximated 
by compressing each coil by means of 
C clamps, the pressure exerted being 
approximately equal to the centrifugal 
force due to the speed of the machine. 
While the coil was compressed the 
voltage drop across it was measured. 
This test was unsuccessful inasmuch as 
it did not show any variation in voltage 
drop. 
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Slip rings” 


Vibration in this rotor was caused 
by a shorted field coil. 


Since the fleld coil was shorted only 
while the field was rotating, it was 
difficult to locate the defective coil. 
It was found by reconnecting the 
field coils as described in the ac- 
companying article and then operat- 
ing the machine to see whether the 
vibration ceased. 


As this was a six-pole machine, it 
was decided to disconnect the coils on 
two opposite poles and operate the 
machine with four salient poles and 
two consequent poles. In the accom- 
panying diagram, field coils 1 and 4 
were disconnected, leaving coils 2, 3, 5, 
and 6 connected in the field circuit. 
This connection made poles 2, 3, 5 and 6 
act as salient poles while poles 1 and 4 
became consequent poles. When the 
machine was operated with this ar- 
rangement, no improvement in vibra- 
tion was noted. 

Coils 3 and 6 were then disconnected 
and 1 and 4 re-connected. Upon start- 
ing the machine it was found that the 
vibration ceased. This indicated that 
either coil 3 or 6 was causing the 
trouble. To determine which one of 
these two coils was at fault, it was 
necessary to disconnect the even-num- 
bered coils, and operate the motor with 
the odd-numbered field coils; that is, 
coils 2, 4 and 6 were disconnected and 
the machine operated with coils 1, 3 
and 5. No vibration occurred on this 
test. This indicated that coil 6 must 
develop a short-circuit between turns 
when it was subjected to compression 
caused by the centrifugal force of rota- 
tion. 

It was necessary that this machine 
operate under reduced load while a new 
fleld coil was being obtained from the 
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manufacturer. For several weeks the 
machine was operated at 60 per cent of 
its rated load, with four salient and 
two consequent poles. The maximum 
load was, of course, determined by the 
permissible armature and field current, 
but it was found possible to carry this 
60 per cent load with a slight increase 
over the normal field current and some- 
what lower power factor on the motor. 

If the field coils are removed from 
the rotor, it is necessary that the pole 
pieces remain in the rotor in order to 
complete the magnetic circuit and 
maintain the same number of pairs of 
poles. 

The information gained on this job 
has enabled us to operate at reduced 
capacity a number of synchronous mo- 
tors having defective field coils, that 
would otherwise have been shut down 
until the new field coil was received. 

M. G. REEs. 


District Service Manager, 
Westinghouse Electric & Mfg. Co., 
Detroit, Mich. 


Effect of Full-Voltage Starting 
on Induction Motors 3 


HE effect of full-voltage starting 

on the windings of squirrel-cage 
induction motors was discussed by J. 
T. Rylander of the Westinghouse Elec- 
tric and Manufacturing Company at a 
recent convention of the American In- 
stitute of Electrical Engineers. His 
paper gives the results of experimental 
tests on starting squirrel-cage induc- 
tion motors on full rated voltage with 
a study of such starting in service and 
methods of bracing the end windings. 
The points of particular interest to 
readers of INDUTRIAL ENGINEER are 
abstracted in the following: 

It is well known that a heavy start- 
ing current is required when starting 
squirrel-cage induction motors with the 
customary autotransformer starter. 
When starting these motors by connect- 
ing them directly to the line a starting 
current that is even heavier is drawn 
from the line, which, in itself, is unde- 
sirable. However, on certain applica- 
tions it is desirable to have motors 
start from rest or at some reduced 
speed without the aid of an attendant 
when the power on the line fails and 
then comes on again. This is accom- 
plished by omitting the customary auto- 
starter and connecting the motor di- 
rectly to the line, thereby impressing 
on the winding full line voltage, instead 
of reduced voltages of 50, 65, or 80 per 
cent. i 

The effects of full-voltage starting 
were determined by special tests made 
on two motors. On these two motors it 
was found that there was either quiver- 
ing, vibration or displacement of the 
windings whenever one of the motors 
was started. The severity of the motion 


or displacement increased as a func- 


tion of the square of the voltage 
applied to the particular winding; that 
is, a 440-volt or 2,200-volt motor is no 
worse off than a 220-volt motor so far 
as the effect of full voltage alone is con- 
cerned, but 440 volts will produce four 
times as much coil displacement as 220 
volts on a particular winding, regard- 
less of the voltage rating. 

Starting motors on full voltage pro- 
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duces a severe stress for a short period, 
whereas the use of an autotransformer 
starter produces a less severe stress for 
a longer period than when starting 
with full voltage. The auto-starter may 
produce two severe shocks on the wind- 
ing in opposite directions. This is ac- 
counted for by the voltage, which is 
produced in the winding, being out of 
phase with the line voltage at the in- 
stant of changing from the lower-volt- 
age tap to the full-voltage tap of the 
auto-starter. 

Observations made on a number of 
machines that were subjected to full- 
voltage starting showed that when the 
effect on the windings is slight, nothing 
is seen with the eyes, but any quiver 
or vibration of the windings is felt 
with the hands without difficulty. Some 
of these windings not only vibrated but 
had a definite movement which lasted 
as long as the heavy starting current 
flowed through the windings. These 
movements of the windings were such 
as to separate the windings wherever 
the phases change and to cause the 
winding to move away from the rotor 
and toward the frame. When the vi- 
bration of the winding is severe, a dis- 
tinct hum is heard. 

Some machines which had been in 
service for years finally failed due to 
distortion of the windings. The cus- 
tomary auto-starter method of starting 
these machines had been used. Whether 
the cause of the distortion was due to 
the starting current or to some other 
disturbance, such as short-circuits on 
the line near the motor, was not 
known. These windings showed the 
following effects: 

(1) The windings had separated be- 
tween phases. 

(2) The windings had moved away 
from the rotor and toward the stator. 

(3) The top and bottom layers of 
coils had drawn together. 

The separation between phases and 
the movement toward the frame was 
also noticed on some of the windings 
that were observed while they were 
being started. 

The attraction and repulsion of the 
conductors on each other tends to move 
the conductors and is opposed by the 
mechanical fastenings which support 
the conductors. Many of the conduct- 
ors are secured by resting them against 
other conductors, which are secured by 
various means. As all armature con- 
ductors pass through the slots, the 
slots are an effective means of securing 
a large part of each conductor. Be- 
yond the slots a number of the con- 
ductors are bound together in a unit as 
a coil, and this prevents the conductors 
from vibrating against each other. 
Each coil end tends to move under the 
effect of the force exerted on it by all 
the other coils in the machine, but is 
resisted by the rigidity of the coil as 
each coil is held by being placed in two 
different slots and usually fastened, at 
one or more other places on the ends of 
the windings by means of rope, bolts, 
clamps or steel bands to other more or 
less fixed supports. 

In many of the small motors the 
coils fit closely to each other and the 
complete winding is reinforced with 
varnish or impregnating compounds; 
therefore, their windings are exception- 
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ally well braced to resist the forces ex- 
erted when starting the motors. 

The vibration and movement of the 
windings deteriorate the insulation, 
and if sufficiently severe, will cause an 
insulation failure. They may also 
break the coil leads. 

The kind and amount of insulation 
and the method of bracing are the lim- 
iting factors which determine how 
much vibration or coil movement can 
be permitted. The repetition of these 
vibrations sometimes has a cumulative 
effect by loosening the rope which is 
usually used to secure the coils to a 
supporting ring. 

As the amount of vibration or coil 
movement is directly proportional to 
the square of the ratio of the starting 
current to the full-load current, the 
starting of squirrel-cage induction mo- 
tors is much more severe on the wind- 
ings than it is with wound-rotor induc- 
tion motors, where the current is lim- 
ited by the resistance in series with the 
secondary. As the amount of vibration 
is also directly proportional to the third 
or fourth power of the length of the 
coil between supports, very thorough 
bracing is required where the coil ex- 
tensions are comparatively large. Nev- 
ertheless, there seems to be no question 
that all induction motor windings can 
be braced to stand the mechanical 
effects of full-voltage starting. 


Emergency Use of 
110-Volt No-Voltage Release on 
440-Volt Coil Compensator 


ECENTLY, while installing some 
used motors and compensators, 
it was found that the no-voltage re- 
lease coil was burned out on one of 
the 440-volt compensators. The only 
spare coil on hand was wound for 110 


No voltage 
release coll 


4 
Motor winding’ 


By connecting to the neutral and 
midway between it and a phase 
lead, 127 volts was obtained for 
operating a substitute 110-volt, 
no-voltage release coil on a 440- 
volt compensator. 


volts and as the motor which was to be 
started by this compensator had been 
connected previously for 220 volts, it 
was necessary to reconnect it for 440 
volts. 

It was at length decided to bring 
out two leads from the winding, as 
shown in the accompanying sketch. The 
motor was series-star connected for 
440 volts which gives 4401.732254 
volts from any phase lead to neutral. 
By bringing out a lead from the 
neutral point and midway between it 
and a phase lead, we obtained 127 volts 
which operated the no-voltage release 
coil quite satisfactorily. 


Construction Engineer, W. L. STEVENS. 
Smith Robinson Co., 
Vancouver, B. C. 
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Installation of 
Switchboards 


(Continued from page 832) 


connection is so overloaded that it 
will endanger continuous operation. 

A regular schedule should be pre- 
pared for the periodic testing of in- 
struments, meters, relays, and for 
the inspection of all other equip- 
ment. It is advisable to have a card 
or blank for this purpose in the form 
of a questionnaire on which can be 
noted each point as observed. 

The switchboard should be cleaned 
regularly. This may be done by 
wiping the apparatus on front of 
the board and the equipment on the 
back of the board should be cleaned 
by dry compressed air of moderate 
pressure from a hose. If this must 
be done while the board is alive, ex- 
treme care must be exercised. 


REPAIRING PANELS 


To renew the finish of dull black 
marine slate, black enamel slate, and 
marble boards, soap and water 
should be applied with a soft cloth. 
A marble panel may also be bright- 
ened by rubbing with a cloth dipped 
in gasoline. Oil stains may be re- 
moved from polished marble by ap- 
plying a mixture of benzine and plas- 
ter of paris, letting it remain on the 
stain for 48 hours. Natural black 
slate may be restored to its original 
freshness by rubbing with a soft 
cloth dipped in good engine oil. Only 
sufficient oil should be used to bring 
out the good black color of the slate. 

To change the finish of a marble 
panel to match a slate board, the 
polish should first be removed by 
rubbing with pumice stone; the sur- 
face should then be sprayed evenly 
with marine lacquer. If the devices 
cannot be removed, they should be 
carefully protected. Marine finish 
may be removed by rubbing with 
alcohol. 

The same kind of drill is used to 
drill slate or marble as is used for 
steel, except that the heel of the 
drill should be ground off to give 
the drill a sharper angle. Slate may 
be drilled dry, but marble should be 
drilled with water. Care should be 
taken when the drill is coming 
through the panel, not to break the 
back surface by too great a pressure 
on the drill. 

Holes left exposed by changes in 
equipment may be plugged with 
Portland cement or plaster of paris 
colored with lamp black. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 


Mechanical Maintenance of 


Power 


Adapting Grease Cup to Apply 
Pressure Lubrication 


HE grease holes in conveyor and 

other bearings where dirt easily 
works its way in, will sometimes get 
clogged up and thus render the ordi- 
nary grease cup ineffective. In such 
instances I have either modified the 
construction of the grease cup so that 
from four to five times the pressure 
may be obtained, or else used a steel 
grip on the cup to help screw in the 
grease. Then by working in plenty of 
the grease while the machinery is in 
operation, the dirt will gradually work 
its way out and cleanse the grease hole 
for a time. 

Of course, this is not a “cure-all” for 
these dirt-clogging troubles, but where 
there is insufficient shut-down time to 
scrape out grease grooves or to make 
other permanent repairs to keep dirt 


out of the bearings, it is wise to keep 


the modified cup screwed into the 
grease hole. 

The lever, which is riveted onto the 

top of the grease cup, is forged out 
of %-in. to %-in. round or hexagonal 
steel to the shape shown in the accom- 
panying sketch, with the ends turned to 
provide a good hand grip. The central 
portion where it fits over the cup is 
flattened out to slightly over % in. 
thick. This flattening or widening 
leaves sufficient stock after the rivet 
holes are drilled out. It may be neces- 
sary to provide additional stock by up- 
setting the steel at this section, as a 
tremendous bending moment occurs at 
the rivet holes when forcing the grease 
through any obstruction. 
Ik the rivet holes are well laid out 
in both the grease cup and its lever 
and the riveting carefully done, there 
will be no decrease in pressure by any 
grease escaping at this point. 

The selection of a grease cup with 
good threads and a thick shell is of 
importance, when deciding to modify 
its construction in this manner, or else 
the high pressure thus obtained is apt 
to spring or stretch the shell and cause 


ing 


Drives 


the cup to jump threads and become 
ineffective. For this reason, pressed- 
steel cups are better for this purpose 
than those made of brass. Cast-iron 
cups are also good since they are usual- 
ly made thick, but care must be exer- 
cised in riveting the lever on so as not 
to crack the cast iron. 

A handy grip which may be used to 
screw down grease cups which are close 
up against a shoulder so that the lever 
grip shown cannot be used, may be 
made from a piece of steel bent to fit 
around the cap of the grease cup, sim- 
ilar to the clamp used to open the com- 
mon Mason glass fruit jar. This is 
made by taking a piece of - in. round 
steel about 17 in. long, flattening it out 
in the center for a distance of about 
4 in. and bending this flat part to fit 
around the grease cup until the ends 
of the rod are parallel. This leaves 
two handles each about 8 in. long which 
may be squeezed to clamp the cap. The 
flat part may be serrated on the inside 
to make it grip on the serrations on the 
grease cup. 


Oakland, Calif. S. H. SAMUELS. 


By riveting levers on the top of a 
grease cup, giving it the appear- 
ance of a wing nut, higher pressure 
may be applied than ordinarily is 
possible when turning by hand. 


service from the first mechanical driv- 
element 
equipment to all driven machines. 


through transmitting 


Lubrication of Ball Bearing 
Hanger Boxes 


HERE ball bearings are being 

used in shaft hangers, motors 
and other power drive equipment, the 
lubrication requirements are not as 
well understood as for the plain sleeve 
bearings. The tendency is to over- 
lubricate the ball bearings. They op- 
erate best when the balls and races are 
just coated with a film of oil or grease. 
But since it is not a practical mat- 
ter to regulate the supply with cer- 
tainty so closely as this, there is no 
reason to go to the other extreme and 
suffocate ball bearings with lubricant. 
When too much grease is applied too 
frequently, the new grease will simply 
force out the old lubricant and provide 
a place for the collection of dirt and 
dust and make a messy looking bear- 
ing housing. The application of lubri- 
cant to lineshaft hanger boxes using 
ball bearings is recommended not of- 
tener than every three or four months 
depending how continuously the shaft 
is actually revolving in its hangers and 
the load on it. For lightly-loaded shaft- 
ing not in continuous use, the applica- 
tion of lubricant about every nine 
months is sufficient. 

On the lubrication of ball bearing 
hanger boxes, the Fafnir Bearing Com- 
pany, New Britain, Conn., offers the 
following recommendations and side- 
lights: 

“Fafnir double ball bearing, hanger 
boxes and other Fafnir transmission 
units are shipped from the factory con- 
taining all the grease which they ought 
to have for six months under average 
conditions. In fact we use a little more 
grease than is needed, believing that 
it is well to supply an excess of lubri- 
cant to guard against possible contin- 
gencies while the bearings dre new. 

“It may seem to the reader that we 
are going to considerable pains to ex- 
plain what is really a simple matter 
that anyone can readily understand 
with a few words of explanation. How- 
ever, we know from actual experience 
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that the mill or factory operator is apt 
to be unduly conscious ot the presence 
of his new hanger boxes. It is much 
the same as it is with the man who has 
just bought a new car. He listens to 
every murmur of the motor and his 
ears are strained for squeaks. After 
a few miles he thinks the valves may 
need grinding or, more to the point, 
that the oil has leaked out of the crank- 
case. The consequence is that for the 
first few weeks he makes frequent trips 
to the service station and asks every 
question imaginable—and many that 
surpass his normal thinking powers. 
But after the strangeness has worn off 
he never visits the service station. 

“It is apt to be much the same with 
the man who has just installed Fafnir 
double ball bearing, hanger boxes. He 
worries too much for fear that they 
may need oil. If he hears a squeak 
it may be because the hanger screws 
have worked loose a little, but after 
thinking about it he is pretty sure to 
decide that it is time to grease the 
bearings. As one mill man said to the 
writer recently—‘I know you said these 
bearings wouldn't need any more 
grease for a year, but I'll be darned if 
I am going to see them ruined.’ He 
had been filling them up with grease 
every four weeks. 

“Finally, we want to emphasize the 
importance of using a proper lubricant. 
For ball bearing use, avoid lubricants 
which are sticky and will gum up the 
bearings. Never use what is called 
black strap. Moreover, the lubricant 
should be free from graphite which 
will pack in the bottom of the race 
grooves and interfere with the free roll- 
ing action of the balls. Lubricants 
containing animal fats which are liable 
to develop acids will corrode and etch 
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the highly polished ball and race sur- 
faces. 

“The ideal lubricant is one having a 
mineral base and which is absolutely 
neutral,—that is, neither acid nor al- 
kaline. For very slow speeds a grease 
should be used, and for high speeds, an 
oil. For Fafnir double ball bearing, 
hanger boxes used on line shafting, 
where speeds are usually neither low 
nor very high, in general a neutral 
non- fluid oil made from a mineral base, 
the consistency of which is about like 
vaseline, is best. There are a number 
of brands of high-grade lubricants of 
this character on the market, any one 
of which will give good results.“ 


— . —— 


Simple Chart for 
Finding Pulley Sizes to Give 
Various Speed Ratios 


N MAKING changes in belt speed, it 
is frequently desirable to make a 
quick check to see how closely some of 
the pulleys available will give the de- 


With this pulley chart combina- 
tions of pulleys to give any re- 
quired speed ratio may be easily 
computed. 


To find the combination of pulley 
sizes which will give a special speed 
when the speed of one pulley is 
fixed, simply place a straightedge 
on the horizontal scales, which rep- 
resent the two speeds, as shown by 
the heavy dash line. The point of 
intersection of the straightedge 
with the diagonal is then used as a 
center and the straightedge ro- 
tated on this center indicates the 
possible combinations of pulley 
sizes which will give the required 
ratio. Three of the possible combi- 
nations are shown by the short 
dotted lines. 
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sired speed, if used. One method of 
doing this is by the use of a chart such 
as is shown in the accompanying 
sketch. This pulley chart is made up 
in the form of a square with a scale 
on which each 100 revolutions are equal 
to two units representing the diameter 
of the pulley in inches, arranged as 
shown. 

Suppose that with a motor speed of 
1,800 r. p.m., a speed of 900 r. p. m. is 
desired for the machine which it drives. 
The first step in locating the approxi- 
mate pulley sizes would be to place a 
straightedge on the scale at 1,800 and 
900 r.p.m., as shown by the longer dash 
line. The point of intersection with 
the diagonal is then used as a center 
or axis and the straightedge laid 
through it. When the straightedge 
passes through this center point the 
readings on each side indicate pulley 
diameters which will give this ratio of 
speed changes. In this way, it is pos- 
sible to test out quickly a variety of 
pulley sizes to see if any usable com- 
bination can be made up of those on 
hand. 

While this scheme is a part of a 
calculations 
used in designing textile machinery, 
Technologic Paper of the Bureau of 
Standards, No. 282, the ease with 
which it may be constructed and used 
in industrial work is obvious. If this 
chart is to be used very frequently it 
would be advisable to redraw it to a 
considerably larger scale, and with 
more r.p.m.’s and diameters given. In 
case it is desired to protect it, the 
chart may be shellacked which makes 
it waterproof and easily cleaned. The 
chart in that case must, however, be 
mounted on heavy wallboard. 


Helps on Running-In Bearings 
Which Heat Up When New 


ECENTLY, I found a way of work- 
ing down new bearings when they 
overheat on the first run, without any 
apparent cause, which may be of serv- 
ice to some other reader of INDUSTRIAL 
ENGINEER, My remedy for this condi- 
tion is to pulverize a cake of Sapolio or 
Bon Ami and mix it with the oil which 
is being poured into these bearings. 
This is all washed out after obtaining 
the desired relief and replaced with 
fresh, clear oil. On extremely bad 
cases of overheating with new bearings, 
I have used Dutch Cleanser. 

This heating has been attributed to 
using mandrels which are not perfect 
and give a somewhat eccentric interior 
bearing surface. This permits the bear- 
ing to turn freely along the shaft but 
it seemingly freezes on being fastened 
down in the bearing housing. My ex- 
perience with graphite is that it does 
not wash out well afterward and to a 
great extent remains in the oil pasages 
within the housing. 

One way to clean and reclaim this oil, 
which contains the Sapolio solution and 
also that which has been used in wash- 
ing out the bearing, is to empty it into 
an old felt hat placed upside down over 
a large can. The hat acts as a strainer 
and need only be washed every month 
or so with gasoline. 

Coatesville, Pa. M. J. E. 
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In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Dimension Specification for 


Ordering Stud Bolts 


O MATTER what the product of 

a factory is there is one element. 

necessary before service in the way of 

delivery can be given to the purchaser. 

That element is complete specification 
data. 

Where a product is standardized 
there is, of course, less chance for mis- 
interpretation of the order than where 
the product is individual to each con- 
sumer. In the case of ordinary stud 
bolts, for example, it is not unusual for 
the customer to assume that, in giving 
the over-all length and diameter of the 
bolt, he has given sufficient data for 
fulfillment of the order. Consideration 
of the following facts will show that 
this is not true: (1) Proper thread 
length for both the tap and nut ends 
of the bolt is essential for its use in a 
particular case. (2) No standardized 
length of tap and nut ends is recog- 
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Use of this form simplifies the 
‘specification of stud bolts. 


The four important dimensions that 
should be given are indicated by 
the circles. The dimension P is the 
width of the point. This dimension 
has been standardized as indicated 
in the table under the diagram. 


Contributions are always welcome. 


nized for a given over-all length and 
diameter of a stud bolt. (3) A large 
percentage of this type of bolts is spe- 
cjal both as to size, and length of 
thread wanted. (4) Methods of meas- 
urement of the length of the tap and 
nut ends differ; that is, the tap length 
is measured through the point, while 
the nut end is measured to the point. 
(5) The importance of specifying 
point measurement is frequently over- 
looked. 

In consequence of the failure of many 
purchasers to give either sufficient, or 
the right kind, of information when or- 
dering stud bolts, many bolt and nut 
manufacturers have developed their 
own methods of interpreting specifica- 
tions. Some have even adopted a 
standard of their own in which a given 
over-all length and diameter of the bolt 
represent a definite length of the tap 
and nut ends. Difficulties attend the 
use of this, however, as it is not com- 
monly employed or commonly recog- 
nized as a standard. 

The method which we employ in the 
case of a customer who orders many 
special studs, is noteworthy because of 
its success in eliminating errors. A 
small blue-print, which is about 4 in. 
by 6 in. in size and of the form shown 
in the accompanying illustration, has 
been made showing the threaded por- 
tions, blank area and the points at the 
end of a stud bolt. The dimension lines, 
it will be noted, have been drawn in the 
print for each of these items, but the 
space for the figures has been left 
blank. The three items below the stud 
diagram give the point dimensions (in 
width) for the various sizes of bolts. 
It will also be noted that the dimension 
for the tap end of the bolt extends 
through the point, while the dimension 
for the nut end extends only to the 
point. The dimension for the point 
itself constitutes a separate item. 

A large number of these blank blue- 
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prints are kept on hand by the cus- 
tomer. When ordering stud bolts the 
dimensions desired are filled in on one 
of these blueprints which is then sent 
along with the order. 

There are several advantages con- 
nected with the use of this method of 
ordering. Briefly, they are: (1) Elim- 
ination of all possibility of misinterpre- 
tation by the manufacturer. (2) Rapid- 
ity with which the dimensions can be 
filled in. (3) Elimination of time lost 
in writing the manufacturers for 
further information. 


Buffalo Bolt Co., ARTHUR L. GREENE. 
North Tonawanda, N. Y. 


Simple Prony Brake 
for Testing Small and Medium 
Sizes of Motors 


OMETIMES, in testing small and 

medium sizes of re-wound motors, 
it is desired to subject them to a load 
test. This is often inconvenient to do 
because of the lack of a dynamometer 
or a generator to which the motor may 
be belted so as to provide a load. When 
this is true the best method of obtain- 
ing a load is by the use of a Prony 
brake. 

A very simple form of Prony brake 
that can be easily made in the repair 
shop is shown in the accompanying il- 
lustration. The motor to be tested is 
fitted with a large pulley or flywheel. 
A piece of leather belting long enough 
to wrap around the flywheel; as shown 
in the illustration, is fitted with soft 
wood cleats. These cleats may be fast- 
ened to the belt by means of wood 
screws. Buckets are then attached to 
each end of the belt, as shown. 

In running the test the flywheel 
should be gradually brought up to 
speed and at the same time the two 
buckets should be balanced by adding 
iron, bolts, nuts, scrap iron, rock, or 
other small, heavy objects. Naturally 
more weight will have to be added to 
bucket A so as to resist the pull of the 
flywheel on the cleated belt. Weights 


The brake is made by fastening 
soft wood cleats to a piece of 
leather belt. 


This belt is placed around a pulley 
or flywheel attached to the motor 


shaft. By adding weight to the 
buckets which are fastened to the 
ends of the beit the desired amount 


of load may be obtained. 
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are added to bucket B so as to obtain 
more friction between the flywheel and 
the cleats, thereby putting more load 
on the motor. When the desired amount 
of load has been placed upon the motor, 
as indicated by an ammeter connected 
in the supply to the motor, and at the 
same time the buckets have been made 
to balance, determine the speed of the 
flywheel by means of a revolution 
counter. 

The horsepower delivered by the 
motor at the motor shaft may then be 
determined by the following equation: 

Hp.—3.1416X DXr.p.m X (AB) — 

33,000. 

In this equation, 

D=diameter of flywheel 

A=total weight of bucket A and its 


contents 

B=—total weight of bucket B and its 
contents 

r.p.m.—revolutions per minute of 
motor shaft 


As an example let us say that the 
diameter of the pulley or flywheel was 
2 ft., and that the motor speed was 
1,200 r.p.m., when the buckets balanced. 
The total weight of bucket A was 
found to be 80 lb., while that of B was 
10 lb. Then the horsepower developed 
by the motor during ,this test was 
55 (80—10) — 33, 000 
16 hp. 

In making this test it is a good idea 
to nail strips of wood on the ends of 
the cleats at two or three points, so as 
to prevent the brake from slipping 
sideways. 

Some objection to this form of brake 
might be raised because a downward 
thrust is placed on the motor bearing 
by the weight of the two buckets, which 
will cause increased friction at the 
motor bearings. This would not be the 
case if the motor output were deter- 
mined by the usual form of prony 
brake. However, this increase in bear- 
ing friction is quite small, especially 


With this device a repair shop can 
add the eqnivalent of a sensitive 
drill attachment to a lathe for 
drilling or tapping. This is not 
difficult to make and is consider- 
ably more satisfactory in its opera- 
tion than trying to use the drill or 
a in the tailstock center of the 
athe. 
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when compared with the full-load rat- 
ing of the motor. Also, the same in- 
crease in bearing friction is encoun- 
tered when the motor is belted to its 
load, as the pull of the belt must be 
borne by the bearings, so that this test 
will give a close approximation of the 
performance of the motor under normal 
operating conditions. 


Oakland, Cal. S. H. SAMUELS. 


How Babbitt Oil Rings Were 
Cast and Turned Down 


WO very old motors which were 

brought in to us for repairs, re- 
quired, among other things, the re- 
placement of eight oil rings. These 
were of white metal, which the owner 
insisted was babbitt and, as he would 
allow nothing else to be used, we made 
the rings from genuine babbitt. Be- 
cause that metal is not very strong 
and is difficult to handle in the lathe, 
the method used may help some other 
readers. 

The rings were % in. wide, 3 in. in- 
side and 3% in. outside diameters. A 
mandrel was made by cutting a piece 
of oak about 1 ft. long and putting big 
centers (regular 60-deg. bevel) in each 
end. These centers were large enough 
to stay true when turning and chang- 
ing in the engine lathe. This mandrel 
was turned to a diameter of 3 in. for 
more than half its length and care- 
fully smoothed up. 

In order to make good, solid rings, 
it was decided to stand the mandrel 
vertically and to surround it with a 
piece of steel tubing, 3% in. inside di- 
ameter. This tubing was smoothed 
inside with emery cloth to make it 
slippery and was painted inside with 
red lead. Both tube and wooden man- 
drel were faced square on one end, so 
that they could be clamped upright on 
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the planer table, and centered with a 
scale. The babbitt was then poured. 
After the tube had been pressed off, 
it did not adhere tightly to the bab- 
bitt, due to contraction of the latter 
and the coating of red lead on the in- 
side of the tube, the shell of babbitt 
remained on the. wooden mandrel. This 
was put in the lathe and was found to 
run as true as when turned. The ex- 
cess babbitt was turned off until the 
shell was concentric and reduced to the 
required diameter. The roughness of 
the wood and the contraction of the 
metal were sufficient to hold it in place 
for turning. 
Finally, a -in. parting tool was 
used to divide the shell into rings. Thin 
slices of babbitt-bound wood were then 
cut off with a hacksaw. The wood cen- 
ters were removed by drilling a few 
holes and splitting out with a knife. 
The slight roughness inside was 


smoothed with a scraper and the rings. 


were ready. It was a matter of satis- 
faction that these rings were made 
without distorting them and that they 
ran perfectly when put into service. 


DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


Easily Constructed 
Sensitive Drill and Tapping 
Attachment for Lathe 


MALL repair shops often do not 

have an extensive line of machine 
tools and the ingenuity of the men is 
frequently taxed to devise special at- 
tachments for doing unusual work. One 
operation, for example, which they are 
frequently called upon to do, is to drill 
or tap parts in the lathe. In shops 
without special attachments the usual 
method of drilling with the lathe is to 
place the drill in the tailstock spindle 
and use the tailstock feed to move the 
drill into the work. It is more diffi- 
cult, however, to use a tap in the tail 
stock of the lathe in this way on ac- 
count of the tendency of the tap or 
chuck to pull out of the socket when 
backing off. 

One means of attaching a sensitive 
feed to the tailstock of a lathe is shown 
in the accompanying sketch, which il- 
lustrates a device which one repair 
shop man made to do this kind of work. 
As will be seen a chuck is mounted on 
a solid shaft, with a feather key to 
prevent it from turning. The connec- 
tion to the lathe spindle is made 
through a hollow tapered shank of the 
usual size. The key is also attached 
to this shank. A single link and a 
pressure lever are fitted with small 
co as shown in the sketch at the 
eft. 

The drill or tap is moved forward 
by the lever, without forcing, and only 
as required. The parts comprising this 
device are simple and do not require 
any difficult machine work or the mak- 
ing of any castings. Drilling and tap- 
ping operations may be carried on with 
this fixture with a facility equal to 
that afforded by the sensitive drill 
press, which makes it a very desirable 
lathe fixture for general use. 
Washington, D. C. G. A. LUERS. 
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Removing Dust in 
Industrial Plants 


(Continued from page 826) 


employed, and suctions less than the 
maximum noted above will be the 
rule, in the average case. 
Centrifugal exhausters used for 
this class of work are generally of 
the stage or turbine type, in which 
a number of narrow fan wheels are 
mounted side by side upon the same 
shaft, so as to operate in series, the 
same as a centrifugal pump with 
multiple impellers. Low- pressure 


exhausters of this type are common- | 


ly designed for suctions up to 25 or 
30 in. of water column, and high- 
pressure machines for 100 in. 
Another form of exhauster used 
quite extensively in this work is the 
rotary type. This is a positive-pres- 
sure machine, and some forms are 
capable of operating satisfactorily 
under pressures up to 5 or 6 lb. per 
sq. in. 
Pneumatic sweeping is made us 
of in all kinds of factories and mills 
where fine dust and lint settle upon 
the building construction and its 
contents. Its advantages are ob- 
vious, as it sweeps without raising 
a dust, and collects the waste ma- 
terial for disposal without moving 
it from place. to place within the 
room. Sometimes, however, in cer- 
tain places difficult of access around 
shafting and in intricate machinery, 
such as motor or generator wind- 
ings, it is necessary to blow the dust 
or lint out with a jet of compressed 
air and then collect it with the 
sweeper. This is best accomplished 
by a jet of air, not exceeding % in. 
in diameter, under a pressure of 
about 80 Ib. per sq. in. For some 
equipment this pressure is too high. 


Jets from compressed air lines are 
sometimes used. However, as com- 
pressed air generally contains mois- 
ture, it is not safe to use around live 
electrical equipment. Also, the pres- 
sure is generally too high although 
many plants use it. 

When employed in textile mills for 
cleaning machines and shafting, the 
air current should be directed down- 
ward, in which case the heavy lint 
will fall directly to the floor with- 
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Hoods and exhaust systems on a 
fur cleaning bench. 


Each bench is supplied with its in- 
dividual exhaust system and outlet 
so that either may be used irre- 
spective of the other. The hoods 
catch any dust or hair which may be 
loosened during the cleaning proc- 
ess and draw it away from the 
operator before it escapes into the 
room. The suction brush which is 
used for cleaning the fur is on a 
separate exhaust system, as it re- 
quires a much higher suction pres- 
sure than is needed for the hood. 


out being blown about the room. 
Equipment for this purpose is usual- 
ly of the portable type. Similarly 
trucks are equipped with pneumatic 
sweeping equipment, this being much 
cheaper in many cases than install- 
ing an extensive system of piping 
connected with a stationary plant. 
Sweeping and blowing machines are 
often combined in the same unit by 


the use of valves for reversing the 


flow of air through the inlet and 
outlet pipes. 

Types of portable hand blowers 
and one combination portable blower 
and vacuum cleaner are available for 
this purpose. These are attached 
to a light socket and held in the 
hand while the blast of air is direct- 
ed into the machine through a long 


Table I—Minimum Sizes of Branch Pipes for Emery 
or Other Grinding Wheels 


DIAMETER OF WHEELS 


6 in. or less, not over 1 in. thick...... 
7 in. to 9 in., inc., not over 1% in. 


10 in. to 16 in., inc., not over 2 in. 
17 in. to 19 in., inc., not over 3 in. 
20 in. to 24 in., inc., not over 4 in. 
25 in. to 30 in., inc., not over 5 in. 


MAXIMUM MINIMUM 
GRINDING DIAMETER 


SURFACE OF 
IN BRANCH PIPE 
Sq. IN IN INCHES 
N 19 3 
thick. 43 3% 
thick 101 4 
thick................ 180 414 
thick 302 5 
thick................ 472 6 


NoTe:—The sizes of connections suggested for grinding and polishing 


wheels are those given in the tables by the Department o 


Labor of New 


York, with the exception of those for polishing wheels 21 in. and over in 


diameter. 
with common practice. 


Specified pipes are without fractional inch diameters to agree 


Table II—Minimum Size of Branch Pipes for Buffing, 
Polishing or Rag Wheels 


DIAMETER OF WHEELS 


6 in. or less, not over 1 in. thick .. 
7 in. to 12 in., inc., not over 1½ in. 
13 in. to 16 in., inc., not over 2 in. 


17 in. to 20 in., inc., not over 3 


21 in. to 27 in., inc., not over 4 in. 
27 in. to 33 in., inc., not over 5 in. 


MAXIMUM MINIMUM 


GRINDING DIAMETER 
SURFACE OF 
IN BRANCH PIPE 
Sq. IN. IN INCHES 
N 19 3% 
thick 57 4 
hien 101 4 
thick. 189 5 
thick. 338 6 
thick................ 518 7 


NoTeE:—Where the branches are extremely long, the friction loss in the 
system may be decreased by making pipes 32 in. greater in diameter 


than the sizes given in above tables. 
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nozzle. They are designed primarily 
to clean electrical apparatus and to 
remove the dust or lint which set- 
tles in the windings. It would be 
almost impossible to remove this in 
any other way. Switchboards, re- 
lays, and other electrical equipment 
are also cleaned in the same way. 
The use, however, of these blowers 
is in no way restricted to electrical 
equipment. 

Methods of removing the dust 
from the air supply and the exhaust 
system, which require the use of 
filters, will be taken up in another 
article to appear later. The problem 
of handling heavier materials such 
as shavings, cotton, wool, bark and 
so on will also be discussed in a later 
issue. 

Eprrok's NOTE: Special acknowledg- 
ment is made to the following compa- 


nies for assistance in furnishing in- 
formation, data and illustrations for 
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this and other articles which are ap- 
pearing in this series: The Air Condi- 
tioning & Engineering Co., St. Louis, 
Mo.; Allen & Billmyre Co., Inc., New 
Vork City; American Blower Co., De- 
troit, Mich.; Autovent Fan & Blower 
Co., Chicago, III.; E. B. Badger & Sons 
Co., Boston, Mass.; Bentz Engineering 
Corp., Newark, N. J.; Buffalo Forge 
Co., Buffalo, N. Y.; Carrier Air Con- 
ditioning Co. of America, Buffalo, 
N. V.; Carrier Engineering Corp., 
Newark, N. J.; The Clarage Fan Co., 
Kalamazoo, Mich.; The Cooling Tower 
Co., Inc., New York City; The Dust 
Recovering & Conveying Co., Cleveland, 
Ohio; Globe Ventilator Co., Troy, N. Y.; 
Green Equipment Corp., Chicago, 
III.; Holly Pneumatic Systems, Inc., 
New York City; Ilg Electric Ventilating 
Co., Chicago, III.; The MacLeod Co., 
Cincinnati, Ohio; The Martindale Elec- 
tric Co., Cleveland, Ohio; Mellish- 
Hayward Co., Chicago, III.; Midwest 
Air Filters, Inc., New York City; The 
Northern Blower Co., Cleveland, Ohio; 
Reed Air Filter Co., Inc., Louisville, 
Ky.; Spray Engineering Co., Boston, 
Mass.; B. F. Sturtevant Co., Boston, 
Mass.; The Temco Electric Motor Co., 
Leipsic, Ohio. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this 
writing to the manufacturer whose name and 


ge can be obtained by 
ess are mentioned. It 


is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Wall Receptacles—Bulletin 53 describes 
the wall receptacles, plugs and cable 
connectors made by this company for 
use in industrial plant and other 
buildings.—Russell & Stoll Co., 53 
Rose St., New York City. 


Repair Parts for Meters—Part List 9, 
gives the price list of repair parts 
for Type H watt-hour meters and 
single-phase and polyphase meters, 
service and switchboard types.—San- 
gamo Electric Co., Springfield, III. 


Speed Reduction Units—A booklet en- 
titled, “Speed and Power,” describes 
and lists the Boston herringbone and 
worm gear speed reduction units.— 
Boston Gear Works Sales Co., Nor- 
folk Downs, Mass. 


Lift Trucks—A 12-page bulletin de- 
scribes the four-wheel Plimton elevat- 
ing-platform hand-trucks which are 
manufactured in 33 sizes. The front 
wheels are mounted on automobile 
type steering knuckles.—The Plim- 
on Lift Truck Corp., Stamford, 

onn. 


Snap-Switch Rheostat—A folder de- 
scribes a combination snap-switch 
and rheostat for use in connection 
with small fans, buffers and grind— 
ers, small lathes, winding machines, 
lamps and motors, soldering irons, 
glue pots and other appliances. — 
National Electric Controller Co., 154 
Whiting St., Chicago, III. 

Machine Molded Gears —A folder shows 
how the Poole machine molded gears 
are made and illustrates some of the 
variety of gears manufactured in this 
way.— The Poole Engineering & Ma- 
chine Co., Baltimore, Md. 


Chains and Gears— Section 27 is a 224- 
page catalog of the chains, sprockets 
and gears designed and supplied by 
this company for use in connection 
with their conveyors and other equip- 
ment.—Stephens-Adamson Mfg. Co., 
Aurora, III. 


Wood Boring Machines—Literature de- 
scribes a new lightweight, reversible 
pneumatic wood boring machine 
which is suitable for boring holes up 
to 1 in. in diameter.—Ingersoll-Rand 
Co., 11 Broadway, New York City. 


Non-Metallic Heating Elements—A 
technical bulletin describes the Glo- 
bar non-metallic heating unit, gives 
charts and tables of ratings and 
shows a large number of standard 
types of elements used in the electric 
heating field. American Resistor 
Co., Milwaukee, Wis. 


Hollow Seamless Balls— Folders de- 
scribe the method of manufacture of 
hollow seamless balls made in one 
piece from steel, brass, bronze, cop- 
per, aluminum, monel metal, stainless 
steel, or any other metal, together 
with some of the applications. — Hol- 
low Ball Co., Inc., Baltimore, Md. 

Automatic Cable Take-Up Reel—Bulle- 
tin 1000 describes the C.A.W. auto- 
matic cable take-up reels for handling 
and preserving cable, such as is used 
on lifting magnets and other portable 
electrical equipment.—Cleveland Ar- 
mature Works, Inc., 4732 St. Clair 
Ave., Cleveland, Ohio. 

Truck Casters— Catalog K-8 describes 
the various types of anti-friction 
truck casters which are provided 
with ball races in the swivel and rol- 
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ler bearings in the wheel. One type 
has both ball and roller bearings in 
the swivel—Bond Foundry & Ma- 
chine Co., Manheim, Lancaster 
County, Pa. 


Roller Bearings—A folder describes 
utility roller bearings which are 
made in standard sizes for general 
use, and gives dimensions and price 
lists.—Rollway Bearing Co., Inc., 
Syracuse, N. Y. 


Safety Ladder Shoes —A folder de- 
scribes a cork-grip, non-slipping safe- 
ty shoe for attaching to the foot of 
ladders. When attached, this shoe is 
hinged so that it does not interfere 
with the use of the ladder.—The 
Safety Service & Engineering Co., 
5716 Euclid Ave., Cleveland, Ohio. 

Storage Batteries for Trucks and Trac- 
tors—A 16-page booklet entitled 
“The Adaptability of Electric Indus- 
trial Trucks and Tractors” illustrates 
and describes some of the numerous 
applications of electric trucks and 
tractors. A 28-page booklet entitled, 
“Selecting a Battery for Electric In- 
dustrial Truck Service” gives the 
points to be considered in selecting 
a battery for this type of equipment, 
shows by means of charts the oper- 
ating characteristics, and discusses 
electrical efficiency, maintenance care 
and cost and other battery problems. 
The Electric Storage Battery Co., 
Philadelphia, Pa. 

Waterproofing Treatment for Belts 
Circulars describe Belt-Sek which is 
a special belt treatment that can be 
applied to belts on the pulleys for 
waterproofing them. In addition, it 
is claimed that this treatment will 
lengthen the life, prevent slipping 
and clean the belt as well as put 
new life into dry, brittle or cracked 
belts. Other circulars describe dif- 
ferent products which waterproof and 
preserve canvas, cotton textiles, and 
other fabrics and materials.—Sek 
Manufacturing Co., 4301 W. Kinzie 
St., Chicago, III. 

Handbook of Mechanical Rubber Goods 
—A handbook of 160 pages describes 
the various Goodyear mechanical 
rubber products such as belts, hose, 
packing, molded and lathe cut goods; 
56 pages are devoted to a discussion 
of Goodyear belting, its applications, 
methods of fastening, care, how it is 
made and its use.—Goodyear Tire & 
Rubber Co., Akron, Ohio. 

Wiring Manual—A 150-page, pocket- 
size handbook contains tables and a 
large amount of data for ready refer- 
ence by electrical engineers, contract- 
ors and wiremen, in addition to in- 
formation regarding Simplex prod- 
ucts.—Simplex Wire & Cable Co., 201 
Devonshire St., Boston, Mass. 

Safety Switches, Wiring Devices, 
Switch and Panelboards—Catalog 13 
is divided into four sections, taking 
up the following subjects: safety 
switches; open knife switches and 
accessories; porcelain wiring devices, 
panelboards and cabinets. This cat- 
alog contains 195 pages including 
the index, and gives a number of 
diagrams as well as descriptions and 
illustrations of the equipment.—The 
Trumbull Electric Mfg. Co., Plain- 
ville, Conn. 

Care of Rope—Pocket size circulars ex- 
plain the proper care of manila rope, 
show how to uncoil it and give a 
price list.—Columbian Rope Co., Au- 
burn, N. Y. 
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Electricity’s Safety Valve 
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ALLIS-CHALMERS 


Polyphase 
Induction 
Motors 


Type “ARY” Slip Ring Motor 


Constant and 
Variable Speed 


60 and 25 Cycle 


Type “AR” Squirrel Cage Motor 


Type “AR” and “ARY” motors are designed with ex- PRODUCTS: 
ceeding ruggedness, cast steel in place of cast iron being Blecicical Machiners 
a prominent feature. Gas Engines 
Steam Engines 
They are of the riveted steel frame type. The stator Steam Turbines 
Sa k ‘ Condensers 
end frames and feet are integral and are made from Oil Easines 
electric steel castings, insuring a very rigid construc- Hydraulic Turbines 
; SEL tis. 8 Pumping Engines 
tion and eliminating any possibility of broken feet. Centrifugal Pumps 
i - : ' ; Mining Machinery 
The method of ventilation is very effective, resulting Metallurgical Machinery 
N : 9 T * Crushing Machinery 
in even cooling and avoiding “hot spots. eee Macias 
j PE š Aas : Flour Mill Machinery 
Shafts are very rigid and stiff, while bearings are of Saw Mill Machinery 
liberal design with spacious oil wells. Air Compressors 
; i f , i Air Brakes 
Insulation is of highest grade, stator being treated with Steam and Electric Hoists 


Farm Tractors 


baked-on insulating varnish, making the whole structure Paes Traian Maak 


dust and moisture-proof. 
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When You 
Dance Some 


One Pays 
the Fiddler— 


You May Think It’s Not 
Yourself, But You Can 
Fool the Other Fellow 


NE of my good friends and one 

time pal who is now engaged 
in a new line of work that is about 
90 per cent engineering and 10 per 
cent salesmanship, has written me 
some of his experiences that are in- 
teresting, amusing, and pathetic. 
I'll pass them on to you and you can 
draw your own conclusions and 
morals. 

One case that he ran into involved 
a blower installation for a school, 
that called for a 6214-in. wheel over- 
hung on the shaft, with a pulley 
center hung for belt drive; so it was 
specified by the architect and ap- 
proved by his consulting engineer. 
It came to light that space limita- 
tions along the axis of the shaft 
were the reason for this stipulation 
in construction. A suggestion to 
turn the blower around just 90 deg. 
so as to use a standard blower con- 
struction with overhung pulley and 
center-hung wheel, saved just about 
$100 on the installation and 17 per 
cent of the cost of the standard 
blower. 

In another case a consulting engi- 
neer selected for a school, a blower 
with a 4834-in wheel to deliver 
22,800 cu. ft. of air per min. with 
an outlet velocity of 2,400 ft. per 
min., in order to save $128 over the 


next larger size wheel that would 
operate quietly with an outlet veloc- 
ity of 1,800 ft. per min. But the 
first wheel was installed, to whistle 
a tune of false economy and poor en- 
gineering judgment to school child- 
ren during the next couple of 
decades. , 

In addition to that a slow-speed 
motor, instead of a standard 1,200- 
r.p.m motor that could have been 
used, was selected for the belt drive 
and “blooey” went the $128 saving 
and some more along with it. But 
the written word of the architect in 
his specifications is law, with auto- 
matic enforcement, and the contract- 
ing engineer adds 10 per cent on a 
school job and we pay for it in our 
taxes, with a grunt perhaps, but 
that’s all. 

Here’s another case my friend 
writes me about that is funny. A 


steel mill engineer wanted to drill 
%-in. holes in mild steel columns 
1% in. thick, and selected two com- 
peting drills to try out. Both were 
put to work on the job about the 
same time. One had a high spindle 
speed and the other had a low 
spindle speed of about 300 r.p.m. 
The slow-speed drill went to work 
and just drilled holes with long, 
curled-up shavings. The high-speed 
outfit drilled holes, too, and a little 
faster at the start; so the lazy, 
slow-speed drill was laid aside and 
the other one set to work. Two 
weeks later the high-speed drill was 
forced out of commission. The slow- 
speed drill was again pressed into 
service and finished the job and is 
ready for another. 

This merely goes to prove that, as 
has been said many times before in 
INDUSTRIAL ENGINEER, the life of 
a piece of equipment depends alto- 
gether on the judgment of the man 
who selects the equipment, the con- 
sideration he gives to the work that 
it will be required to do, the atten- 
tion and care given to it, and the 
intelligence displayed by the opera- 
tor in the use of it. 

Well, these are only sketches from 
the back stage of the interesting 
drama of engineering life—things 
the folks out front who pay the price 
do not see. And yet they believe 
they are getting their money’s worth, 
and perhaps they do. If we all 
knew what our mistakes were going 
to cost us, few of us would ever dare 
to do anything worth while. It’s the 
lesson of the experience that counts 
in the end, and I hope you will get a 
pointer if you need it from what I 
have passed on to you here from my 
friend. 


GC AG 


358 INDUSTRIAL ENGINEER Vol.83, No.8 
Big 150 
Deep weld Mil sy SSS SS See ee Fe Eral E3750 New o 
3 BI 72 Fast 19/9 5 AA Bi 
By ., Taso? Bly 03, “7240 BigM japts rie * ö 
Lisa} 1 By 03/08 d i 1 I ji i i JL 
l 3-75 QT 1I rs 2 
F. TK - — — eee ee rere SS ——— —ů — qa a Se eee aa eee a 
a F a — Se eee aa one nee ae e L e d oanpak A 
8 acc Cu $ 
“He If i 
i Se 14 14 „ ] ̃ ö IV E (| CR | C o Ta e aaaea . 14 
Dapa within. 8 rosea 4 
e Tea aa dan ka i - 
Lime Baut. 5% 56. IId: „2-500000 cu “rE 2 
Blg.108 No 270°. Ni O 33 S. 
Generators Vy i iT [i 37300 — 35 i EAA. 
2777 e LHE S1 1 i es Nel 
1! ry ae E = = ZA = i POT is net 
iih 6 pa S i j SES house 
1 gH 7 2 | Pipes 
Exciters Ey 100 00 i 8 H 
t gs 11 S 
CCC ester a, E e R ' it! Ces 
a 5 AF . eselyae r AAA — 2 
S 4! a. ‘a 7% 500,000 Cuon Lines (23456 Il „ HIES: 
= ' 3-25 750 000 A/ on Lines 25,27,29 Big 27 IAA 2 — 
-cii apop: igh 756,000 Cu on Lines 40,41,42 EFA AA . 
K 4 1000.000 A/ on Lines 78/3 14171819202. i i iil moe 
3-25 Big 3 Lights Pumps, light 5 ‘22, 2324 25 28,30 314323 34 35, è i ae Bh. 10 
By. M6 u on Lines d 59° i i aad g 
150 2000 Al on Lines 9 15 16 Arra t of cables : ede {+ . 
Big. 136 9 i TS 25e. /-20 
on first steel tower east SA ARS LTT . 
Legend x Nol power house, boking east S388 S me 
—— —/3,200-Wit lines 750000Al- 750000 Circ. mill aluminum cable I Sr e — 
' A 8 >_> 
—s=<= 2. 200, lines % CH No. 00 Copper cable K R PEA ! n = towers 
110 to 440-Volt lines 3-50 ~~ Three 50kva. transformers 5% % 52, 24 £2, 20 30 2826 ! Deep els reclamation 
—_l— Zap or splice = Tic oper. oi! circ. breaker 144 — 4 Lake pumps 
— e Switch, bw tenson a Lec. oper oil circ. breaker, non auto Arrangement of cables over h, power house 3-0 


witch fuse, efe. 
r meter 


Considerations That 
Affect the 


o Manually oper oil circuit breaker 
— —/3,200-volt disconnect switch 


Layout of Overhead 
Electrical Circuits 


In Industrial Plant Yards From the Standpoints of 
Continuity of Service, Safety to Workmen, Cost of 
Maintenance and General Appearance 


By J. ELMER HOUSLEY 


Electrical Engineer, Aluminum Company 
of America, Alcoa, Tenn. 


LANNING the layout of the 

overhead yard circuits must be 

given careful consideration if 
their expansion is to be orderly, safe, 
and of satisfactory appearance. 
Naturally, the first consideration is 
continuity of service, which is fol- 
lowed by safety, provision for future 
growth, and appearance. 

Some plants have all their power 
distribution and communication cir- 
cuits underground. This is un— 
doubtedly a very satisfactory place 
for them; however, the expense is 
greatly increased. In case the plant 
covers a large area, and the differ- 
ent parts do not use very large 
amounts of power, the cost is often 
prohibitive. In this article we will 


consider only the overhead circuits, 
as they are the more widely used 
of the two systems in industrial 
works today. 

The usual industrial plant yard 
circuits may be differentiated by two 
terms: general circuits and local 
circuits. General circuits~ usually 
cover the entire plant area and re- 
quire the greatest amount of tower 
or pole space and in consequence re- 


quire more thought in providing for 


future expansion. These lines will 
usually consist of 2,200-volt power 
circuits, series lighting circuits, tele- 
phone circuits, clock, fire alarm, sig- 
nal and code call circuits. The local 
circuits are power circuits of low 
voltage and consequently cover a lim- 
ited area. These circuits are the 
220/110-volt parallel lighting cir- 
cuits, the 250-volt d.c. power cir- 


Fig. 1—There is no uncertainty as 
to where and how the various cir- 
cuits are run in this plant. 


This one-line diagram of the alter- 
nating-current circuits is kept up to 
date by revisions as soon as any 
changes are completed. Among the 
various items listed on this diagram 
are the size, kind and location of 
conductors, capacity and location of 
all transformer banks, location of 
all switches and circuit breakers 
and what they disconnect, location 
and number of all watt-hour 
meters, including the circuits on 
which the meters measure the 
power, and much other useful in- 
formation regarding the system, 
which should not be left to some- 
one's memory. At the lower center 
of the diagram is shown the ar- 
rangement of the cables as they 
leave the ower house. This is 
also shown in Fig. 2. The arrange- 
ment of the n on the first steel 
tower is likewise illustrated. 


cuits, the 440- and 550-volt power 
circuits and underground distribu- 
tion circuits for various services un- 
der special conditions which may be 
peculiar to a given plant. 

A one-line diagram of the power 
circuits in a large plant is shown in 
Fig. 1. In this diagram the dotted 
lines represent the 2, 200-volt cir- 
cuits. These are general circuits and 
extend over the entire plant. The 
full lines in this diagram represent 
the 440-volt power circuits. As can 
be seen the latter lines run only a 
short distance from the transform- 
ers from which they originate and, 
therefore, they are considered as 
local circuits. 

The main plant power feeders of 
an industrial plant usually carry 
2,200 volts and extend from the 
power house or substation to vari- 
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ous load centers in the plant. Steel 
towers and steel poles are preferred 
for the main plant lines because of 
permanence, ease of climbing, ap- 
pearance and reduced fire hazard. 
The 2,200-volt circuits are run on 
the uppermost crossarms, as is indi- 
cated in Fig. 5, in order to eliminate 
the necessity of small lines crossing 
the 2,200-volt circuits and the re- 
sultant danger of falling on them 
during storms or during erection. 
The 2,200-volt conductors naturally 
must be large enough to carry the 
load intended for them, but should 
not be smaller than No. 6 hard or 
medium-hard, drawn copper or No. 4 
steel-reinforced aluminum cable. 
The conductors should be insulated 
with a triple weather-proof braid 
when used within the plant boun- 
dary. Smaller conductors are likely 
to break and allow the high-voltage 
lines to come in contact with the low- 
voltage circuits. The braid offers 
no protection against shock at this 
voltage but it protects the cable dur- 
ing erection and minimizes the dam- 
age to the cable from arcing should 
a yard crane or other object come 
in contact with the line. 

The line insulators are preferably 
made of porcelain as this material 
withstands leakage current to a high 
degree. In almost any plant a cer- 
tain amount of dust will accumulate 
on insulators and to prevent insu- 
lator breakdowns an insulator rated 
at not less than 6,600 volts is used on 
-the 2,200-volt circuits when operat- 
ing under the best conditions. Where 
various chemicals are present in 
the air the writer has found it nec- 
essary to use an insulator rated at 
17,000 volts in order to eliminate 
service interruptions and burned-off 
cables. For dead ends, a single 
disc insulator 7 in. in diameter and 
having a voltage rating of 10,000 
volts has been found to give best 


1 


| 


e 1 Loe l (a — 
et Te . 
Ni an 
2 
— ů — 22 s 


SST! aaun E 


-r 


Ai cansa: i IE 


QEN 


A 


j . le 
ý r l! d — — 
4 i 5 i 
; 1 ai 7 — “4 
=) e — 111 17 x 1 
n 


INDUSTRIAL ENGINEER 


results under ordinary conditions. 
For bad conditions two such units 
may be used in series. 

For outside work, high-tension 
braided cable in conduit is sometimes 
used but deterioration is rapid and 
many service interruptions result. A 


ON WHICH crossarms 
should the various electrical 
circuits be located, in the 
overhead distribution system 
in an industrial plant? What 
kind of poles, what type of 
insulators, and what are the 
minimum sizes of wire that 
can be used for this work? 
Should the wires be insulated 
or bare? Ought the lighting 
transformers to be located on 
top of the pole? What is 
the most satisfactory way of 
running the service from the 
pole line to the power trans- 
former bank? In this article 
Mr. Housley answers these 
and many other questions on 
layout of plant yard circuits. 


better method, especially for con- 
necting the 2,200-volt circuits to 
transformer banks located at the 
base of the tower or in an adjacent 
building, is to install a cable pothead 
at the top of the tower and run 
lead cable from this pothead to an- 
other located at the transformer 
bank. Iron conduits should be in- 
stalled for the protection of the 


Fig. 2—Arrangement of cables 
over power house. 


As shown in the small diagram at 
the lower center of Fig. 1, the 
cables leaving this power house are 
carried on racks. This arrangement 
was necessary because the alley be- 
tween the power house and the ad- 
jacent building is only 15 ft. wide 
and hence it was out of the question . 
to start the steel towers at this 
point. The cables are carried on 
these racks for a distance of 200 
ft. and then go to the pole line. 
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cable for a distance of 10 ft. up the 
tower and where the cable is under- 
ground. 

Disconnects and oil switches 
should not be brought within 22 ft. 
of the ground unless suitably en- 
closed to prevent accidental contact 
with live parts. For sectionalizing 
the service in the plant yard, pole- 
top, air-break switches of good de- 
sign may be obtained and where 
overload protection for branch cir- 
cuits is desired Schweitzer & Con- 
rad high-tension, chemical fuses may 
be incorporated with the switch as 
shown in Fig. 7. Where only over- 
load protection is required and it is 
unnecessary to switch under load, 
fysed disconnecting switches similar 
to those shown in Fig. 3 may be 
used. These disconnects can be 
opened under no-load conditions 
only, yet they provide overload pro- 
tection through the high-tension 
fuses. For metering such branch 


. circuits outdoor-type current and po- 


tential transformers are installed at 
the top of the tower and the sec- 
ondary leads run in conduit to a 
metal meter cabinet conveniently lo- 
cated near the ground. The frame 
of this cabinet must be grounded. 

The 2,200-volt circuits should 
cross the plant railroad lines as few 
times as possible in order to prevent 
accidental contacts with locomotive 
cranes, as this is a frequent source 
of accidents. In reaching trans- 
former banks quite a few crossings 
may be eliminated by using lead 
cable underground for a short dis- 
tance. Where crossings must be 
made the towers should be designed 
for liberal clearance. 


SERIES LIGHTING CIRCUITS SHOULD 
BE HANDLED AS 6,000-VOLT LINES 


Series lighting circuits find favor 
for yard lighting in plants of large 
area and where no elements destruc- 
tive to insulation are present. In 
general these circuits should be in- 
stalled, insulated and handled as if 
they were 6,000-volt lines, for in case 
of a grounded circuit near the con- 
stant-current transformer a very 
high potential to ground will exist 
near the other end of the line. In- 
asmuch as this circuit is treated as 
a high-potential circuit it should ob- 
viously be installed just under the 
2,200-volt lines, as shown in Fig. 5. 
In order to insure sufficient mechan- 
ical strength, the conductors for this 
circuit should be of solid conductor 
not smaller than No. 6 hard-drawn 
copper and should have triple-braid, 
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weather-proof insulation. Splices 
may be made with a McIntire 
sleeve so as to give maximum 
strength in the joint and to prevent 
annealing of the wire by soldering. 

The insulators should, as was the 
case with the 2,200-volt lines, be of 
porcelain and rated at not less than 
6,600 volts. The conductor should 
be securely tied to the insulator with 
insulated wire not smaller than the 
line conductor. The series lighting 
circuit should be attached only to 
strictly electrical structures and 
should never be attached to pipe sup- 
porting towers or to buildings, for 
the possibility of high voltage on 
this circuit constitutes quite a 
hazard to workmen around such 
structures and also hampers fre- 
fighting operations. Where it is es- 
sential that lights operating on such 
a circuit be attached to buildings, a 
series transformer should be in- 
stalled on the nearest tower and the 
secondary run to the light, thereby 
insulating the lamp from the circuit. 
Where a pole must be set for a 
light only, a lamp standard with un- 
derground parkway cable may be 
substituted and will present a more 
attractive appearance. 


LAYOUT OF CLOCK, FIRE ALARM, 
SIGNAL AND CODE CALL CIRCUITS 


The remaining general circuits to 
be considered are the clock, fire 
alarm, signal code call and telephone 
circuits. 

The clock-regulating circuit as 
furnished by the telegraph com- 
panies consists of a single wire over 
which impulses at 250 volts are sent 
once an hour. These impulses reg- 
ulate or set the clocks, which are 
arranged in multiple. The winding 
of the clocks is usually accomplished 
by a dry cell in the clock case. Many 
plants use a local master clock, how- 
ever, which sends out an impulse 
once per minute and advances the 
clock hand by that interval, the 
source of energy being ordinarily 
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Fig. 3—In some plants line section- 
alizmg is desired without the use 
of air-break switches. 


This may be accomplished through 
the use of a fused disconnecting 
switch. These disconnecting switch- 
es must not be opened under load. 
However, under no-load conditions 
they may be used to isolate sec- 
tions of the line. The fuses are of 
the high-tension, chemical type, 
made by Schweitzer & Conrad, Inc. 


taken from the lighting service or 
from storage batteries. 

The code call circuit is usually 
operated from the telephone oper- 
ator’s desk by some automatic, code- 
sounding device. This sends out 
110-volt impulses to the vibrating 
horns, bells and whistles in the plant, 
which are connected in multiple. 
Owing to the small amount of energy 
required by the horns the lines may 
be as much as a mile long and oper- 
ate several horns satisfactorily at 
this low voltage. 


Fig. 4—This shows the direct-cur- 
rent circuits of the plant mentioned 
in Fig. 1. 

These circuits are carried on the 
same poles as those shown in Fig. 1. 
The reason for showing them in a 
separate diagram is to make the 
diagram more simple and easy to 
follow in tracing the circuits. 
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The various other signal circuits 
will seldom require over 110 volts. 
The fire alarm circuits are usually 
of the closed-circuit type with a 
break-glass or pull-down box for giv- 
ing the coded interruption to the 
closed circuit which is energized by 
a number of primary battery cells. 
The circuit may be energized by 250 
volts d.c. or lower, through a re- 
sistor in order to give the required 
value of current for operating the 
relays. Quite often the alarm is 
sounded throughout the plant by sin- 
gle-stroke gongs, operated in series 
or in multiple on 250 voltsd.c. These 
bells are located at strategic points 
in the yard and in all buildings. 

The nature of the above circuits 
would indicate that they should be 
installed on the crossarms lowest on 
the tower, but above the smaller and 
mechanically weaker telephone wires, 
as is shown in Fig. 5. These cir- 
cuits should never cross over 2,200- 


volt circuits and should be at least 


4 ft. below such circuits because 
these signal circuits enter buildings 
and the connected apparatus is fre- 
quently within touch of a large num- 
ber of people who should be safe- 
guarded as much as possible. These 
circuits should use a line conductor 
not smaller than solid No. 8 hard or 
medium-hard drawn copper, covered 
with triple-braid, weather-proof in- 
sulation. The line insulators may be 
of glass, single-petticoat type. The 
conductors are tied to the insulators 
with insulated wire not smaller than 
the line conductor. Where these cir- 
cuits leave the tower or pole lines 
and run inside or outside of build- 
ings, they should be enclosed in con- 
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duit to prevent mechanical damage 
or electrical crosses with other wires. 

The telephone circuits may be 
called the arteries of the plant and 
deserve careful consideration to pre- 
vent accidental interruption of serv- 
ice and to insure safety. To the 
writer the bare telephone line has 
never appeared to have any justifica- 
tion for use within the industrial 
plant yard. It is especially liable 
to accidental crosses with other cir- 
cuits, it is easily broken, and when 
a break occurs it usually wraps 
about other circuits and shorts them 
out; also this method takes up a 
large amount of expensive pole and 
crossarm space. Where five or less 
telephone circuits must be run in 
the open for less than 300 ft., No. 17 
s.c.c. rubber-covered, weatherproof 
braid, twisted-pair telephone wire 
may be profitably used. For longer 
distances or where a larger number 
of lines are required, service and 
safety are promoted by the use of 
lead-covered telephone cable. A suf- 
ficient number of extra pairs should 
be provided for the probable increase 
in traffic, which inevitably occurs. 

In order to safeguard the delicate 
telephone equipment and protect the 
telephone user, a line protector con- 
sisting of a lightning arrester and 
fuses should be installed on each cir- 
cuit where it enters a building. 

The telephone lines inside of the 
building usually use No. 19 tinned- 
copper, twisted-pair conductor with 
rubber insulation and a single glazed 
braid. 

Lead-covered telephone cable, 
where installed on the plant steel 
tower lines, requires some modifica- 
tions of suspension practice to se- 
cure safety. In making a number 
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Fig. 5—Preferred crossarm loca- 
tions for the different circuits of 
an industrial plant distribution 
system. 

The high-voltage lines are placed 
on the uppermost crossarms. The 
lowest crossarms carry the various 
signal circuits, which are of low 
voltage. The alternating-current 
low potential and the direct-current 
low potential circuits are carried on 
the crossarms in between. Only 
four crossarms are shown here, but 
others can, of course, be added 
where needed. 


of investigations of cable troubles 


ascribed to lightning the writer 
found small holes burned in the cable 
under the supporting clips, often as 
many as 17 holes would be found in 
a length between three towers. 
While being familiar with the va- 
garies of lightning the casual ex- 
planation did not appear logical and 
so the insulators of the 2, 200-volt 
lines on the adjacent towers were 


¢ 
AN 
* 
"> 
. 


361 


given a minute examination. In 
three cases there were found de- 
fective insulators which had a crack 
extending either from the top of the 
saddle or from the tie wire groove 
to the iron pin. During a storm a 
heavy current would pass from the 
cable through the cracked insułator 
and thence to the pin through the 
tower to the messenger cable. The 
current would go. both ways to the 
adjacent towers. Inasmuch as the 
messenger wire was in parallel with 
the lead sheath, current would 
enter the lead sheath through the 
supporting rings, thereby burning 
small holes in the lead sheath. In 
one instance the switchboard oper- 
ator observed a heavy surge on the 
2,200-volt feeder on which the trou- 
ble occurred. Although all of the 
towers were well grounded, the RI 
drop in the steel tower forced the 
current along the messenger and 
lead cable to the adjacent towers. 

Two methods have been used to 
eliminate this trouble, one being to 
mount a treated maple block on the 
tower and bolt the messenger clamp 
to it; the other is to put a horizon- 
tal angle on the tower and suspend 
the messenger clamp by a guy in- 
sulator from the angle extension, as 
shown in Fig. 5. Such isolation of 
the messenger and cable has been 
effective in eliminating these trou- 
bles. The messenger and cable are 
grounded at only one point, that be- 
ing where they enter the building 
housing the exchange. ö 

All telephone lines entering the 
plant cable from outside of the plant 
should be provided with an arrester 
and heat coils, as considerable dam- 
age may be caused by “sneak” cur- 
rents burning open the lines in the 
cable. 


LOCAL CIRCUITS SHOULD NOT BE 
RUN ON THE OUTSIDE OF BUILDINGS 


The motor circuits are usually of 
440 and 550 volts a.c. and 250 volts 
d.c. Since they are local in charac- 
ter they seldom occupy much space 
on the yard towers. Where the low- 


Fig. 6—Lead-sheath cable is used 
for connecting the transformer 
bank to the overhead line. 


A cable pothead is installed at the 
top of the pole. The cable is run 
down the pole and underground to 
the transformer bank. For protec- 
tion, the cable is run through con- 
duit underground and for 10 ft. up 
the pole and at the transformer 
The illustration shows the 
cable and conduit coming out of the 
ground at the bank of transform- 
ers. The cable terminates in a pot- 
head which is located behind the 
lightning arrester at the right cen- 
ter of the illustration. 
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tension circuits supply two or three 
buildings adjacent to a step-down 
transformer bank they may occupy 
the space on the tower below the 
2,200-volt circuits and above the sig- 
nal circuits, as is shown in Fig. 5. 
The design of these circuits should 
be such that they will not be run 
along the outside of the buildings 
being served, as they detract from 
the appearance of the building and 
in some cases may pull the frame- 
work of the building seriously out 
of line. To the writer’s knowledge 
this has happened, and it really 
is very poor practice unless the de- 
sign of the building is positively 
known to be able to stand the strain 
of the wires under all conditions. 
There is also considerable danger in 
connection with firefighting opera- 
tions around the building, if power 
circuits are run on the outside. 

The service entrance may be by 
means of cables stretched from the 
tower line to the building with a 
conduit entrance into the building. 
Main switches should be provided 
inside of the building, so as to make 
it possible to shut off power to the 
various parts of the building. The 
most common fault of these service 
connections is that the cables are not 
spaced far enough apart and insuf- 
ficient clearance from grounded 
structures is provided: Under such 
conditions short-circuits are easily 
established and changes in sag and 
alignment cause grounded circuits. 
Where space on the tower is crowded 
it may be advisable to use lead-cov- 
ered, three-conductor power cables 
with potheads and run such circuits 
down the tower and underground in- 
to the buildings. 

The installation of 2,200-volt light- 
ing transformers on the yard towers 
always presents a problem both in 
securing clearance for the primary 
leads and safety to the repairman 
working on a case of trouble. A 
very satisfactory solution is to elimi- 
nate the 2,200-volt transformer on 
the pole or tower and install a 440/ 
220/110-volt transformer at each 
2,200/440-volt transformer bank. 
The lighting service may be supplied 
to the local load center from this 
point. The slightly increased losses 
are compensated for by the increased 
safety to linemen and greater secur- 
ity from lightning. The location of 
the 220/110-volt lighting circuit on 
the erossarms is shown in Fig. 5. 
Wherever transformers of any type 
are installed on the 2,200-volt sys- 
tem, the concensus of opinion favors 
the installation of lightning ar- 
resters. 
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Fig. 7—Here is a typical layout for 
pole-top, air-break switches includ- 
ing overload protection. 


The overload protection is obtained 
through the use of Schweitzer and 
Conrad high-tension chemical fuses. 
As may be seen, lightning arresters 
and choke coils are also provided 
for in this layout. 


Quite frequently the industrial 
plant fails to observe the code ruling 
that the low-tension secondaries 
(110-220 volts) of transformers 
must be grounded, either on the neu- 
tral of the three-wire system or on 
one line wire of the 110-volt serv- 
ice. This neglect presents a certain 
hazard to men using portable elec- 
tric drills, extension lamps, etc., and 
more serious results may occur in 
case of a breakdown of the insula- 
tion between the 2,200-volt primary 
winding and the secondary winding 
of a transformer. 

Where the series lighting circuit 
is not practicable because of insula- 
tion troubles the yard lighting sys- 
tem may be operated in small groups 
from the 220/110-volt service just 
described. A satisfactory method is 
to mount a switch under each light 
and use an enclosed cutout between 
the main feed circuit on the tower 
line and the lamp. A weatherproof 
condulet push-type switch may be 
used in preference to a rotary switch, 
as the rotary switch buttons are 
often removed and lost by mischiev- 
ous persons. 

The 250-volt d.c. power circuit is 
frequently used for local service, 
principally for power house, machine 
shop and other variable-speed drives 
and traction service. Where the 
plant is large, several motor-gener- 
ator sets will probably be used and 
relatively short feed lines employed. 
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Considerable study should be devoted 
to the problem of eliminating drives 
requiring such special service at 
scattered points in the plant. These 
circuits should occupy about the 
same position on the poles or towers 
as the local 440-volt and the light- 
ing circuits, as is shown in Fig. 5. 

Considerable difficulty has been 
experienced from lightning disturb- 
ances on the 250-volt d.c. circuits and 
provision should be made for the use 
of lightning arresters at all build- 
ing entrances. The only explanation 
offered by the writer’s experience is 
that the a.c. circuits were always 
equipped with lightning arresters as 
a matter of course, while the d.c. 
circuits were not, until equipment 
losses indicated the necessity of this 
protection. 

A plan of the distribution system 
is invaluable for the large as well as 
the small plant. On it should be 
noted the size of cable used, charac- 
ter of insulation, arrangement on 
towers, where oil switches and dis- 
connecting devices are located, loca- 
tion of meters, capacities of trans- 
formers, and main secondary subdi- 
vision of lines. These constitute 
some of the important information 
easily forgotten unless noted on 
some form of drawing. Fig. 1 
is a one-line diagram of the 2,200- 
volt and 440-volt lines in a large 
plant and on it is incorporated all 
of the information just mentioned. 
Fig. 4 is a similar diagram for the 
250-volt d.c. system. Additions and 
revisions to these drawings should 
be made at regular intervals and 
new blueprints issued to those inter- 
ested. Occasionally a new tracing 
should be made, as the old one wears 
out under many erasures. 
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Better Illumination in 
Industrial Plants 


Together With a Discussion of Results Obtained 
Therefrom in the Way of Increased Production and 


Reduced Accident Hazards 


By ROY A. PALMER 


National Lamp Works of General Electric 
Co., Nela Park, Cleveland, Ohio 


RTIFICIAL light has become 
; A such an efficient and depend- 
able asset in our modern life 
that we rarely stop to consider how 
much it contributes to our welfare 
and happiness. In almost every im- 
portant activity in which we are en- 
gaged, artificial light plays some 
part and in the large majority of 
cases the role which it plays is al- 
most indispensable. 
Notwithstanding the rapid prog- 
ress which artificial lighting has 
experienced and the completeness 
with which we have absorbed it into 
our daily lives, the lighting of this 
country as a whole has not reached 
a high standard. It is true that 
America can be termed the best- 
lighted country in the world, for 
other countries are far below even 
our present standard, but with the 
benefits which better lighting brings 
at a comparatively low cost there are 
possibilities for even greater use of 
light with profit to the user and 
worth while advantages all around. 


There are, no doubt, many plant 
executives who feel that the lighting 
systems in their factories are fully 
adequate. However, the lighting 
systems which were satisfactory 
four or five years ago may be far 
below the standard of what is con- 
sidered good lighting today. Changes 
in the structural features of the 


WE ARE SO USED to doing a 
large part of our work by artificial 
illumination that it is easy to take 
such lighting for granted, without 
much thought as to whether the 
amount of light furnished, or the 
type of equipment used, are suited 
to the working conditions. Often- 
times, too, there is a failure to 
realize that a level of illumination 
that is entirely suitable for one 
class of work or conditions may 


be altogether inadequate for an- 
other kind of work or set of con- 
ditions. In this article Mr. Palmer 


points out the dollars-and-cents 
value of good lighting from the 
standpoints of production, de 
creased accident hazards and gen- 
eral improvement in working con- 
ditions. Other phases of this sub- 
ject will be presented in articles 
which will appear in succeeding 
issues of Industrial Engineer. 
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Fig. 1—A properly-designed light- 
ing system makes all of the differ- 
ence between a dark and gloomy 
shop and one that is cheerful look- 
ing and easy to work in. 


The illustration at the left shows 
how the punch press department in 
one plant looked when illuminated 
by the original lighting system, 
which gave an average illumination 
of 0.7 foot-candles. As will be noted, 
drop lights had to be used at some 
of the machines. The other view. 
shows the same department lighted 
by the new installation of 200-watt 
lamps in M dome reflectors. 
The new system gives an illumina- 
tion of about 13.5 foot- candles. 


building have, perhaps, altered the 
existing arrangement of outlets, so 
that the illumination is now insuf- 
ficient; substitution of improper 
lamps for those burned out or broken 
throughout the period of a few 
years may have introduced lighting 
conditions that are condemned by 
modern standards; or the character 
of the work now performed in the 
factory may demand a higher stand- 
ard of illumination. These are only 
a few of the factors which require 
checking over to ascertain whether 
or not the factory is obtaining full 
benefit of the advantages which bet- 
ter lighting brings. In not a few 
cases have the lighting systems 
never measured up to good lighting 
requirements, and in those factories 
the matter of revamping the exist- 
ing installation should be given the 


most serious consideration. 


It is obvious that by the amount 
of light available we are accordingly 
enabled to see. During the hours of 
darkness we can only distinguish 
outlines of objects, but in the sun- 
light it is easy to perceive small de- 
tails. That illustrates the wide 
range of intensity of light to which 
our eyes can adapt themselves. Ifa 
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factory were operated only during 
the hours of darkness and no artifi- 
cial light were provided, the output 
of that factory would be very small 
indeed. If only a little light were 
supplied, the output would be a little 
greater. The production would be 
almost entirely dependent upon the 
illumination supplied. While there 
are other factors which affect pro- 
duction, it can be readily appreciated 
how intimately good lighting is 
linked with production when we 
compare utter darkness and only a 
very small amount of light. But the 
efficiency of the worker is not at a 
maximum when the illumination is 
merely sufficient for good vision. 
The worker can see sufficiently well 
to work slowly under one foot-candle 
of illumination. Yet that worker is 
laboring under a partial blindfold. 
With five foot-candles of illumina- 
tion that blindfold will be very con- 
siderably removed. At ten foot-can- 
dles the worker’s visual powers have 
further increased. The finer the 
grade of work and the greater the 
demands upon the vision, the more 
light will be required. 

The percentage of gain in visual 
power of the eyes is illustrated in 
the chart shown in Fig. 2. The 
curves show the results of tests con- 
ducted by Drs. Feree and Rand at 
Bryn Mawr University. In their 
experiments they found that as more 
light was supplied, the visual pow- 
ers of a normal eye increased very 
considerably. With sub- normal eyes, 
however, it was found that their 
visual powers increased even more 
rapidly than in the case of normal 
eyes, when the amount of light was 
increased. 


GooD FACTORY LIGHTING IMPROVES 
WORKING CONDITIONS 


While the factory management is 
naturally most interested in those 
items which affect increased produc- 
tion or lower unit costs, more favor- 
able working conditions are also im- 
portant, for it is generally appreci- 
ated that the working conditions are 
reflected in the rate and quality of 
production. Good lighting is one of 
the greatest contributors to better 
working conditions. Inadequate 
lighting causes an atmosphere of 
gloom in the room. It is only fair 
to the workman that he be given a 
cheerful place in which to work, for 
it must be remembered that he 
spends at least one-third of his time 
at the factory. It is essential that 
the worker be provided with good 
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Fig. 2—How visual power increases 
with increase in the intensity of 
illumination. 


This chart is based on the results 
of experiments conducted by Drs. 
Feree and Rand of Bryn Mawr Uni- 
versity. It will be noted that the 
increase of vision with the increase 
of illumination is materially greater 
in the case of persons with defec- 
tive eyesight than with those of 
normal vision. 


tools and up-to-date machinery to 
turn out the best work. It is like- 


wise essential that good lighting be 


provided so that his visual powers 
will enable him to use the tools and 
machinery to the best advantage. 
There are many plants where the 
illumination is not what it should be, 
merely because of neglect of the 
lighting system. Changes may have 
been made in the factory at various 
times of the year, which perhaps cut 
off the light from some lighting units 
or in some other way rendered the 
existing lighting system ineffective. 
Perhaps more exacting demands re- 
quire closer visual application and 
the level of illumination should have 
been raised to prevent unnecessary 
eye strain. Many other reasons 
could be cited why attention should 
have been given to the lighting sys- 
tem in order to assure adequate il- 
lumination. In view of the benefits 
which better lighting brings to the 
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employees and the factory owners, it 
is important that every plant execu- 
tive give due consideration to the 
lighting of his plant. 

It is not an unreasonable claim 
that better lighting reduces acci- 
dents. There are many cases in 
which improper and inadequate il- 
lumination can be blamed for acci- 
dents and perhaps many more cases 
where the illumination may not be 
a direct, but is a contributing cause. 
Because of the fact that it is some- 
times extremely difficult to determine 
the exact cause for some accidents, 
definite figures which show the di- 
rect relationship between accidents 
and lighting are not readily avail- 
able. However, one does not need to 
stretch the imagination to realize 
the possibility of accident in a poorly 
lighted factory. Stairways, objects 
hidden by dark shadows, swiftly 
moving machine parts are only a 
few of the sources of accident when 
insufficient or improper light pre- 


vents the sense of sight from acting 


quickly enough to avoid danger. Ex- 
amples of these conditions are shown 
at the left in Figs. 1 and 3. 

In direct contrast to light and ac- 
cidents, definite and tangible figures 
are available regarding the effect of 
better lighting on production. Many 
tests which show the important 
bearing of Jight upon the output of 
the plant have been made in various 
industries. Illumination production 
tests have been made in industrial 
plants covering a wide variety of 
operations. The results of nine such 
tests are shown in the accompanying 
table. 

One of the most interesting of 
these tests was that conducted by 
the Office of Industrial Hygiene of 
the United States Public Health 
Service. In the belief that the work 
of letter sorting could be expedited 
by supplying more light upon the 


Results of Some Tests 
That Show the Practical Value of Good Lighting 


AVERAGE FOOT AVERAGE Foot 
CANDLES WITHiCANDLES WITH 
OLD SYSTEM 


KIND oF WORK 


Pulley finishing 

Soft metal bearings 

Heavy steel machine 

Carburetor assembly........... 

Manufacture of electric, gas and 
sad irons 
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point) 
Semi-automatic buffing brass 
shell sockets 
Manufacture of piston rings... 
Letter separating 
Inspecting roller bearing parts.. 


Average 
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PER CENT ADDITIONAL 
INCREASE IN |LIGRHTINGCosaT 
Propuction, [IN Per Cent 


NEW SYSTEM 
NEW SVSTEM | OF PAYROLL 
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work, this test was undertaken. The 
illumination was raised from 3.6 
foot-candles to 8 foot-candles and it 
was found that the speed in the work 
of letter sorting was increased 4.4 
per cent. Since the work in other 
departments of the post office is 
mainly visual, it is reasonable to 
believe that a similar increase would 
obtain if the level of illumination 
were raised. It was estimated that 
a saving of $109,000 could be made 
in the post office where the test was 
conducted, should the same increase 
of speed apply throughout the entire 
office. The economy of better light- 
ing is even more striking when the 
fact is taken into consideration that 
this saving is three times the in- 
creased cost of illumination. 
Another interesting test was con- 
ducted at the Timken Roller Bear- 
ing Co. plant at Columbus, Ohio. 
Several weeks were devoted to this 
test and the high and low levels of 


Glare from Exposed Lamps 
of Room 


Dense Shadows 
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Inadequate Light 
Increases Accident 
Hazard 


Gloomy Appearance 
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illumination alternated weekly. The 
test was conducted in the inspection 
department where thousands of 
bearings are inspected. This pro- 
cess requires fairly close visual ap- 
plication. The effect of better light- 
ing was brought out in a striking 
manner by the production figures 
under the low and high levels of 
illumination. When the high level 
of illumination was provided, the 


Fig. 3—These illustrations show 
some of the points of difference be- 
tween poor and good lighting sys- 
tems. 


As will be seen in the photograph 
at left, the use of localized lighting 
at some of the machines, results in 
a very low level of illumination 
(0.2 foot-candle) throughout the re- 
mainder of the room. In particular. 
the very poor lighting of the floor 
around the machines and in corners 
constitutes a serious accident haz- 
ard. In contrast, the view at right 
shows how all of these objection- 
able features can be eliminated by a 
lighting system that is properly de- 
signed and adequate for the service. 
In this illustration, the illumination 
is about nine foot-candles. 


Spotty Illumination 
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production increased; when the 
illumination was cut down, the pro- 
duction decreased. With each change 
in the level of illumination the 


‘production output responded accord- 


ingly. The illumination in this plant 
was originally five foot-candles, 
which is not so low as is found in 
many plants. The new lighting 
system installed for the test pro- 
vided 20 foot-candles. While the 
five foot- candles of illumination 
were sufficient for fairly good vision, 
the new installation helped the speed 
of vision and produced a stimulating 
atmosphere in the plant so that pro- 
duction was increased*12.5 per cent. 

The average increase in production 
for the nine tests, as shown in the 
table, is 15.04 per cent, with an 
average additional lighting cost of 
1.96 per cent of the payroll. Increases 
in production as high as 25.8 and 
even 35 per cent were obtained in 
some plants. 

In each one of these tests every 
effort was made to balance out all 
factors that could affect production 
figures, except lighting. Further- 
more the tests were conducted over 
a period sufficiently long to obtain 
average conditions and results. 

If it were only possible for every 
factory manager to view his plant as 
it would appear if illuminated by an 
up-to-date lighting system, there 
would be no need to try to convince 
him of the benefits of better lighting 
by means of statistics. The immense 
contrast in the appearance of the 
rooms, the ease with which small de- 
tails may be seen, and the stimulat- 
ing effect of an abundance of light 
would be sufficient for him to realize 
that more and better work could be 
done under such conditions. It is 
somewhat difficult to appreciate 

(Please turn to page 402) 


Luminous Shadows 
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Some Things It Pays 
To Know About 
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Separating Dust from Air 


in Industrial Plants 


So That Clean Air May Be Used in Industrial 


Processes, for Heating and Ventilating, or May Be 
Discharged into the Atmosphere 


By CHARLES L. HUBBARD 


Mechanical Engineer, Boston, Mass. 


FTER dust has been removed 
A from the atmosphere or col- 
lected from exposed surfaces 
upon which it has settled, as was de- 
scribed in the preceding article 
entitled, “Removing Dust Produced 
in Industrial Plants,” in the July 
issue of INDUSTRIAL ENGINEER, it 
must be separated from the air 
which carries it before the air can 
be exhausted into the plant or the 
atmosphere. In other cases the at- 
mospheric dust in incoming air must 
be removed before the air can be 
used in and around the processes 
performed within the plant. Some 
of the methods of doing this will be 
taken up in this article. 


Dust-laden air is cleaned by pass- 
ing it through some type of sepa 
rator. In general, these separators 
are either of the “wet” or “dry” 
types, although in some cases both 
types are used together. Generally, 
if the practically dust-free air is to 
be discharged into the open some 


ATMOSPHERIC DUST must be re- 
moved from incoming air before it 
can be used in many processes. 
Also, the dust-laden air, which is 
taken up in industrial sweeping 
operations and other methods of 
dust removal, as was described in 


the July issue, must be cleaned be- 
fore it can be discharged into the 
atmosphere. Some of the various 
types of equipment used for remov- 
ing dust from air are taken up in 
this article. 
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Here a number of sectional filter units are 
used to purify the air used in the drying 
room in an automobile plant. The sec- 
tional units may be seen through the open 
door leading into the heater room. 


form of dry-type separator is used. 
It is seldom necessary to have the 
discharged air absolutely dust free, 
as it usually can contain some fine 
particles which become diffused in 
the atmosphere. 

When the dust and dirt are col- 
lected by pneumatic sweeping equip- 
ment it is practically always neces- 
sary to remove them from the air 
before passing through the ex- 
hauster, as was explained in the 
previous article. This is because 


most types of pneumatic sweeping ` 


equipment use either rotary or 
multistage turbine exhausters which 
do not pass solid material. Where a 
quantity of solid materials is picked 
up in a sweeping process, such as 
when sweeping floors in boiler rooms 
and in grain elevators, the air is 
often passed first through screens or 
through a centrifugal separator 
which removes all large pieces and 
then through a bag or other similar 
filter to remove the dust. For ordi- 
nary sweeping work so few large, 
solid particles are gathered up that 
a separate centrifugal separator is 
seldom necessary. A separator which 
employs the centrifugal principle for 
the removal of the coarser particles 
and a filter bag for removing the 
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This diagram shows an air washing 
unit in connection with a heating 
system. 


Here the incoming air passes 
through a A aad chamber filled with 
mist and then through a heavier 
curtain of water which drives the 
particles of dust, already moistened 
by the mist, down into the settling 
chamber. Moisture is largely re- 
moved in the eliminator. 


finer dust is shown in a sketch on 
page 369. 

With dry separators, whether of 
the centrifugal, screen or bag type, 
the dirt accumulates in a elosed 
chamber at the bottom of the sepa- 
rator and must be removed at fre- 
quent intervals for burning or other 
disposal. In some cases the dust 
chambers are emptied automatically, 
as was shown in the illustration at 
the bottom of page 322 in the July 
issue. Here, as the dust accumu- 
lates, the dust pan automatically 
trips and empties itself without in- 
terfering with the operation of the 
separator. 

In some cases screw conveyors or 
other devices in continuous operation 
are used to remove the dust depos- 
ited in the bottom of filter chambers. 
In many cases, however, particularly 
where a small amount of material is 
recovered from the air, hand valves 
or gates in the bottom of the settling 
chamber are sufficient. 

The cleaning of the filter cloths is 
a still more important item. In 
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some cases these bags are cleaned 
regularly by shaking or rapping. 
This is sometimes done by a revolv- 
ing shaft and a cam action which 
regularly jars the material loose 
from the bag. In other cases the 
equipment is stopped at intervals 
and the direction of the air current 
reversed, which causes the material 
to drop loose from the inside of the 
bag. With filter equipment where it 
is necessary to reverse the air cur- 
rent to clean the bags, an installa- 
tion is usually made up of several 
units so that one unit can be cut out 
at a time to be cleaned. The length 
of time between cleaning depends, of 
course, upon the material handled 
and the quantity of dust removed. 
Keeping the bags clean is an,.im- 
portant part of the operation of a 
bag filter, and demands close atten- 


Jo exhauster 
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tion. If the dust is allowed to ac- 
cumulate to too great a depth on the 
inside of the bag, the resistance to 
the passage of the air is materially 
increased, which increases the power 
required to operate the system. 

It is hardly to be expected that 
any one set of filter cloths or bags 
could be used for handling a variety 
of dusts. Even in the same industry 
different cloths are required for 
various steps or processes. Also, 


_ Special precautions must be taken to 


prevent fire. Metal screens are com- 
monly used to filter hot mixtures. 


Where it is immaterial, or is de- 
sired, that moisture be added to the 
air, wet filters are frequently used. 
This is especially true when recir- 
culating heated air in a building. In 
a wet filter, Ar passes through a mist 
or curtain of water in an air cham- 
ber and has all foreign particles 
washed out. In addition, it picks up 
moisture which is a desirable and 
necessary element in a hot air heat- 
ing system. Recirculated air is 
sometimes treated with ozone to re- 
vitalize it. 

In wet separators the dust-laden 
air is passed through water before 
it is exhausted. This washes out the 
dust and exhausts clean, moist air. 
This is ordinarily not done unless 
the air is to be used again, such as 
for recirculating in heating and 
ventilating systems or for use in 
processes, because a small amount of 
dust in the exhaust is seldom con- 
sidered harmful. The dust settles to 
the bottom of the water chamber 
and is fiushed out either into the 
sewer or into a settling tank. Sel- 
dom is such dust of any value. 

One of the important parts of all 


In this case dry tanks and wet 
tanks are both used. 


Equipment of this sort is frequently 
used in connection with pneumatic 
sweepers. The first tank removes 
all the heavy solid materials and 
most of the dust. Any dust carried 
over in the air is separated by pass- 
E hrougn the water in the second 
tank. 
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A— This shows a portion of an installation of 24, 
10-kva., 75,000-volt, General Electric generator 
sets, transformers and switchboards which sup- 
ply high-voltage current for a Cottrell precipita- 
tion service. 


B—These bags hold five days’ catch of dust ob- 
tained in a Cottrell precipitator at the plant of 
the Riverside Portland Cement Co. 


C— This battery of four compound centrifugal 
separators recovers about 40 tons daily of kiln 
dust in a cement mill. 


D—Here the outlet from the cyclone separator 
discharges into a stack instead of into the open 
air. 

E- In this installation the dust-laden air passes 
through a series of screens. Dust deposited on 
these screens is loosened at frequent intervals 
by jarring and is removed from the hopper at 
the bottom. 


F—This bank of sectional unit filters is installed 
on the inlet to a ventilating system. 


f 
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G—Here a stationary vacuum cleaner with its two 
filter tanks is used for general sweeping in the 
coating room of a wallpaper plant. 


H—In this installation a cyclone separator removes 
the grinding dust exhausted from a group of 
emery wheels. 


I—This battery of compound wet and dry separat- 
ors handles 80,000 cu. ft. of air per min. The 
bulk of the dust is removed dry centrifugally 
and the remaining fine dust is washed out cen- 
trifugally. 

J—Six sectional unit filters are installed on each 
side of a heater supplying air to a finishing and 
drying room. 
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This is one type of combination 
centrifugal and bag filter. 


The dust-laden air enters the cen- 
trifugal separator at the top and 
loses practically all solid material 
as well as much of the dust in its 
passage around the circumference 
of the separator between the outer 
and inner shells. The dust and heavy 
material fall into the dust bucket. 
Any fine dust remaining in the air 
rises upward and is removed as the 
air passes through the removable 
cloth bag. 


wet air filters is an adequate settling 
tank, if the water is to be recircu- 
lated. Another point which is often 
neglected is seeing that wet filters 
are of substantial construction. 

Frequently the wet and dry sys- 
tems are combined. The heavier 
dusts are removed by the dry 
process and the fine dust washed out 
as described. An outfit for this pur- 
pose in which the dry tank, at the 
left, operates by changing the direc- 
tion of the air current, is shown in 
the sketch on page 367. 

There is a large variety of types 
of wet and dry filters. Many of the 
dry filters are made of cloth and 
differ largely in the arrangement of 
the cloth, either in the form of 
screens or bags, and in the provision 
for cleaning and emptying. In any 
case it must be remembered that 
cloth or other filters should not be 
forced too much, or the increased 
pressure or vacuum will drive par- 
ticles through the filter. The remedy 
is to increase the surface area of the 
filters. Whenever an installation is 
planned, it is well to take up all de- 
tails of the operating conditions with 
the manufacturer, and particularly 
to consider the maximum capacity 
which the filter will be called upon 
to deliver at any time. 

Some of the more common indus- 
trial operations which require clean, 
filtered air are in connection with 
the cooling of machinery in opera- 
tion or the air used in a machine, 
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such as on turbo-generators, motors, 
air compressors, pneumatic tools, air 
brakes, gas engines, etc., Filtered air 
protects the equipment from accu- 
mulations of dust and from undue 
wear. Also, it is frequently neces- 
sary to use dust-free air in the man- 
ufacture of certain products, such as 
food products, fine chemicals, photo- 
graphic plates and films, some textile 
fabrics and in other processes. Either 
wet or dry systems are commonly 
used in connection with ventilating 
equipment for offices and factories, 
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as they not only remove the dust but 
many germs. In some industries, 
such as food product plants, it is 
frequently necessary to have air 
practically free from bacteria. 

One of the big problems in indus- 
trial plants is in connection with 
the operation of turbo- generators 
and large motors, particularly in 
steel mills. In these cases it is fre- 
quently necessary to use forced cir- 
culation of air through the equip- 
ment to help keep it cool. Unless the 
air is clean, dust accumulates on the 
windings. For this reason the air 
surrounding the equipment could 
hardly be used without some treat- 
ment. In one steel mill, for example, 
two large fans delivering 90,000 cu. 
ft. of air per min. force incoming air 
through an air washer for cooling 
and cleaning before supplying it to 
two large reversing mill motors and 
motor generator sets, in addition to 
seven smaller auxiliary mill mo- 
tors out in the plant. In another 
case the main motors and generator 
sets are installed in a special room 
which is kept under a slight pres- 
sure, just about that of the atmo- 
sphere, so that no atmospheric dust 
can enter. Cleaned air is forced into 
this room as well as through the 
machines, to keep them cool. 

In addition to the types of wet 
filters already described, there is 
other special equipment commonly 
known as scrubbers. While these 
were originally designed for use in 
connection with removing dust and 
particles from hot gases, they are 
frequently used in many other ap- 
plications for dust removal. 

One type of these is a combination 
centrifugal wet scrubber. In this the 
incoming gas is passed through a re- 
volving disk with a large number 
of pins projecting outward at an 
angle and staggered. This disk is 
rotated at high speed and water, oil 
or other liquid flows down and over 
the wheel. The high speed forces the 
liquid out through and around the 
projecting pins. The gas passes 
through this and up around the outer 
shell and into the outlet. The high 
speed of rotation, it is claimed, 
forces the particles of dust into the 


In some food products plants bac- 
teria which are carried on dust 
must be removed. 


Here the air discharged into the 
room is first passed through special 
filters, the large square objects at 
the end of the short extension from 
the pipe at the ceiling. In this way 
the dust is removed along with any 
bacteria it may be carrying just 
before the air enters the room. 
This installation is in a gelatin 
factory. >: 
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How fineness of mist 
affects wet washing. 


In wet washers a fine 
mist will present more 
wet surface to catch 
the dust, than if the 
drops are heavier. This 
table shows the rela- 
tion of the surface area 
of various sizes of wa- 
ter particles where the 
volume of each group 
of particles is the same. 
For this reason the fine- 
ness of the mist as well 
as its density is im- 
portant. 


liquid which flows down through the 
settling chamber and out. Oil is used 
where it is not desired to increase 
the humidity and certain chemical 
solutions are used where it is desired 
to absorb certain elements out of the 
gas. It is claimed that with the use 
of oil practically 100 per cent of the 
dust may be removed. In starch 
mills, for example, the starch water 
is recirculated until it gets heavy 
with starch. It is then drawn off 
and reprocessed, thus saving what 
formerly went to waste. 


ELECTRICAL PRECIPITATION OF DUST 
OR FUMES FROM AIR 


There is still another method of 
removing dust and fumes from air 
or smoke before it is discharged 
into the atmosphere. This is known 
as the Cottrell electrical precipita- 
tion process and was originally de- 
veloped for use in settling acid mist, 
created in the manufacture of acid, 
so that it would not be discharged 
into the atmosphere. In addition to 
the wide use of this process in de- 
positing vapors created in chemical 
processes, it is also widely used in 
removing solid materials, such as 
dust, from air and fumes. 


The electrical precipitation of dust 
consists in passing dust-laden air or 
gas between two oppositely-charged 
elements, one being a wire known as 
the “discharge electrode” and the 
other a plate or “collecting elec- 
trode.” With proper conditions of 
electrical potential and velocity of 
the air or gas, the dust will be pre- 
cipitated on the collecting electrode, 
and the air or gas will pass through 
unaffected. The precipitation appa- 
ratus consists of a number of wire 
electrodes and plates, together with 


One type of standard unit con- 
struction in the Cottrell electrical 
precipitation process. 


As the dust-laden air passes through 
this equipment the dust is deposited 
on the “plate” electrode as described 
in the text. A high-potential, uni- 
directional current of approximately 
30,000 to 50,000 volts causes this 
precipitation. The dust or other ma- 
terial is collected in hoppers at the 
bottom and drawn off by a screw 
conveyor. 
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the electrical equipment to produce 
the high potential discharge re- 
quired. The electrical equipment 
consists of a small switchboard, a 
synchronous motor and mechanical 
rectifier, and a transformer; these 
produce a unidirectional current at 
an operating voltage of 30,000 volts 
or more. The potential is main- 
tained on the precipitator or col- 
lector at a voltage at which there is 
a “corona” or silent electrical dis- 
charge from the wire to plate and 
below the point where there would 
be a disruptive or arc discharge be- 
tween the wire and plate. 

This equipment is built in units so 
that at intervals, determined by the 
amount of dust collected on the plate, 
the power and the flow of air may be 
cut off from one unit automatically 
and the plate cleaned by mechanical- 
ly jarring or vibrating the electrode. 
The dust or other material falls into 
hoppers and is drawn off as desired 
by screw conveyors or other means. 
The automatic damper control, pow- 
er switching and electrode cleaning 
devices are interlocked and synchro- 


_ nized. 


Where the problem involves elim- 
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ination of a dust nuisance the effi- 
ciency of operation is so adjusted 
that the nuisance will be reduced to 
a minimum consistent with economy 
of operation. 


For some work standardized units 
may be used. One of these is shown 
in an illustration on this page. The 
capacity of the units depends upon 
the efficiency of removal desired. 
When operated at 90 per cent effi- 
ciency, for example, a much larger 
quantity of air may be handled than 
if 99 per cent efficiency is desired. 
For larger volumes additional units 
may be added either in series, in 
parallel, or in series-parellel. Elec- 
trical power consumption of two 
such standard units is approximate- 
ly 1.5 kw. But little attention need 
be given to this equipment, other 
than occasional inspection of the 
electrical equipment and periodical 
cleaning and attention to the precip- 
itator. There is very little wear on 
the precipitator parts from the abra- 
sive action of fine dust. For this 
reason, the depreciation on the equip- 
ment as a whole is small. Also, but 
little back pressure, and that is uni- 
form, is created by this apparatus. 

The efficiency is independent of 
the dust content of the gases. If the 
air or gas cpntains constituents 
which are corrosive, special mate- 
rials can be used in the construction 
of the equipment. Where food prod- 
ucts are recovered, not only are spe- 
cial materials used, but provision is 
made to cleanse and sterilize the ap- 
paratus. Bacteria are destroyed by 
this process of removing dust and 
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In this case combination wet and 
dry separators are used so that no 
dust escapes. 


This type of dust collector is used 
in connection with dryers handling 
crushed clay or limestone. Here a 
fan drives the waste gases from the 
closed dryer stack and blows them 

„to the cyclone separator in which 
the greater part of the dust is 
settled in a dry condition. The re- 
mainder, consisting mostly of fine 
dust particles, is delivered from the 
cyclone separator to the wet cen- 
trifugal separator which is here 
placed on top of the dry separator. 
In this wet separator the air is 
forced to travel in several alternat- 
ing directions and passes through 
several fine water mists produced 
by special spraying nozzles. By this 
treatment the dust is softened and 
then precipitated by centrifugal 
force, thus rendering the escaping 
air practically dustless. This pro- 
cess is also used with other types 
of rotary kilns such as in cement 
plants and also with coal dryers. 
Combination wet and dry separators 
are often used where it is desired 
to recover as much of the dust as 
possible (dry) and also prevent (by 
the wet process) any fine dust from 
being discharged into the atmo- 
sphere. 


particles. It is believed that they are 
killed by the corona. 

The electrical precipitation pro- 
cess is used for the recovery of cop- 
per, lead, tin, zinc, silver, gold and 
other metals carried away in the 
fumes and dust from sintering ma- 
chines, reverberatory and blast fur- 
naces, converters, roasters, dryers 
and other metallurgical equipment. 
Also, as previously mentioned, it is 
widely used for the precipitation of 
acids and other chemical liquids. 
The electrical process is also used to 
remove smoke, soot and ashes from 
boiler plants, gases from engine 
roundhouses where such discharge 
would be especially objectionable in 
the city, and in the removal of solid 
particles from blast furnace gas be- 


This dry-type separator is known as a balloon screen 


dust arrester. 


The screen bags expand like a balloon under pressure, 
the upper right-hand corner, and the 
whole area is thus made use of for filtering purposes. 
When the pressure falls the bags go back to their 
original position and shake off the dust. 


as shown in 
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fore its use in engines or furnaces. 


This process has also been used. 


for cleaning air from foundries, and 
machine rooms, for the precipitation 
of slate dust from crushing opera- 
tions, to deposit potash from cement 
kilns and in many other similar pro- 
cesses. Where the dust has a value 
such precipitation in many cases 
more than pays for itself. This pro- 
cess, of course, requires the use of 
a fan and ducts to carry the air from 
the process and through the precip- 
itator, the same as any other filtra- 
tion process. 

Because even atmospheric air con- 
tains a considerable amount of dust, 
under normal industrial conditions, 
it is frequently necessary to remove 
this dust before the air can be used 
in processes or in connection with 
equipment. This also is a problem 
common to a large number of indus- 
tries. For removing this dust, wet 
or dry filters may be used, as was 
the case in filtering outgoing air. 


d 
< 
z 
4 
o 
J 
L 


Desv Lavan A'R, 


S 


‘ITION Wata 
OPERATING 


Invert 
CONNECTION 
From SAND 
HCA Clean 
ING EQuiPment 


There is still another type of filter 
that is very frequently used for this 
purpose, but has not been described. 
This consists of a number of cells 
or filter units in the form of a shal- 
low steel box having perforated 
sheet metal covers in the front and 
back and filled with special filter ma- 
terial. These filter materials may be 
special filter sheets, filter bodies, or 
a combination of both, depending 
upon the purpose of the filter. All 
the surfaces exposed to the passing 
air are covered with a thin film 
formed by dipping the unit into a 
non - evaporating, non -inflammable 
viscous and adhesive solution. The 
dust particles in the air are depos- 
ited upon this adhesive solution as 
the air passes through the filter ma- 
terial. The sections or cells are 
cleaned by dipping them in a solu- 
tion which dissolves the viscous ma- 
terial which has caught the dust and 
washes the dust away with it. The 
filter unit is then dipped into a fresh 
viscous solution, allowed to drain 
and is again ready for use. A few 
spare units are kept on hand to be 
inserted when units are removed for 
cleaning. The cleaned unit then be- 
comes a spare. The length of time 
between each cleaning depends upon 
the amount of dust handled. Some 
of these filter installations and the 
method of cleaning are shown in 
accompanying illustrations. Each of 
these is rated at a stated capacity. 

In any installation it is merely a 
problem of providing enough filter 
units to handle the required volume 
of air. This type of filter may be 
used as well for handling outgoing 
air, although in general it is not 
necessary to remove as high a per- 
centage of dust as it is capable of 
doing. A very common use of these 
filters is in connection with the inlet 
of air compressors. Removing solid 
material from the air prevents scor- 
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One of the steps in cleaning a sec- 
tional filter unit. 


A unit is cleaned by dipping it into 
a solution which dissolves the vis- 
cous material, which catches the 
dust, from the surfaces in the filter 
unit. This also washes the dust 
away. The clean unit is then dipped 
in a fresh viscous solution. After 
draining, as shown here, it is set 
away to use as a spare at the next 
cleaning’ period. 


ing of air cylinders and so increases 
the life of the compressor. In addi- 
tion, if the dust is removed from the 
air, there is less danger of it get- 
ting into tools, such as air drills 
and hammers, and interfering with 
their operation. Filtering is also de- 
sirable where compressed air is used 
in a process, such as, for agitating 
or aerating liquids. This type of dry 
filter is frequently used where it is 
not desired to add any moisture to 
the air. 

Another point to be emphasized in 


Two types of dry filters frequently used. 
The filter below is a combination of the special unit-type 


and thus removes any deposit on the inside surface. 


filter, which makes use of a viscous substance on the filter 
material to retain the dust. Here, in addition, bags with Ge 
special dust collecting surfaces are inserted behind each —! 
unit. The bag filter at the right is operated under pres- mba ope Se 
sure and may be used where it is desirable to save the 
dust. The dust-laden air is drawn into steel cylinders 
or chambers containing 12 closely-woven cloth bags or 
sleeves. During the cleaning process the air is reversed 
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connection with all dust removal 
problems is that more attention 
should be placed upon collecting the 
dust before it has escaped into the 
room. It is well to give much atten- 
tion to the attaching of the duct 
systems and enclosing construction 
because to do so will assist mate- 
rially in reducing the amount of 
dust escaping. In modern systems, 
the machines and conveyors are con- 
nected to the exhaust fans in such 
a way that the dust is removed at 
the point where it originates. 

The preceding articles of this 
series on materials which are han- 
dled by air have so far covered only 
light dust, fumes and other products 
which float to a certain extent in air. 
However, air is used to a consider- 
able extent to carry much heavier 
materials. One of the most common 
of these is shavings. In addition, air 
is also used to carry wool, cotton 
and many solids in a pulverized and 
semi-pulverized form. The use of air 
for this purpose will be discussed in 
a later article. 


EDITOR’S Nore: Special acknowledg- 
ment is made to the following compa- 
nies for assistance in furnishing in- 
formation, data and illustrations for 
this and other articles which are ap- 
pearing in this series: The Air Condi- 
tioning & Engineering Co., St. Louis, 
Mo.; Allen & Billmyre Co., Inc., New 
York City; American Blower Co., De- 
troit, Mich.; Autovent Fan & Blower 
Co., Chicago, Ill.; E. B. Badger & Sons 
Co., Boston, Mass.; Bentz Engineering 
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ront view 
air filter 


tional filters to clean the air circu- 
lated through a generator. 

It is quite frequently necessary to 
circulate air through large gener- 
ators and other electrical equipment 
to keep it cool. Unless this air is 
first cleaned and freed from dust 
and lint, much of the dust would be 
deposited upon the windings and 
form a potential source of trouble. 


Corp., Newark, N. J.; Buffalo. Forge 
Co., Buffalo, N. Y.; Carrier Air Con- 
ditioning Co. of America, Buffalo, 
N. Y.; Carrier Engineering Corp., 
Newark, N. J.; The Clarage Fan Co., 
Kalamazoo, Mich.; The Cooling Tower 
Co., Inc., New York City; The Dust 
Recovering & Conveying Co., Cleveland, 
Ohio; General Electric Co., Schenec- 
tady, N. Y.; Globe Ventilator Co., Troy, 
N. Y.; Green Equipment Corp., Chi- 
cago, Ill.; Holly Pneumatic Systems, 
Inc., New Vork. City; Ilg Electric Ven- 
tilating Co., Chicago, III.; The MacLeod 
Co., Cineinnati, Ohio; The Martindale 
Electric Co., Cleveland, Ohio; Mellish- 
Hayward Co., Chicago, III.; Midwest 
Air Filters, Inc., New York City; 
D. J. Murray Mfg. Co., Wausau, Wis.; 
The Northern Blower Co., Cleveland, 
Ohio; Research Corp., Chicago, III.; 
Reed Air Filter Co., Inc., Louisville, 
Ky.; Spray Engineering Co., Boston, 
Mass.; B. F. Sturtevant Co., Boston, 
Mass.; The Temco Electric Motor Co., 
Leipsic, Ohio. 
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USEFULNESS AND reliability of any 
piece of electrical equipment depend to 

a large. extent on the skill and care with 
which it is installed and the attention that 
it receives while in service. Some types of 
equipment naturally require more care 
than others, but continued neglect of any 
kind of equipment is certain to cause trou- 
ble sooner or later. Oil circuit breakers 
and switching equipment in general are by 
no means exceptions to this general rule. 
Instructions given in this article have been 
prepared to bring to the attention of 
operating and maintenance engineers the 
points that should be given especial atten- 
tion while this equipment is being in- 
stalled and after it is in operation. 


Electric Power Club 
Instructions for 


Installing 
Oil Circuit 
Breakers 


And Power Switching 
Equipment With Pointers 
on the Care and Opera- 
tion Thereof 


presented instructions which 

have recently been prepared by 
The Electric Power Club for the in- 
stallation, operation and mainte- 
nance of power switchboards. Simi- 
lar instructions which have been 
prepared to cover the installation, 
operation and care of oil circuit 
breakers and power switching equip- 
ment are given in this article. 

The Electric Power Club is an 
association of manufacturers of elec- 
tric power apparatus and control 
equipment, which was organized to 
devise standards of practice and 
construction in the design and ap- 
plication of electrical equipment, and 
to promote advancements in the 
production and use of such equip- 
ment. 

In the introduction to the instruc- 
tions mentioned above, this comment 
is made: 

“Oil circuit breakers require a 
considerable amount of intelligent 
care and inspection to insure their 
functioning properly at all times. 

“Other power switching equip- 
ment requires less care, after it has 
been correctly installed, than most 
types of electrical apparatus, but 


È THE July issue, there were 
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neglect of certain fundamental re- 
quirements may lead to serious 
trouble.” 

These instructions are as follows: 


STORAGE 


When an oil circuit breaker can be 
set up immediately in its permanent 
location and filled with ail, it is ad- 
visable to do so, even though it will 
not be placed in service for some 
time. The tank should be cleaned 
and dried before it is filled with oil. 

If the breaker cannot be installed 
in the proper location immediately, 
and it is necessary to store the 
equipment, it should be kept in a 
clean, dry place. It must not be ex- 
posed to dirt, to the action of corros- 


ive gases, such as chlorine, or to 


possible mechanical injury. 

If stored outdoors, the breaker 
must be thoroughly covered to pro- 
tect it from the weather. 

Machined parts of operating mech- 
anisms, etc., should be slushed to 
prevent rusting; and if the breaker 
is stored for any length of time, they 


should be inspected periodically to 


see that rusting has not started and 
to insure their good mechanical 
condition. 
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This shows one of the power switch- 
boards in a large tire factory. In or- 
der to save space, which was limited, 
the circuit breakers were mounted 
back-to-back. This made it possible to 
put eleven oil circuit breakers on six 
panels. Note the rigid mounting of 
the double-deck bus, on the pipe 
framework. The circuit breakers oper- 
ate at 440 volts and range in capacity 
from 600 to 1,200 amp. Courtesy of 
Electrical Engineers Equipment Co., 
Chicago, III. 


Particular care should be taken to 
protect insulating parts, which might 
absorb moisture. It is desirable 
that these parts be stored in a dry 
room. 


LOCATION 


The circuit breaker should be 
placed in a clean, dry place free from 
the destructive action of acids, 
alkalies or gases, such as chlorine, 
and where good ventilation can be 
secured. 

The breaker should be so located 
that it will be readily accessible for 
cleaning and inspection. Sufficient 
space must be provided for the easy 
removal of the oil tanks. 

The instructions sent by the man- 
ufacturer should be carefully 
studied and followed in order to 
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secure the best results. It is here 
impossible to cover in detail the com- 
plete rules for installation of each 
of the different types of oil circuit 
breakers manufactured, but the fol- 
lowing information is given relative 
to the most important points to be 
considered: 
MOUNTING 


On Slate Panels—When an oil 
circuit breaker is mounted on a 
slate panel, do not over tighten the 
holding bolts and nuts supporting 
the breaker, as unnecessary strains 
may crack the slate. 

On Framework.—lIf the oil circuit 
breaker has been shipped assembled 
in its framework, it will only be 
necessary to correctly locate and 
fasten the frame in position on its 
foundation. The foundation bolts 
should be left loose to permit the 
frame to be properly plumbed and 
leveled by inserting shims under 
floor flanges (or feet of frames) 
where necessary. After this has 
been done, the foundation bolts 
should be tightened and the frame 
securely fastened to its foundation. 

The manufacturer’s instructions 
should be carefully followed in re- 
gard to properly getting up a frame- 
mounted breaker shipped partly dis- 
assembled. The procedure is: 

(1) Set up and properly level the 


frames. ; 
(2) Carefully install the units on the 


framework, making sure they are level. 
(3) Connect the operating mechan- 


isms. 
(4) Inspect contacts and adjust (if 
necessary) as per instructions sent 


with the breaker. 

Floor Mounted.—Each tank should 
be placed in position on the floor and 
leveled. It should not be fastened 
securely to its foundation until the 
current breaker mechanism has been 
correctly aligned. 

The manufacturer’s instructions 
should be followed very carefully, 
making sure of the following points: 

(1) Carefully install the units on the 
foundation, making sure they are level. 

(2) Connect the operating mechan- 
isms so they will work freely as per 
instructions. 

(3) Inspect contacts and adjust, if 
necessary, as per instructions sent with 
the breaker. 

Bushings.—The bushings (insu- 
lators) must not be allowed to strike 
against parts of the framework, 
panel or other objects, when install- 
ing or handling the breaker. Bush- 
ings are often broken, cracked or 
loosened in their supports by un- 
necessary jars due to careless 
handling. 

Where heavy bushings have to be 
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mounted in position by the pur- 
chaser, a rope sling will be found 
convenient for proper handling. The 
bushing must be lowered into place 
very carefully without letting the 
porcelain petticoating strike the 
sides of the framework, etc., as this 
may crack or otherwise injure the 


- bushing. 


In the case of high-voltage bush- 
ings which must be filled with oil, 
the drain plug in the casting at the 


Here is a well-planned installation 


of circuit breakers. 

This is a 440-volt, three-phase, 00- 
cycle installation. The advantages 
of pipe framework as a mounting 
structure are clearly apparent in 
this and some of the other illustra- 
tions. Note how the buses are 
mounted on pipe supported at the 
top of this and another similar 
board, part of which can be seen at 
the entreme right of this illustra- 
tion. Courtesy of Condit Electrical 
Mfg. Co., Boston, Mass. 
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lower end of the bushing should be 
inspected to see that it is tight; 


otherwise the bushing will leak oil. 


Operating Mechanisms.—As_ the 
proper alignment of the links, pins, 
etc., of the operating mechanisms is 
essential to the proper operation of 
the oil circuit breaker, these should 
be carefully checked and the manu- 
facturer’s instructions followed ex- 
plicitly. A breaker must not be 
operated until a thorough inspection 
is made of the mechanism. 

For large, triple-pole breakers, the 
connecting rods or couplings between 
units must be aligned before satis- 
factory operation is possible. The 
connecting rods or couplings must be 
adjusted so that, in closing the 
breaker, the contacts of each unit are 
made at the same instant and in 
opening the breaker, the contacts of 
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each unit break at the same instant. 
Contacts.—Contacts should be ad- 
justed in strict accordance with the 


manufacturer’s instructions sent 
with the individual oil circuit 
breaker. : 


Before opening or closing the con- 
tacts they should be coated with 
vaseline. (In most cases this is done 
by the manufacturer before ship- 
ment. ) 

Manually-Operated Oil Circuit 
Breakers.—If the lever, handle or 
crank has not been connected to the 
operating mechanism by the manu- 
facturer for operating the breaker 
manually, this should be done, mak- 
ing sure that all parts (shafts, pins, 
etc.) are properly lined up as per 
the manufacturer’s instructions. Be- 
fore attempting to bend or force 
parts together when installing, the 
manufacturer’s instructions should 
be referred to to see if they have 
been explicitly followed. Much time 
and trouble may be saved by avoid- 
ing too hasty action. 

Electrically-Operated Oil Circuit 
Breakers.—The connecting links, 
shafting, etc., between the breaker 
operating mechanism and the mech- 
anism (solenoid, motor or other de- 
vice) supplied for electrical opera- 
tion, must all be carefully aligned. 
The breaker should be slowly oper- 
ated by hand before it is operated 
electrically. The operation should 
be observed to see that it is smooth 
throughout the closing and opening 
of the breaker, that no binding oc- 
curs, and that no excessive play is 
noticeable between parts. 


SAMPLING AND TESTING OIL 


When sampling oil the sample con- 
tainer should be a large mouthed 
glass bottle. The bottle should be 
cleaned and dried with gasoline, free 
from moisture before it is used. A 
cork stopper should be used. 

The sample of oil for dielectric 
tests should be at least 1 pt. (16 oz.) 
and if a number of tests are to be 
made, 1 qt. (32 oz.). 

Test samples should be taken only 
after the oil has settled for some 
time, varying from 8 hr. for a bar- 
rel to several days for a large oil 
circuit breaker tank. Cold oil is 
much slower in settling and may 
hardly settle at all. Oil samples from 
large oil circuit breakers should be 
taken from the valve at the bottom 
of the tank. Oil samples from small 
oil circuit breakers which have no 
valves, and from barrels, should be 
taken from the bottom. A brass or 
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glass “thief” can be conveniently 
used for this purpose. The same 
method should be used for cleaning 
the “thief” as is used for cleaning 
the container for the oil sample. 


This shows how to hold the “thief” 
for taking samples of oil from 


small oil circuit breakers. 

The oil tank should be lowered and 
the sample taken at a point about 
half-way between the closed con- 


is removed the oil will flow into the 
thief. e upper end should again 
be closed with the finger, after 
which the thief may be withdrawn 
from the oil and the sample depos- 
ited in any suitable container. Cour- 
tesy of General Electric Co., Sche- 
nectady, N. Y 


When drawing samples from the 
bottom of a large oil circuit breaker 


or large tank, sufficient oil must first 


be drawn off to make sure that the 
sample will be composed of oil from 
the bottom of the tank, and not from 
the oil stored in the sampling pipe. 
A glass receptacle is desirable so if 
water is present, it may be readily 
observed. If moisture is found, an 
investigation of the cause should be 
made and a remedy applied. If 
water is not present in sufficient 
quantity to settle out, the oil may 
still contain considerable moisture in 
a suspended state. It should be test- 
ed for dielectric strength. 

In testing oil for dielectric 
strength, some standard device for 
oil testing should be used. The 
standard oil testing spark gap has 
disk terminals 1 in. in diameter 
spaced 0.1 in. apart. The testing cup 
should be cleaned thoroughly to re- 
move any particles of cotton fibre, 
etc., and rinsed out with a portion 
of the oil to be tested. 
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The spark gap receptacle (cup) 
should be nearly filled with oil and 
allowed to stand for a few minutes 
to give air bubbles time to escape 
before making the test. 

The rate of increase in voltage 
should be about 3,000 volts per sec- 
ond. Five breakdowns shall be made 
on each filling and then the recep- 
tacle emptied and refilled with fresh 
oil from the original sample. The 
average voltage of 15 tests (5 tests 
on each of 8 fillings) is usually taken 
as the dielectric strength of the oil. 
It is recommended that the test be 
continued until the mean of the 
averages of at least three fillings is 
consistent. 

The dielectric strength of the oil 
when shipped is at least 22,000 volts 
tested in the standard gap. If the 
dielectric strength of the oil in an 
oil circuit breaker in service tests 
at less than 16,500 volts, it should 
be filtered. New oil of less than the 
standard dielectric strength (22,000 
volts) should not be put in the oil 
circuit breaker tank. 

Drying.— In removing moisture 
from the oil, it is preferable to filter 
from one tank or barrel and dis- 
charge into another, although if nec- 
essary, it may be drawn from the 
bottom of a tank or barrel.and dis- 
charged at the top. When there is 
much water in the oil, it should be 
allowed to settle; then the moisture 
should be drawn off and any mois- 
ture remaining treated separately. 

Filling Tanks.—Before the oil cir- 
cuit breaker is filled with oil, all ac- 
cessories, such as valves and gages | 
must be fitted to the breaker and 
made oil tight. The threads should 
be filled with shellac before putting 
in place. 

When drums of oil are brought 
into a room warmer than they are, 
they should be allowed to stand be- 
fore opening until there is no con- 
densation on the outside and until 
they are thoroughly dry. If the in- 
stallation is outdoors, the prepara- 
tion and filling of the breaker tank 
should be done on a clear, dry day 
or protection of some kind provided 
against moisture being absorbed by 
the oil during the filling process. 

Metal hose must be used instead 
of rubber hose, because oil dissolves 
the sulphur in rubber and may cause 
trouble, as sulphur attacks copper. 

It is very important that the sur- 
face of the oil when cold (25 deg. 
C.) be at the proper oil level indi- 
cated by the gage or marking on 
the tank. 
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Before making any electrical con- 
nections every precaution must be 
taken to see that all leads to be con- 
nected to the oil circuit breaker are 
dead. 

Leads should be brought down 
from above the circuit breaker if 
possible. Ample room must be pro- 
vided between these leads and parts 
of the station, such as walls, chan- 
nels and framework. 

All terminals must be fastened se- 
curely to the leads and tightly 
clamped to the connection studs. 

Connections to the breaker are 
made by copper tube terminals or 
connection bars fastened to the end 
of the bushing. When tightening 
the terminal or clamp bolts, care 
must be taken not to turn the stud 
in the bushing (insulator). 

All joints must be clean, bright 
and free from dents or burrs. 

All nuts on the current-carrying 
stud must be securely bolted against 
the terminal lugs to obtain good con- 
tact. The nut should turn freely on 
the stud. If the nut does not turn 
freely it should not be forced down 
with a wrench, but should be tapped 
lightly on its outer surfaces with a 
hammer and at the same time turned 
by hand. A nut that cannot be 
worked down in this manner will 
ruin the thread if any attempt is 
made to force it. If the joints are 
not made correctly, dangerous heat- 
ing of the breaker may result. 

Cables should be properly sup- 
ported so that the breaker is not sub- 
jected to unnecessary strains. The 
studs should not carry cable or bus 
bar strains. Any strain which at 
first has no apparent effect on the 
stud alignment will in time force the 
studs to take up a new alignment, 
due to vibration during the opening 
and closing of the oil circuit breaker 
and poor contact may result. 

To avoid heating, the connecting 
leads must be of a current-carrying 
capacity at least equal to that of the 
current-carrying part of the breaker. 

To prevent weakening of the insu- 
lation as much as possible, sharp 
turns, corners and edges should be 
avoided, for insulated wiring. The 
radius of bends for rubber-covered, 
varnished-cambric or _ lead-covered 
cable should be never less than six 
times the outside diameter of the 
cable. With small braided conduct- 
ors, the radius of bends may be 
five times the outside diameter of the 
cable. 

Control Wiring.—All control wires 
should be run in conduit in so far 
as is practicable. 
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Control wires must be run sepa- 
rately and remote from high-tension 
leads and must not be run in the 
same duct or even run parallel to 
the high-tension leads unless the dis- 
tance separating the two sets of wir- 
ing is sufficient to prevent possible 
communication between them as a 
result of short-circuits. 

The control wiring should be so 
installed that trouble on one oil cir- 
cuit breaker cannot be communi- 
cated to the control wiring of an- 
other breaker. 

Ground Connections.—The frame 
of each unit of an oil circuit breaker 
should be permanently grounded. 
Usual practice is to connect a heavy 
cable to the frame and to the ground. 

A good, permanent, low-resistance 
ground is essential for adequate pro- 
tection. A poor ground may be 
worse than no ground at all, since 


Accessibility for inspection and 
maintenance was well taken care 
of in this 440-volt installation. 


The method of mounting the circuit 
breakers, buses, and so on, on the 
pipe framework is well shown here. 
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it gives a false feeling of safety to 
those working around the equipment 
and also may result in ultimate loss 
of life or damage to the apparatus. 


AUXILIARIES 


Protectwe and Alarm Relays.— 
Relays supplied in connection with 
the proper operation (for tripping, 
sounding an alarm, etc.) of oil cir- 
cuit breakers should be wired up in 
accordance with the connection dia- 
grams furnished by the manufac- 
turer. As these relays are rather 
delicate mechanisms, because of the 
close regulation they provide, fre- 
quent inspection of the relays should 
be made. Operating tests under ac- 
tual conditions are necessary and 
both mechanical and electrical per- 
formances should be noted. The re- 
lays must be kept free from dust 
and dirt and the settings should be 
inspected periodically to prevent the 
operator from abusing the equip- 
ment by defeating some of the pro- 
tective or operating features of the 
apparatus. 

Relays should be adjusted only 
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within limits determined by the 
manufacturer. If observance of this 
does not provide operation essential 
to the application, the manufacturer 
should be consulted. The instruc- 
tions supplied with the relays should 
be carefully followed. 

Dashpots.—Oil dashpots should be 
examined periodically to see that 
they are properly filled with suit- 
able oil, in accordance with the 
manufacturer’s instructions. By- 
passes and check valves should be 
examined and cleared. Dirty oil 
should be replaced. Substitution of 
oils other than specified or furnished 
by the manufacturer should be 
avoided and only in extreme emer- 
gencies should this be done, and then 
only by authorized and competent 
persons. If it is necessary to sup- 
ply oil temporarily for dashpots, oil 
should be chosen that will not be- 
come thick at the lowest temperature 
to which it will be subjected. Ice 
machine oil is suitable for this tem- 
porary use. Clean oil- having the 
proper characteristics is essential for 
correct operation. 

Tripping Coils (Automatic Oper- 
ation).—Tripping coils used in the 
secondary of instrument current 
transformers are calibrated in sec- 
ondary current values, which, when 
multiplied by the ratio of the trans- 
former used, give the corresponding 
primary or line current values. The 
markings on the calibrating tubes 
represent the ampere values required 
to lift the plunger and trip the oil 
circuit breaker. 

Tripping coils used in the sec- 
ondary side of bushing current 
transformers are calibrated in pri- 
mary current values and the mark- 
ings on the calibrated tubes repre- 
sent the secondary current values re- 
quired to trip the breaker. 

Undervoltage (Low Voltage) Re- 
lease.—The proper holding and re- 
leasing action of undervoltage coils 
and mechanisms is dependent upon 
both mechanical adjustment and up- 
on the application of the voltage 
(and frequency for alternating-cur- 
rent systems) specified on the name- 
plate. These devices should be in- 
spected periodically to insure that 
their operation is not too violent, 
causing unnecessary strains to be 
placed on them. 

Alternating-current release mech- 
anisms should be examined period- 
ically to see that the iron circuit 
is properly sealed and that the pole 
pieces are cleaned of rust and that 
they make a true, flat contact. Care 
on this point will prevent or lessen 
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Points That Need Special Attention 
During Inspection of Oil Circuit Breakers 


(1) Be sure the breaker and its 
mechanism are disconnected 
from all electric power, both 
high voltage and operating 
current, before inspecting or 
repairing. 

Inspect the operating mech- 
anism periodically and lubri- 
cate all bearing surfaces of 
the mechanism regularly with 
a good quality of sperm. 
Keep the bearing surfaces of 
the toggles, rods and levers 
adequately oiled, as the mech- 
anism cannot operate prop- 
erly with “sticky” bearings. 
Keep the mechanism clean. 


Examine the contacts fre- 
quently. See that they are 
aligned and that contact sur- 
faces bear with firm, uniform 
pressure. Replace badly pit- 
ted or burned contacts before 
they are burned away suffi- 
ciently to cause damage to 
other parts of the apparatus. 
If the contact surfaces are 
only roughened, they may be 

- smoothed down with a fine 
file or fine emery cloth. 


Be sure the breaker is dead 
before lowering and removing 
the tank in order to exam- 
ine the contacts. 


Be sure the breaker frame is 
well grounded. - 


See that bolts, nuts, wash- 
ers, cotter pins and all ter- 
minal connections are in place 
and tight. 

Inspect the bushing (insu- 
lator) supports, as the vibra- 
tion due to the operation of 


(2) 


(3) 


(4) 
(5) 


(6) 


(7) 
(8) 


(9) 


the breaker may cause the 
bushings to move slightly and 
result in misalignment of 
contacts. 


Clean the bushings at reg- 
ular intervals where abnormal 
conditions prevail, such as 
salt deposits, cement dust or 
acid, fumes, to avoid flash- 
overs as a result of the ac- 
cumulation of foreign sub- 
stances on their surfaces. 


See that the oil isa kept at 
the proper level in the tank 
(or tanks) and that the proper 
dielectric strength of the oil 
is maintained. (See instruc- 
tions on page 375 for test- 
ing oil.) Add new oil occa- 
sionally to replace the slight 
evaporation. 


Change or filter the oil every 
six months (or more often 
for heavy service). 


Filter the oil after successive 
openings under load (short- 
circuit, etc.) if it shows signs 
of carbonization, or if the 
dielectric strength is lowered 
because of dirt or suspended 
matter therein. Test the oil 
before replacing it in the 
tank. Carbonization is indi- 
cated by a flaky, black precip- 
itate which floats in the oil 
when disturbed. 

Do not allow moisture to 
come in contact with the oil 
when filtering. 

Remove all oil once a year 
and thoroughly clean the 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


tank (or tanks) and other 
parts (lining, etc.) 


humming and failure of coils from 
excessive current due to open iron 
circuits. 

When undervoltage devices are 
supplied for use in series with re- 
sistors, the connections should be 
carefully checked before full voltage 
is thrown across the operating coils. 

After an oil circuit breaker has 
been installed with all mechanical 
and electrical connections completed, 
the following inspections and tests 
should be made: 


(1) See that the breaker is properly 
set up and leveled on its support- 
ing structure (panel, pipes, struc- 
tural iron or steel frame, etc.) 

See that all bearing surfaces of the 
operating mechanism have been lu- 
bricated. 

Close the breaker slowly by hand 
(when it is dead) noting that the 
operating rod (or rods) and con- 
tacts are properly adjusted for cor- 
rect alignment. Good contact should 
be made with the breaker closed. 
See that the tanks are filled with 
oil to the proper level (oil line or 
gauge.) 

Inspect all insulated wiring to see 
that no damage has resulted dur- 
ing the process of installing it. 


(2 


— 


(3 


— 


(4 


— 


(5 


— 


(6) Test the wiring for possible 
grounds or short eircuits. 

(7) See that all current-carrying parts 
outside the oil tanks are correctly 
insulated in accordance with stand- 
ard practice. 

(8) See that all joints, whether bolted 
joints of copper bars, or soldered 
(or clamped) joints made with 
wires or cables, are made correctly. 

Electrically Operated Oil Circuit 
Breakers.—Electrically operated oil 
circuit breakers should be operated 
manually (by hand) first, noting 
that all parts move freely and with- 
out binding. After careful inspec- 
tion has shown all parts to be in 
proper working order during the 
manual operation, the breaker may 
be operated electrically at normal 
operating voltage. 

The safety and successful func- 
tioning of connected apparatus de- 
pend upon the proper operation of 
the oil circuit breaker. Therefore, 
the circuit breaker must have reg- 
ular, systematic care and inspection. 
The points that require especial at- 
tention during the inspection of oil 
circuit breakers are given above. 


* 
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Electrically Operated Oil Circuit 
Breakers.—At all inspections the oil 
circuit breaker should be operated 
by hand to see that the mechanism 
works smoothly and correctly before 
it is operated electrically. 

A breaker should not be operated 
electrically, with the oil tanks re- 
moved, any more than is absolutely 
necessary. 

It is again strongly urged that the 
manufacturer’s instructions for each 
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oil circuit breaker be carefully rea 
and followed. 

It is recommended that sufficient 
spare parts be carried in stock to 
enable the operators of oil circuit 
breakers to promptly replace any 
worn, broken or damaged parts. It 
will be readily appreciated that a 
stock of parts reduces delays in serv- 
ice and saves time and expense. The 
manufacturer will advise the pur- 
chaser upon request. 


Power Switching Equipment 


Power switching equipment, as 
the term is used here, includes the 
following devices: 

Bus supports 

Single-pole, hook, stick-operated 
switches 

Gang-operated disconnecting switches 
and mechanisms 

Air-break, horn gap switches and mech- 
anisms 

Choke coils 

i fusible cutouts and mountings 
Fusible cutouts, resistors and mount- 

ings for potential transformers 
Conductor fittings 
Mounting structures 


. HANDLING 


Upon arrival at destination, truck- 
ing and handling should be done 
with due regard to the fact that 
porcelain is used in practically all 
switching equipment and that it is 
easily broken. 

All switching equipment should be 
properly stored to protect it. 


INSTRUCTIONS FOR ASSEMBLY 


As it is the manufacturer’s desire 
that equipment give the most satis- 
factory results, instructions for as- 
sembly or drawings showing con- 
struction details should be followed. 

Alignment.—Switching equipment 
should be carefully lined up on the 
supporting structure, care being 
taken to see that the structure sur- 
face on which the bases are mount- 
ed is flat and true, otherwise, the 
bases may be twisted when bolted to 
the structure. This will throw parts 
out of line and throw undue strain 
on the insulating units with result- 
ant difficulties in operation and 
proper contact alignment. 

Rigidity.—All switching equip- 
ment should be rigidly bolted in 
place and the supporting structure 
should be sufficiently stiff so that it 
will not spring or give to the extent 
that it interferes with proper oper- 
ation of the equipment. 

Rigging and Handling.—When 


handling switching equipment for 
erection, it is recommended that it 
be fully assembled and adjusted be- 
fore placing it in position in so far 
as the size of the equipment will 


permit, as this will facilitate final 


adjustments. 
Rigging which is used for erect- 
ing the equipment should be attached 


Simplicity and neatness character- 
ize this 440-volt, nime-panel, power 
switchboard, of which a rear view 
is shown here. 


These oil switches operate at 440- 
volts, three-phase. 


A * 
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to the bases and not to the insulator 
units, contacts or operating parts 
which might be injured. All such 
parts should be kept clear of the rig- 
ging. When in place, adjustments 
should be made without weight or 
strain being placed on the insulators 
and current-carrying parts. 


PERSONAL SAFETY IN INSTALLATION 


The usual Safety First precau- 
tions should be carefully followed. 
When erecting switching equip- 
ment particular care should be given 
to the following: 
(1) Make absolutely sure that the line 
on which men are working or erect- 
ing equipment is dead. 


Protect the workers ` adequately 
from adjacent live parts by bar- 
riers, screens, etc. 


Follow the National Electrical 
Safety Code as well as local re- 
quirements. 


ERECTION OF SWITCHING EQUIPMENT 


Adequate means for handling 
switching equipment should be used. 
Attention should be given to the 
strength of rigging and the use of 
sufficient scaffolding to permit of 
erecting the equipment without sub- 
jecting the insulators and mechan- 
ical parts to strains which might 


(2) 


(3) 
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distort and interfere with the suc- 
cessful operation of the equipment. 

In addition to following the manu- 
facturer’s instructions carefully, it 
is recommended that the following 
points be considered. 

Placing Switches.—Hook stick 
operated switches should be so placed 
that they are safely accessible for 
operation by means of the hook stick 
and without causing the operator to 
get too near live parts, lines, buses 
or insulators. 

Cleaning Equipment.—After the 
switching equipment has been in- 
stalled and connections completed, it 
should be carefully gone over and 
cleaned. Special attention should be 
given to cleaning the insulator units, 
contacts and moving parts. 

Dead Ending.—Incoming or out- 
going lines or conductors on which 
there is any appreciable strain 
should be provided with adequate, 
strain-type insulating supports in 
order to remove from the switching 
equipment any undue strains which 
might cause poor contact or throw 
the equipment out of proper align- 
ment. 

Lines should be anchored to the 
structure or nearby poles or towers. 
If lines are anchored to the tower, 
they should be arranged to give di- 
rect strains without tendency to 
twist the tower and throw the bases 
of equipment out of line. 


If wood poles and wood cross arms 
are used for the lines, it is recom- 
mended in general that the insulat- 
ors on steel structures to which such 
lines are connected be provided with 
a higher factor of safety than the 
line insulators. Where steel poles 
or towers are used, this factor of 
safety is not so essential unless the 
station is subjected to fumes, smoke 
or other dirt. 

Conductors.—It is important that 
bus arrangements which make use 
of strain-type insulation be rigidly 
installed. Owing to the physical di- 
mensions of the structure, such con- 
ductors should be under sufficient 
strain to keep them from excessive 
swaying. 

Conductors should be run as near- 
ly as possible in straight lines and 
should be supported sufficiently to 
withstand the mechanical load and 
magnetic stresses. 


Expansion and contraction of con- 


ductors due to temperature changes 
may develop heavy stresses on the 
supporting insulators and connected 
equipment. In long, heavy bus struc- 
tures care should, therefore, be taken 
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to see that means are provided to 
allow for expansion. The impor- 
tance of this question depends upon 
the length of conductors and the 
possible temperature variation. 


Hun II 
This does not look like a tem- 


porary installation, but it is. 


Oftentimes “temporary installation“ 
is only another term for slip-shod 
workmanship, with little or no plan- 
ning back of it. This is not true of 
the installation shown above. The 
incoming lines carry three-phase 
power at 25,000 volts. As will be 
noted the disconnecting switches, 
which are provided with high-ten- 
sion fuses, are controlled by the 
lever on the pole, just above the 
fence. Suspension-type choke coils 
were used to good advantage here. 


The cantilever strength of con- 
ductor supports is becoming an in- 
creasingly important factor due to 
the weight of buses and electro-mag- 
netic stresses under short-circuit. 
For this reason the height of bus 
supports should be kept down to a 
minimum consistent with the full 
flashover value of the porcelain body. 

On alternating-current conductors 
the conductor clamps should not 
form a closed magnetic circuit 
around the conductor. 

Switching Equipment Connections. 
—Contacts should be clean and 
smooth. Excess strains should be 
carried by auxiliary supports. Sol- 
dered connections should be care- 
fully made to insure that the joint is 
completely filled with solder. It is 
recommended that soldered connec- 


379 


tions be relieved from undue mechan- 
ical strains. 

Ground Connect ions.—All switch- 
ing equipment should be grounded 
in accordance with the best accept- 
ed practice. (See National Elec- 
trical Safety Code requirements for 
grounding.) 

Steel frames or structures for sup- 
porting equipment should be ade- 
quately grounded at several points 
to guard against poor joints. 

All grounds for the switching 
equipment and structure should be 
independent of the lightning arrest- 
er ground. . 

Fusible Cutouts.—Primary fusible 
cutouts of the expulsion type should 
be provided with good clearance in 
the direction in which they blow and 
facilities should be provided for 
operating them without requiring 
the operator to get near the expul- 
sion end. 


MOUNTING STRUCTURE 


Location.—Consideration should 
be given to the location of the struc- 
ture relative to the question of 
smoke, dirt and fumes. It is desir- 
able to locate the structure in a place 
as free from such conditions as pos- 
sible as they may cause rapid deteri- 
oration of the conductors and con- 
tact joints, corrode parts, cause them 
to make imperfect contact and re- 
duce the flashover value of the insu-. 
lation. 

Foundations.—T he foundations 
should be carefully prepared and of 
sufficient size, depth and strength to 
adequately withstand all possible 
strains which the structure may be 
required to meet. 

Plumbing and Alignment.—lIt is 
important that the structure be care- 
fully plumbed and aligned, otherwise 
the equipment may not line up prop- 
erly and in addition to bad appear- 
ance might give difficulties in mount- 
ing and operating. 


INSPECTION 


It is important that after instal- 
lation and before placing in service 
the mounting structures and equip- 
ment be carefully inspected and 
checked with the manufacturer’s 
drawings. The following are sug- 
gested as details which should be 
carefully gone over: 


(1) Examine insulator units. 

(2) Examine contacts. 

(3) Examine switch locks. 

(4) Examine mechanisms, with refer- 
ence to operation, lubrication, and 
(Please turn to page 402) 
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Here Are Some 
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Practical Pointers 


And Winding Rules 


For D. C. Armatures That Show How to Use 


Winding Data and Will 


Help to Prevent Costly 


Mistakes in Rewinding and Connecting 


By A. C. ROE 


Renewal Parts Engineering Dept., Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 


D. H. BRAYMER 
Consulting Editor, Industrial Engineer, 


HIS article supplements those 
| that appeared in the June and 
July issues, dealing with the 
methods of taking and recording re- 
winding data, and the forms that are 
convenient to use in this connection. 
Actual illustrations are given to 
show how to apply the data recorded 
to a particular job in the shop. Ref- 
erences are made to illustrations 
that appeared in the June and July 
issues and it will be well to have 
these available when reading this 
article. 


WINDING RULES THAT GOVERN LAP 
WINDINGS 


A lap winding can have any num- 
ber of bars, even or odd, but as a 
general rule the total number of 
bars selected must make possible a 
balanced winding; that is, there 
should be an equal number of coils 
per circuit or leg, particularly on 
cross-connected armatures; this 
means the total number of bars will 
be a multiple of the number of poles, 
in cases where a balanced winding 
is desired. There are a number of 
cases, however, where an odd num- 
ber of coils can be used, so that 
there is no set rule as to the number 
of bars and coils that can be con- 
nected up into a lap winding. 

In a lap winding, left-hand or 
right-hand coils do not affect the 
polarity or rotation of the machine. 
A left-hand coil is one in which the 
top half of the coil is on the left- 
hand side when the coil is in place 
on the armature and the observer 
faces the commutator end of the 
armature. The coils shown in the 
data forms, Figs. 4 A and 5 A (July 
issue, page 335) are left-hand coils. 


A right-hand coil (Fig. 5 B, July 
issue, page 335) is one in which the 
top half lies to the right when the 
observer stands as mentioned above. 
Thus, in a lap winding the coils can 
be made right or left without affect- 
ing the polarity or rotation. The 
only way in which the polarity of a 
generator or the rotation of a motor 
can be reversed, with a lap winding 
on the armature, is by crossing the 
top and bottom leads of each coil. 
The above statements can be 
checked by referring to Figs. 1 A, 
1 B and 1 C. Fig. 1 A shows part of 
a left-hand lap winding. Coil A 
connects to bars 1 and 2; coil B to 
bars 2 and 3, etc. If it is assumed 
that a positive brush is in contact 
with bars 3 and 4, then coil C 
(marked with a cross) will be short- 
circuited by the brush and will not 
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THE PRACTICAL use that 
can be made of the forms for 
taking and recording wind- 
ing data, which were dis- 
cussed in the June and July 
issues of INDUSTRIAL ENGI- 
NEER, is shown in this article 
and others that will appear 
in later issues. Details are 


given for starting and wind- 
ing lap- and wave-wound 


armatures and certain prac- 
tical rules are presented 
that will help the winder to 
prevent mistakes and make 
sure that the proper coil 
layouts and connections to 
the commutator are used for 
different numbers of slots 
and commutator bars, with 
different numbers of poles in 
the motor. 


carry any working current at all. 
In a lap winding there are as 


“many circuits or current paths as 


there are poles, and also as many 
brush positions as there are poles. 
From each positive brush, therefore, 
there must be two paths through the 
winding to the negative brushes. In 
Fig. 1 A one path starts at bar 4 to 
the left, then goes to slot 4 as shown 
by the arrow, then to slot 10, to 
bar 5, to slot 5, to slot 11 and to 
bar 6. The arrows on slots 4 and 5 
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i 8 


Yı Y2 43 1a As 


Full tines indicate top halves. 

Dotted lines indicate bottom coil halves. 
Heavy lines show shorted 

Corl (x) 


Fig. 1—These diagrams show that 
the only way to reverse the polar- 
ity of a generator or the rotation 
of a motor, with a lap winding, is 
to cross the top and bottom leads 
of each coil. 
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point up, and on slots 10 and 11 the slot 7 to bar 1. By comparing the 
arrows point down. The second path directions of the arrows in the slots 
starts at bar 8, goes up through slot' of Fig. 1 C, with the ‘directions of 
8, down through slot 2 to bar 2, up arrows on the slots of Figs. 1 A and 


through slot 7, and down through 
slot 1 to bar 1. The arrows on 
slots 1 and 2 point down, while the 
arrows on slots 7 and 8 point up. 
The short-circuited coil forms the 
dividing line between the up arrows 
on slots and the down arrows on 
slots. 

By comparing Fig. 1 B, which 
shows a right-hand winding, with 
Fig. 1 A it will be noticed that coil C 
is shorted, and that the arrows on 
slots 1 and 2, 4 and 5, 7 and 8, 10 
and 11, in Figs. 1 A and 1 B are in 
the same direction. Hence, a left- 
hand or right-hand coil does not 
affect the rotation or polarity. 

Next, refer to Fig. 1 C, which is 
practically the same as Fig. 1 A, 
except that the leads have been 
crossed; that is, the top lead of 
coil A, Fig. 1 C, connects to bar 2 
and the bottom lead to bar 1, which 
is just the reverse of Fig. 1 A, in 
which the top lead of coil A connects 
to bar 1 and the bottom lead to 
bar 2. Then with the brush in the 
Same position as used in Figs. 1 A 
and 1 B, coil C will be shorted as 
before, but the right-hand path 
starts at bar 4 and goes to the right, 
up through slot 10, down through 
slot 4 to bar 5, up through slot 11 
and down slot 5 to bar 6. The left- 
hand path starts at bar 8, goes to 


the left, up through slot 2, down: 


slot 8 to bar 2, up slot 1 and down 


Fig. 2—Here is a diagram that 
can be used under any condition 
encountered in laying out coils for 
a lap winding. 

Two arrangements of slots are 
shown. The top arrangement is for 
use when the center line of the coil 
falls in the center of a slot, while 
the lower arrangement is used when 
the center line of the coil falls on 
the center of a tooth. The relative 
position of the center line of the 
coil to the center line of the mica, 
bar, slot and tooth, under different 
conditions, is given in the rules in 
the next column on this page. 


1 B, it will be found that slots 1 and 
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field coil polarity, the direction o1 
rotation of the armature in Figs. 1 A 
and 1 B would be opposite to that of 
the armature shown in Fig. 1 C. In 
a generator the direction of rotation 
would be the same, but the currents 
induced in the armature would 
change the polarity of the brushes. 

The following rules refer to the 

relative position of the ‘center line 
of the coils, to the center line of the 
mica, bar, slot and tooth. 
ö (1) In 15 2 when the number of 
coils per cell is odd, one, three, five, 
etc., and the coil pitch is one and an 
even number as 1-and-8, 1-and-10, etc., 
the center line of the coil will fall on 
the center line of the tooth and the 
mica. 

(2) With the coil pitch one and an 
even number, and an even number of 
coils per cell, the center line of the 
coil will fall on the center line of a 
tooth and bar. 

(3) With the coil pitch one and an 
odd number as l-and-9, 1-and-11, etc., 
and the coils per cell an odd number, 
the center line of the coil will fall on 
the center line of a slot and mica. 

(4) With the coil pitch one and an 
odd number, and the coils per cell an 
even number, the center line of the coil 
will fall on the center line of a slot 
and bar. 


Fig. 3—These diagrams show A, a 
four-pole, two-circuit, wave wind- 
ing with retrogressive layout and 
connections and B, a four - pole, 
two- circuit, wave winding with 


2, 10 and 11, have up arrows in 
Fig. 1 C, while the same slots in 
Figs. 1 A and 1 B have down arrows. 
Slots 4 and 5, 7 and 8 of Rig. 1 C 
have down arrows while the same 
slots in Figs. 1 A and 1 B have up 
arrows. In a motor with the same 


progressive layout and connections. 


By tracing through a series of coils 
in diagram A, it will be noticed 
that the series ends one bar behind 
the bar on which the series started, 
giving what is termed a retrogres- 
sive winding. On the other hand, 
each series of coils in diagram B 
ends one bar ahead of the bar on 
which that series started, thus 
giving a progressive winding. 
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(5) With the coil pitch one and an 
odd number, the center line of the coil 
will fall on a slot, and with the coil 
pitch one and an even number the cen- 
ter line will fall on a tooth. 


With the above rules in mind, 
slots D, E, F, of Fig 2 can be 
located as follows: Call slot A, 
No. 1 and express the coil pitch S 
in slots, as l-and-10, or S equals 9. 
Then, when (S+2)—2 equals a 
whole number, this will be the num- 
ber of slot E. For example, with a 
pitch of I-and-13, S equals 12 and 
(S+2)—2 equals 14-2 = 7, or E 
equals slot 7. When (S2) 2 re- 
sults in a fraction, the whole num- 
ber will be slot D and by adding the 
fraction ½ to the answer obtained 
above, slot F will be located. For 
example, with a coil pitch of 1-and- 
12, S equals 11, and D equals 
(11+2)--2, or 6%. Slot D is then 
6, and F equals 644+% or 7. The 
following formula may be used for 
locating bar K: 

K=Y—( (coils per cell--2) X (coil 
pitch—2) ], where Y equals the total 
number of bars. For example, if 
there are 28 slots and 84 bars, coil 
pitch 1-and-7, K = 84—[(3~2)x 
(7—2) ]}=76.5, or K equals 76. When 
K comes out a whole number and a 
fraction, drop the fraction and use 
the whole number. 

The above rules cover the majority 
of cases of lap windings and the in- 
structions given later will enable the 
reader to check and lay out any 
special winding. 


WINDING RULES THAT APPLY TO 
WAVE WINDINGS 


There is a fundamental principle 
that applies to the number of bars 
that can be used in a wave winding: 
namely, the total number of bars for 
a single-series (wave) winding must 
satisfy the formula L=(B+1)—P, 
where L equals the lead pitch ex- 
pressed in bars, as 49, 50, etc., B 
equals the total number of bars, and 
P equals one-half the number of 
poles. This formula requires that a 
group of coils connected in series, 
equal to one-half the total number of 
poles, shall encircle the armature, 
and that this series of coils must end 
either one bar ahead, or one bar be- 
hind the bar that the series started 
on. (See Figs. 3 A and 3 B.) Thus 
the number of bars for a four-pole 
winding must always be an odd num- 
ber, or if an even number of bars is 
used, one or more bars must be con- 
nected by a long or short jumper to 
form a half-idle bar (as in Figs. 4A 
and 4 B), to make the total number 
of bars satisfy the formula. On six- 
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pole machines the number of bars 
can be odd or even, but each case 
must satisfy the formula. On eight- 
pole windings the number of bars 
must be odd, etc. 

The above formula furnishes the 
basis for working out wave wind- 


1 — 
E CL. slot 
y on mica 
7 B 
op leads 
soldered X 
together 


, Bottom 

> leads 
soldered 
together 


ip Be 


Fig. 4—Two methods of making a 
half-idle bar connection. 


In diagram A two top leads are 
soldered together and two leads 
brought out from the junction to 
the two commutator bars, as shown. 
The bottom lead of the right-hand 
single coil is dead-ended. In diagram 
B the bottom lead of the right-hana 
single coil is soldered to the bottom 
lead of the second single coil. One 
lead from this junction is brought 
out to bar C, while the two top 
leads are brought out to two bars, 
as shown at the left. 


PSS T— . ee eT a 


- Half idle 
Lar 


ings as applied to direct-current 
armatures. Details will, therefore, 
be given to describe its practical ap- 
plication. For a four-pole machine 
the formula can be changed to read, 
lead pitch equals (B—1)0.5, for 
retrogressive windings, and to 
(B+1)X0.5 for progressive wind- 
ings. From the above it follows 
(for any number of poles) that when 
the plus sign is used, the winding 
will be progressive. By this is 
meant that the series of coils will 
end one bar ahead of the bar that 
the series started on, as in Fig. 8 B. 
On the other hand, when the minus 
sign is used, the winding will be ret- 
rogressive or the series of coils will 


end up one bar behind the bar 


started on. (See Fig. 3 A.) 

For example, consider a four-pole 
machine with 25 slots and 125 bars. 
Then B equals 125, P equals 2, and 
L, the lead pitch, can be (125+1) 


„0.5 equals 126 40.5, or 63, which 


gives l-and-64 for a progressive 
winding. When the minus sign is 
used, (125—1) 0.5 equals 1240.5, 
or 62, which gives 1l-and-63 for 
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a so-called retrogressive winding. 

This brings out an important fea- 
ture of the wave winding on a four- 
pole machine; that is, when a given 
number of bars satisfies the above 
formula, then a retrogressive or pro- 
gressive winding can be used as de- 
sired. This applies only to four-pole 
windings, however, since with six, 
eight, etc. poles, the type of winding 
depends upon whether one is to be 
added or subtracted from the given 
number of bars to make it close up. 
This is important because with a 
wave winding, changing from a ret- 
rogressive to a progressive winding, 
or vice versa, will reverse the direc- 
tion of rotation in a motor and 
change the polarity of the brushes 
on a generator. 

Figs. 3 A and 3 B are shown to 
illustrate this important fact. To 
simplify things, 25 bars and slots 
have been used. The coil pitch is 
l-and-7 in both cases, and a left- 
hand winding is used. The pole- 
pieces for a four-pole machine are 
shown in dotted lines. With 25 bars 
and four poles, the lead pitch for a 
retrogressive winding should be 
(25—1) XK 0.5 = 12, or l-and-13. ‘The 
winding shown in Fig. 3 4 is laid 
out with this lead pitch of l-and-13. 
One series of coils is shown with 
heavy lines (coils 1 and 13) the 
series starting on bar 7, to slot 1, 
slot 7, to bar 19, to top slot 18, bot- 
tom slot 19, to bar 6, or one bar be- 
hind the one started on. Next, as- 
sume that this armature winding is 
used in a motor and that the brushes 
are in contact with bars 7 and 18, as 
shown. With bar 7 in contact with 
a positive brush, the direction of 
current flow in the armature con- 
ductors will be indicated by the ar- 
rows in each slot. Slots 21 to 25, 
show the arrows pointing away from 
the center of the diagram. This will 
cause the armature to rotate in a 
clockwise direction, as indicated by 
the larger arrow. Now consider 
Fig. 3 B which has the same num- 
ber of slots and bars as was used in 
Fig. 3 A. But, Fig. 3 B uses the 
long lead pitch, or L equals (25+ 
1) XK 0.5 213, or l-and-14, which re- 
sults in a progressive winding. The 
series of coils indicated by the heavy 
lines, starts on bar 7, as in Fig. 3 A, 
goes to the top of slot 1, to the bot- 
tom of slot 7, to bar 20, to top of 
slot 14, to bottom of slot 20, to bar 8, 
or one bar ahead of the one started 
on. Then with the brushes in the 
same place and of the same polarity 
as in Fig. 3 A, the direction of the 
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current in slots 21 to 25, will be 
opposite to what it was in Fig. 3 A, 
and with the same field coil polarity, 
the armature in Fig. 8 B will rotate 
in a counter-clockwise direction as 
indicated by the large arrow. 

The reason for this reversal can 
be understood if we start at bar 7 
in Fig. 8 A and follow one path 
through the armature to the negative 
brush in contact with bar 13, put- 
ting direction arrows in each slot as 
we pass through. Consider the top 
half of the coil in slot 1 as the start- 
ing point and dividing line; then the 
current path is, bar 7, up slot 1, 
down slot 7, bar 19, up slot 18, down 
slot 19, bar 6 and up slot 25. Note 
that we now pass up through a slot 
to the left of the first slot passed 
through for the beginning of the 
second series. We continue down 
slot 6, bar 18, up slot 12, down slot 
18 to bar 5, then up slot 24, or we 
are picking up a slot to the left at 
the end of each series, until we 
finally end up on bar 18. Next, com- 
pare Fig. 3 A with 8 B. Starting on 
bar 7, we pass up through slot 1 as 
before and down slot 7, to bar 20, 
up slot 14, down slot 20 to bar 8. 
Note that we have advanced one bar 
and slot to the right with the pick-up 
of the second coil, and that from 
bar 8 we pass up through slot 2, or 
to the right of slot 1. This will con- 
tinue until we reach bar 18. Com- 
pare the current direction in slot 2 
in both illustrations, Figs. 3 A and 
8 B. It is the overlapping of the 
series that changes the current flow 
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and from the above it is obvious that 
in changing from a progressive to 
a retrogressive winding or vice 
versa, regardless of the number of 
poles, the direction of rotation in a 
motor will be reversed, and in a gen- 
erator the polarity of the brushes 
will be reversed. 

What really happens in a gener- 
ator, when the winding is changed, 
can be explained as follows: The di- 
rection of rotation is fixed and with 
a shunt- or compound-wound, self- 
excited generator, with long or short 
shunt connection, the field circuit 
forms a closed circuit regardless of 
whether the line switch is closed or 
open. Now, the field poles of any 
generator retain a certain amount of 
magnetism, or they act as permanent 
magnets, so that when the generator 
armature starts to revolve, and the 
field switch is closed, the armature 
conductors cut the lines of force due 
to the residual magnetism and a 
voltage is induced in the armature 
conductors, causing a current to flow 
around through the field coils and 
increase the field strength. This 
cycle keeps up until full-load voltage 
is reached. When the armature 
winding has been changed, the direc- 
tion of current under any one pole 
will be the same, but the brush sign 
will be changed and when the gener- 
ator is started, the first slight volt- 
age generated due to residual mag- 


Fig. 5—These diagrams show cor- 
rect and incorrect connections for 
compound-wound generators. 
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netism will tend to reverse the field 
coil polarity and weaken the field; 
hence the generator will not be able 
to pick up. The only way to make 
the machine pick up would be to re- 
verse the field connections which 
would necessitate flashing; that is, 
putting current through the fields 
from an outside source, to create a 
residual flux of the right polarity 
and enable the machine to pick up. 
Or the armature leads can be re- 
versed and if caught in time, revers- 
ing the armature leads will in most 
cases eliminate the necessity of 
flashing the field. On the other hand, 
if the machine is separately excited 
it will pick up its voltage, but the 
busbar polarity will be reversed, 
which in a battery charging outfit 
would cause considerable trouble. 

To point out some other effects of 
changing windings, Figs. 5 4 to 5 F 
are shown. 

Fig. 5 A shows the armature and 
field circuit of a compound-wound 
generator. The directions of the 
arrows on the shunt and series fields 
are opposite, but this can be ac- 
cepted as standard, as it makes the 
diagram straight lines. In a gen- 
erator diagram, then, when the 
shunt and series arrows point in the 
opposite directions, we will call this 
standard. The direction of current 
through the armature is indicated 
by the arrow inside the circle, while 
the curved arrow indicates the direc- 
tion of rotation. Next, consider 
Fig. 5 B, which shows the current 
flow in the same machine, with the 
armature winding changed. Note 
that brush B is positive, which 
changes the polarity of the shunt 
and series coils,’ but both coils still 
assist each other. The generator 
shown in Fig. 5 B will not pick up 
as already explained. Fig 5 C shows 
the simplest method of correcting 
the mistake. In this case the arma- 
ture leads have been interchanged. 

Fig. 5 D shows a compound-wound 
generator with interpoles. Note 
that the interpole coils are shown on 
the same. side of the armature with 
the series coils, which results in a 
lower difference of potential between 
these two sets of coils, and reduces 
the chance of flashover between 
them. Fig. 5 E shows the same ma- 
chine with the armature changed. 
This machine will not pick up until 
the connections are changed as in 
Fig. 5 F. Note that the series and 
interpole coils are handled as a unit. 

Next, we will consider a motor. 


(Please turn to page 402) 
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ECENTLY an executive 
in a small industrial 
plant lamented, during a 
plant inspection trip with 
one of the editors, the in- 
ability of a small plant to 
adopt money-saving ideas from a large one. The lack 
of vision of this plant executive was well illustrated by 
his actions on this trip. He was very much interested 
in the big savings made with a large crane, an ex- 
tensive conveyor system, and other big units which 
were far beyond the capacity of his plant. On the other 
hand the type of tote boxes used and the methods of 
handling, piling and storing them, the inspection rou- 
tine in connection with motors and other equipment, 
and the details of handling other problems common to 
his as well as practically all plants, were dismissed as 
too commonplace even to look at. Asa result he did not 
carry away one worth-while idea. 

This executive believes that savings and methods are 
inseparably connected with large, quantity production. 
A big volume of savings is, of course, related to quan- 
tity production, but the possibilities of making savings 
in industrial work are no more dependent upon volume 
than is the possession of a savings account at the bank 
dependent upon the amount of salary earned. Both 
depend upon the willingness to save and the ability to 
see opportunities for saving. The savings may be 
small, but they are possible. 


Plant Savings 


Depend on Vision 
as Well as Volume 


8 
HEN an induction 

What Happens motor starts some- 
When an Induction | thing happens besides the 
drawing of a heavy start- 

Motor Starts ing current. This is no 
news to electrical engi- 


neers, but it has taken a long time for them to find out 
and agree on just what it is that goes on in the wind- 
ings of an induction motor during the starting period. 

J. T. Rylander, at a recent convention of the 
A. I. E. E., has come forward and told us about at least 
three things that happen, as follows: (1) The windings 
separate between phases. (2) The windings move away 
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from the rotor and toward the stator. 
bottom layers of coils draw together. 

This is a most intelligent explanation of some of the 
mysterious grounds and short-circuits that develop in 
a winding and are, in most cases, laid at the door of 
some armature winder who got in a hurry and pounded 
too hard with his mallet and drift. The mallet and 
drift, when roughly handled, provide a sure way to 
start a weak spot in a winding when the slot space is 
crowded and wedges are used, but it is gratifying to 
know that at least one well-informed engineer is willing 
to admit that improper use of starting equipment is 
just as bad in its effect on the motor winding as the 
roughly-handled mallet and narrow drift. 

Lest we be misunderstood, it is important to say here 
that Mr. Rylander in his A. I. E. E. discussion was 
attempting to prove that the windings of induction 
motors can be so braced and insulated as to stand the 
mechanical strains of even full-voltage starting. In 
this he went a long way, but we believe it will take a 
long time and be a hard job to make, at a reasonable 
cost, a large induction motor that will be free from 
operating troubles when used without a suitable start- 
ing device that will limit the current rush at starting 
and the mechanical strains on its windings. Motors 
are bought to use and not to repair, and any device 
that will safeguard continuous performance is cheap 
operating insurance against those who are careless in 
their installation and upkeep. Modern motor starting 
devices furnish this insurance at low cost when good 
judgment and not merely price govern their selection 
and manner of installation. 


(3) The top and 
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HEN the days are 
long, as they are 
now, and a minimum of 
artificial illumination is re- 
quired, it is an easy matter 
to overlook the important 
part which the lighting system will begin to play within 
a month or two from now. The fact that such an over- 
sight may be more expensive and serious than might 
be thought, is brought out in the article by Roy Palmer, 
on page 363 of this issue. 

In this article he points out the interesting relation- 
ship that has been found to exist between intensity of 
illumination and production output. In the investiga- 
tions which have been conducted in various industrial 
plants, increases of production ranging from 8.5 to 35 
per cent were found to be possible when the illumina- 
tion was increased to the proper value. Although the 
cost of illumination naturally increases with the in- 
tensity, this increased cost amounted in every case to 
only a small percentage of the payroll. In other words, 
a considerable increase in production was left as clear 
profit, after the cost of the increased illumination had 
been deducted. 

The slowing down of production which occurs in 
most industrial plants during the summer months af- 
fords a good opportunity to-check up the lighting sys- 
tem and see what should be done to put it in such condi- 
tion that it can efficiently render the service required. 
Perhaps only a thorough cleaning of lamps and reflectors 
and the replacement of burned-out or blackened lamps, 
will be necessary to put the system in proper condition. 
On the other hand, an investigation might show the 


More Light 


May Be the Key to 


More Production 
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need of a thorough revamping, in order to raise the 
level of illumination to its proper value. 

In either case, the experience of many industrial 
plants shows that the returns will amply justify what- 
ever expenditures are necessary. 


ESTING important 

equipment so as to lo- 
cate prospective failures 
should be the ajm of every 
one responsible for main- 
tenance work. 

How this is being worked out at one plant may be of 
interest to others. As part of the regular maintenance 
work of a plant recently visited, the insulation resist- 
ance is measured on all vital or important motors and 
generators, at least once a month. These readings are 
recorded for comparison with readings taken later on. 

The value of this practice was shown recently when 
the insulation resistance on the field of a synchronous 
motor began to fall below its usual value. It continued 
to get lower until a value of 600,000 ohms was reached, 
when an extensive investigation was decided upon. 
The individual coils on the poles were disconnected from 
each other and the trouble localized in one pole. The 
coil was removed from this pole and the insulation 
was found to be almost gone on the inside lower end. 

If the machine had run much longer, undoubtedly a 
failure would have occurred, which would have inter- 
rupted production. As it was, the systematic tests 
gave warning of the approaching failure and permitted 
investigations and remedies to be applied on Sunday, 
when no production delay would occur, and there was 
time to do a good job. 

This is Just another example of how maintenance 
work can be made to yield big returns on the time and 
money spent on it. To paraphrase an old saying, a 
little bit of maintenance beforehand is generally worth 
a large amount of repair work—afterward. 


Maintenance Today 
Will Save 


Repairs Tomorrow 
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` REPORT which has re- 

cently been issued by 
The National Committee 
for the Prevention of 
Blindness, following an 
extensive study of eye hazards in industrial occupa- 
tions, contains many statistics and facts that should 
be of interest to every plant executive. The toll which 
industry has taken in the way of injured or sightless 
eyes is shown by the following statement: 

“Of the 100,000 blind persons in the United States 
approximately 15,000 are the industrial blind—persons 
who have lost their sight in the pursuit of industrial 
occupations. There is, in addition to the totally blind, 
a much larger number of men; women and children 
whose vision has been so impaired by the eye hazards 
of industry that they are handicapped throughout life. 
Both of these classes, the industrial blind and the 
workers whose vision has been seriously impaired by 
the hazards of other industrial environment, grow 
larger each year. 

“The loss of 82 eyeş in the presumably safe occupa- 
tions of merchandising, farming, and textile manufac- 
ture, is further proof of the statement that serious eye 
accidents are likely to occur wherever men, women and 


W hat and Where 
Are Eye Hazards 
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children are employed. There is no such thing as a 
really non-hazardous occupation.” 

As an example of the important part that eye in- 
juries play in the whole problem of industrial accidents 
the report cites the experience of a large shipbuilding 
company in whose dispensary 38 per cent of all injuries 
treated were eye injuries. More than 4,300 eye cases 
were treated in this company’s dispensary in one year. 

These facts would seem to constitute a severe indict- 
ment of industry, and serve to show that the prevention 
of eye injuries in industrial occupations is a problem 
that is worthy of, and should be given, the most serious 
attention. Carefully-kept records showing exactly 
where, how, when and why eye accidents occur will do 
much to show what changes should be made in equip- 
ment, methods, or processes in order to reduce the 
number of such accidents. Further, a careful study, 
from the standpoint of eye hazards, of the methods 
and equipment used in a plant may show where and 
how these hazards may be materially lessened. 
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ECAUSE a material is 
high priced does not 
necessarily mean that it is 
the most suitable for every 
industrial application. A 
case in point recently came 
to light in a large steel plant. 

At this plant considerable bearing trouble was being 
experienced on certain equipment. Although the bear- 
ings which were originally furnished by the manufac- 
turer of the equipment had shown satisfactory life, the 
bearing replacements made in the plant repair shop 
were not giving anywhere near satisfactory service. 

Investigation showed that the babbitt metal that was 
being used was not suited for the service conditions 
under which these bearings had to operate. It was a 
good babbitt metal, but was being incorrectly applied. 
Substitution of a suitable grade of babbitt metal, which 
was melted and poured at the proper temperature, gave 
more satisfactory results. Incidentally, the correct 
grade of babbitt for this application cost less than one- 
third as much as that which had been formerly used. 

This discovery stimulated other bearing investiga- 
tions at this plant. It was found that everybody on 
the maintenance force was babbitting bearings. Since 
none of them knew much about babbitting, the results 
were poor indeed. Also, since more than one kind of 
babbitt is required for the various machines in the 
plant, and each of these babbitts has a different pouring 
temperature, it was somewhat a matter of chance as to 
whether the metal was poured at the right temperature. 

The first step taken to correct these bearing troubles 
was to place all of the bearing work under one man, 
who either did the work himself or directly supervised 
it. The second step was the purchase of an electrically- 
heated babbitt pot with automatic temperature control, 
thereby insuring the correct pouring temperature. The 
third step was in taking additional pains in the selec- 
tion of bearing metals that are particularly adapted to 
the service conditions. According to the superintendent 
of that plant, the results obtained have justified the 
additional expense involved many times over. 

If you are looking for a place to cut maintenance 
costs it may be that your bearing troubles will stand a 
similar investigation. 
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Who Can Answer 
These? 


Operating A.C. Demugnetizer on Direct 
Current.— Will some reader please tell 
me of a cheap and simple way of 
changing a 110-volt a.c. demagnetizer 
so that it can be operated on direct 
current at the same voltage? 
Norristown, Pa. C. D. H. 


9 t 0 ¢ 


Changing D.C. Fan Motors for Operation 
on Alternating Current.—Our plant has 
recently been changed over from di- 
rect current to alternating current, 110 
volts, 60 cycles, and I should like to 
know if there is any way of changing 
Westinghouse, 9-in. and 16-in. d.c. fans 
to operate on i current, as 
I do not wish to discard them if I can 
help it. One of these fans has the 
following nameplate data: Serial No. 
1883821, style No. 321339, d.c. 100-125 
volts. I shall appreciate your help. 
Philadelphia, Pa. E. G. R. 


Method of Cleaning Skylights and Win- 
dows.—In our plant we have a serious 
problem in connection with the clean- 
ing of SK ete: transoms in monitor 
roofs and above the first floor, large 
windows with steel sash. I wish some 
readers would tell me what solutions 
they use for such cleaning, and de- 
scribe any easily-constructed scaffold- 
ing or other method which they use to 
get to this large area of glass. This 
has been a very expensive and unsat- 
isfactory procedure with us so far and 
I would like to know what others do. 
Indianapolis, Ind. J. F. H. 
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Contactors Will Not Close on Low Volt- 
age.—We are having trouble with the 
contactors failing to close due to low 
voltage on one of our automatic con- 
trol panels. The panel is fed from a 
220-volt supply, but when the voltage 
drops considerably the operating coils 
of the contactors are not strong 
enough to close them, thereby leaving 
an open magnetic circuit which causes 
the coil to roast out. It is rather dif- 
ficult to provide the correct voltage at 
this panel all of the time. Can any 
reader suggest something that I might 
do to the contactor coil that would 
enable it to take care of the low volt- 
age condition? 

Omaha, Neb. M. P. 


Trouble With Rewound Transformers. 
I am having trouble with rewound 
G. E., type H. 6-kva., 2,300/220/110- 
volt transformers burning out within 
a few days after they have been placed 
in service. They break down between 
turns in the same layer, but do not 
break down to ground. In the primary 
I use No. 18 B. & S. gage single-cot- 
ton-enameled wire, impregnated with 
Westinghouse Amber baking varnish. 
I am using the same wire and varnish 
on motors with good results, but am 
wondering if I should use double- 
cotton-covered wire and some other 
varnish for the transformers. Do the 
transil ofl and varnish combine to at- 
tack the enamel? These transformers 
are given a double voltage test for one 
hour before leaving the shop. 

Ware Shoals, S. C. J. C. 
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question that you can 
answer, from your ex- 
perience. 


Operating Two Slip-Ring Motors in Cas- 
cade.—I shall be very grateful if some 
reader will answer the following ques- 
tions for me: (1) Will two slip-ring 
motors of the same make and type 
operate satisfactorily when connected 
in cascade and installed on the oppo- 
site ends of a turntable to drive sep- 
arate tractors? (2) Will there be any 
difference in the speed of the two 
motors? If so, what will it amount 
to? (8) Can these motors be operated 
from one controller? If so, can they 
be used for reversing service when 
operated from one controller? (4) 
Must the shafts of the motors be rig- 
idly coupled together? 

Washington, Ind. C. L. O. 


Stopping Breakage of Gears. —0On each 
battery of furnaces in our refinery 
there is a 7%-hp., 1,800-r.p.m., motor 
driving a device that clears the coke 
from e furnace. The motor is con- 
nected by a roller chain to a shaft 
driving a pinion meshing with a large 
double gear that drives the device. 
This device is subjected to very un- 
usual loads at times, especially when 
it is about time for the furnace to be 
rebuilt. These loads are so heavy and 
come on so suddenly that the teeth are 
often broken off the bevel gear, which 
is made of cast iron. As it is rather 
expensive to replace these gears, I am 
wondering if our readers can suggest 
some device that I could put on this 
drive to disconnect it when the load 
becomes too great. Would a coupling 
having shear pins do the trick? How 
could I make such a coupling: 

Tulsa, Okla. .A. N. 


Answers Received 
To Questions Asked 


Emergency Excitation for Generators— 
For exciting our generators we have 
one motor-driven exciter which is nor- 
mally in use. After the station has 
been completely shut down, we have 
one steam-turbine-driven exciter 
which is used for starting. Suppose 
that when we attempt to start up, the 
steam-driven exciter should reak 
down. How could we excite our fleld? 
Could it be done by using several au- 
tomobile storage batteries in series? 
For exciting our generator at no load, 
we require 60 amp. at 65 volts and it 
would be necessary for this supply to 
be on for approximately 10 min. Would 
it be practicable to use eleven 6-volt 
storage batteries in series for supply- 
ing this excitation? If so, what ca- 
pacity should the storage batteries 

ave? I shall appreciate any informa- 
tion that readers can give me on this 
problem. 

Medicine Hat, Alta., Can. E. R. S. 


Answering E. R. S. in the July issue, 
the fields can be excited only by the use 
of another exciter or an emergency bat- 
tery. In one instance that came up in 
my experience, only a motor-driven ex- 
citer was used and an outside service 
was depended upon for energy when 
the station was completely shut down. 
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Provision was made for an interruption 
in the outside service by putting an ex- 
tension on the shaft of each generator 
unit, to which a small generator could 
be belted. A pulley was provided to 


fit the generator shaft extension. The 
small generator was mounted on a 
truck so that it could readily be moved 
about, and served its purpose very well. 
It is assumed that in E. R. S.’s case 
there are no electrically-operated oil 
circuit breakers in the station, requir- 
ing a battery which might be used as 
a source of current in emergency. 

The fields could be excited by the use 
of a number of automobile batteries 
connected in series, but while it is prac- 
ticable to do so this could not be rec- 
ommended as a very satisfactory 
method. Whether the automobile bat- 
teries would handle a discharge rate of 
60 amp. for ten minutes could be deter- 
mined only by trying it, or by consult- 
ing the manufacturer of the batteries. 
Although many automobiles require 
between 50 and 100 amp. or more for 
starting the engine the duration of the 
discharge rarely exceeds one minute 
and is usually much less. 

It is assumed, of course, that it is 
not desired to have a small gas- or 
gasoline-driven set, similar to the Delco 
or Kohler, available for this service. 
However, the ease of providing a shaft 
extension on which a pulley can be 
placed for driving the low-capacity ex- 
citer, as previously described, is, I be- 
lieve, the simplest and most practical 
solution of this problem. 

C. OTTO VON DANNENBERG. 


Designing Engineer, 
Porter & Sanderson, 
New York, N. Y. 


* + * * 


Trolley Wire Supports for Monorail 
Crane—I have a monorail crane run- 
ning on an I-beam, which has to travel 
around two rather sharp bends. and 
wish that someone would give me his 
experience as to the best way of in- 
stalling and supporting the two trol- 
ley wires that feed this crane. How 
should I support the wires where they 
go around the bends? 

Barre, Vt. C. G. 

In reply to the question by C. G. in 
the May issue, the use of trolley wires 
around curves on crane tracks is very 
troublesome. We have found that the 
tee bar system is by far the best to use 


under these conditions. 

If 1%-in. tee bar is used it can be 
bent cold to fit almost any bend or 
angle that may be required. The tee 
bars should be held in place by 
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1%-in. by %-in. angles clamped to the 
top of the I-beam. 

At the proper distance apart, equal 
to the distance between the collector 
shoes on the hoist, two %-in. holes 
should be drilled in each angle. Into 
these holes a piece of fiber tubing % in. 
in diameter with a %-in. hole should 
be placed, and cut off flush with both 
sides of the angle. On the same side 
of the angle, two 7 /16-in. holes should 
be drilled for supporting the clamps by 
which the angle cross-member is 
fastened to the I-beam. For a 5-in. 
beam we drill these holes 614 in. apart. 
For the clamps we use a piece of steel 
% in. thick and 114 in. long. By plac- 
ing a in. offset in this piece, drilling 
a 7/16-in. hole in the end and placing 
this clamp against the underside of the 
top of the I-beam, and bolting to the 
crossarm, a very rugged support can 
be made. 

For the tee bar holder a piece of 
steel 1 in. square and 1% in. long is 
used; a hole is drilled in one end and 
tapped for a %-in. capscrew. In the 
other end a slot is cut % in. wide and 
“4 in. deep. In one side, opposite the 
slot, a hole is drilled and tapped for a 
-in. setscrew for holding the tee bar. 

When mounting the tee bar support 
to the crossarm a fiber washer ig in. 
thick and 1% in. in diameter with a 
-in. hole in the center, is placed be- 
tween the tee bar support and the cross- 
arm. Another washer of the same 
size is placed on top of the angle-iron 
crossarm. <A ½ -in. capscrew with a 
flat iron washer is then screwed 
through the washers, bushing, and 
into the tee bar support; this prevents 
any danger of grounding. This method 
of supporting tee bars indoors has 
proven a success with us; for outdoor 
service we use a porcelain support in 
the same way. 

For collecting the power from the 
tee bar we use a shoe made by the 
Shepard Electric Crane & Hoist Co., 
Montour Falls, N. Y. These shoes are 
designed to take care of any uneven 
joints and also any side motion caused 
by swinging loads, and to keep a con- 
stant pressure against the tee bar. Or. 
our hoists which operate on very sharp 
curves we use a wider shoe; this gives 
us greater contact when the hoist first 
starts to make the curve. 

The operation of a medium-sized 
hoist, with a capacity ranging from 2 
to 6 tons, operated on curved I-beams 
continuously, means a very heavy 
maintenance cost, owing to the fact 
that as soon as the loaded hoist enters 
on the curve it must change the direc- 
tion of the load. This causes a side 
strain on the hoist, causing the wheels 
to bind &gaint one side of the I-beam. 
In a short time this cuts the flange of 
the hoist wheels to such an extent that 
if the wheels are not changed at regu- 
lar intervals climbing of the wheels on 
the I-beams will be experienced on the 
curves, thereby permitting the opposite 
wheels to wedge against the I-beam 
flange and stick, making it necessary to 
rock the hoist back and forth on the 
beam. At the same time, the I-beam 
cuts very fast, shortening the life of 
new wheels and in due time replacing 
of the beam is required, which is a 
costly operation. 
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This shows how the tee bars are 
supported from a crossarm mounted 
on top of the I-beam. 


In view of this we have adopted the 
plan of fastening a 16-lb. rail to the 
lower flange of the I-beam by means 
of the Shepard rail clamp, which does 
not require any drilling of the I-beam 
for supporting the rail. When re- 
placements are necessary it is much 
cheaper to change a rail than a curved 
I-beam. Also, as the rail has a much 
wider surface bearing against the 
flange of the wheel on curves, the life 
of the wheel is prolonged. 

At present we are operating several 
hoists on the above system 24 hr. a 
day, under severe duty, including side 
lifts and overloads. The delays and re- 
pairs are very low, considering the 
service we get from the hoists. 

I hope that the facts and suggestions 
given above will be of help to C. G. 


Chief Electrician, N. H. CASE. 
Wyckoff Drawn Steel Co., 
Ambridge, Pa. 


* * * * 


In reply to the question by C. G. in 
the May issue, I would like to submit 
the following: 

A few months ago I had occasion to 
install several Morris cranes of the 
monorail type which were equipped 
with Twin Flex cable having rubber in- 
sulation about 1 in. in diameter. This 
cable was looped from convenient 
switches up to the crane. This we 
found satisfactory, where the distance 
of travel was short. In one particular 
case, however, the crane had to travel 
a distance of about 200 ft. Such a 
length of cable was exceedingly cum- 
bersome and always got in the way of 
things, twisting around workmen and 
trucks and breaking off at the motor 
connection, thus causing considerable 
delay and trouble. 

To overcome this difficulty, we adopt- 
ed a trolley wire system for this 200- 
ft. stretch of travel. At each end of 
the travel of the crane a support was 
erected at right angles to the crane 
travel. These supports were made of 
-in. by 6-in. angles. They were at- 
tached to the I-beam which carried the 
crane. * On the side of the angle, which 
is at a right angle to the I-beam, two 
holes were drilled, one above the other, 
which hold the strain insulators to 
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Method of supporting trolley wire 
system for monorail-type crane. 
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which the trolley wires are attached. 
The trolley wires are of No. 4 hard- 
drawn copper. These wires were 
stretched between the two angles in 
such a position that they would be in 
line with the collector shoes on the trol- 
ley. To support the trolley wires and 
prevent them from sagging, wood insu- 
lators were placed beneath the trolley 
wires at convenient points. These wood 
insulators were shaped somewhat like 
a spool with flanges 2 in. in diameter, 
body 1% in. in diameter and an over- 
all length of 6 in. A hole suitable for 


a -in. bolt was drilled through the 


center of the insulator and countersunk 
at one end to take the head of the bolt. 
The wood insulators were fastened by 
means of long bolts to the uprights 
which are attached to the top of the 
I-beam, as is shown in the accompany- 
ing drawing. 

At one part of the travel the I-beam 
had to be bent to meet the conditions 
under which it had to operate. This 
bend was about 6 in., running in this 
position for 15 ft., and reverting back 
to the same position. This difficulty 
was overcome by putting in longer bolts 
and placing wood fillers of the required 
length at the back of the insulator 
spools in that section. 

The collector support is bolted to the 
trolley. The bottom part of the sup- 
port is made of 2½ -in. by %-in. flat 
iron. To the top part of this flat iron 
is bolted a piece of maple 2% in. wide 
by 1% in. thick and of the required 
length to suit the conditions. Two 
holes were drilled through the top part 
of the maple piece for the bolts carry- 
ing the collector shoes. The collector 
shoes have a deep groove which holds 
the trolley wires in position at all 
times. These grooves are placed slightly 
higher than the wood insulators, so that 
when the shoes pass the wood insu- 
lators they lift the wire above the in- 
sulators, permitting the shoes to clear 
the insulator. After the shoe has 
passed over the wood insulator, the wire 
settles back on the insulator. The 
bolts to which the collector shoes are 
attached have about 5 in. of thread so 
as to allow for adjusting the shoes to 
the proper position over the spools and 
for attaching the cables running to the 
hoist motor. The wooden part of the 
collector arm support is reinforced by 
a piece of %-in. by 1-in. hoop iron over 
the top and extending about half-way 
down the side. The wood spool insu- 
lators are mounted on pieces of 2-in. 
by 4-in. wood which are bolted to the 
top of the I-beam and are placed at 
intervals of about 15 ft. 

This trolley wire transmission elim- 
inated all of the trouble that we had 
been having. It has been in successful 
operation for 12 months and there has 
not been a single delay on any of the 
cranes on which it was installed. 

This performance must be considered 
exceptionally good when we consider 
the fact that the cranes are doing very 
heavy duty in the handling of car 
trucks, materia] and heavy dies for the 
hydraulic presses, and the like. 

LACHLAN A. MCEWAN. 


Maintenance Electrician, 
Car Shops, Canadian National Railways, 
Montreal, Can. 
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Answering C. G.’s question in the 
May issue, I use No. 8 trolley wire on 
the straight runs and %-in. by 1%4-in. 
flat iron bent to the curvature of the 
I-beam on all curves and turns. The 
flat iron is supported on standard 
I-beam trolley wire supports. I believe 
that the use of this arrangement would 
satisfactorily overcome C. G.’s troubles. 


Chief Electrician, EARLE N. DILLARD. 
Booth-Kelly Co., 
Springfield, Ore. 


* * * * 


Replying to C. G. in the May issue, 
he will have to use a good many sup- 
ports if he adheres to his policy of sus- 
pending trolley wires around sharp 
bends on a monorail crane system. 

In place of trolley wire, I would sug- 
gest that he use at these bends and for 
10 ft. or so on each side of them, 3%- or 
½ by 1 ½-in. iron flats, as they are 
called hereabouts. These are just flat 
iron ribbons and should be bent as de- 
sired and mounted edgewise on regular 
clamp-type insulators which, in turn, 
should be bolted to angle irons and the 
latter bolted or clamped to the top of 
the I-beam. 

If preferred, flat copper strips could 
pe used, although this is not necessary. 
In any case, where the strips and wire 
meet the strip should be cut back for 
a short distance in order that the wire 
may be brazed to the strip and then 
finished off, so that a smooth surface 
will be presented to the trolley wheel 
or collector. 

Various schemes involving the use of 
clamps and other devices could be used 
to overcome the trouble C. G. describes, 
but I believe that the method outlined 
above is hard to beat, from the stand- 
points of simplicity and service. 
Rome, N. Y. A. FIESS. 
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Power Factor 
Meter I should like to obtain the fol- 
lowing information from some o he 


ing shaft which supports it? (3) What 
would cause & shunt generator driven 
by an induction motor 
glowly at the commutator and develop 
destructive arcing at the brushes after 
the load has been removed? What 
would be the remedy for such a con- 
dition? The armature is & single, par- 
allel winding. 

Saskatoon, Sask., Can. F. N. G. 


In reply to the question by F. N. G. 
in a recent issue, the accompanying 
sketch shows the connection for a three 
phase instrument used on a balanced 
system. 

C and Ci are current coils in series 
on one leg of the system. P. and P: 
are potential coils connected across the 
other two legs of the line through the 
non-inductive resistance F, and R:. In 
making the connections and checking 
for their correctness, the power factor 
must be known. If the needle drops 
to the bottom or dotted line scale, re- 
verse the series connection. If the 
power factor is unity and the pointer 
takes a position to the right or to the 
left of center, reverse the potential 
leads. The circuits of the instrument 


Internal and external connections 
of three-phase power factor meter. 


g 
may be tested for 
lamp in series on & 110-volt circuit. 
If the pointer is loose or has been 
moved, connect the instrument to a cir- 
cuit of 100 per cent power factor and 
place the pointer opposite the unity 
mark on the scale. 

The character and range of the scale 
can also be changed by varying the 
angle between the potential coils. 

With regard to the trouble which 
you are experiencing with a d. c. gen- 


continuity with a 


erator, the brushes are probably not 


set correctly in relation to the neutral 
point. Try changing the brushes either 
ahead or back a little at a time and 
see if it helps the sparking. 
Chief Electrician, Lee F. DANN. 


Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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Referring to F. N. G.’s question in 
a late issue, (1) from the diagram 
it will be noted that the current 
from the generator is brought in at 
the right hand of the instrument when 
seen from the rear of the board. Should 
the connection be wrong the pointer 
will ride on one side of the scale in 
trying to turn 180 
If the pointer swings to the 


leads should be interchanged between 
the resistor and the meter. 

To check the connections of the 
meter short-circuit the current leads, 
at which time the pointer should go 
to the lag side of the scale regardless 
of whether the meter is indicating lead- 
ing or lagging power factor. 

(2) Unless one is thoroughly ac- 
quainted with the repair and operation 
of such a meter he should not attempt 
such repairs. It is much cheaper and 
better all around to have such work 
done at the factory by skilled operators. 
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Connection diagram for type H-2 
power factor meter for circuits car- 
rying 200 amp. or more. 
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(3) A weak field is apparently the 
cause of the generator trouble; I would 
also suggest that. attention be given 
to the brush settings. Check the brush 
alignment and setting very carefully. 
West Allis, Wis. EDWARD JAMES. 
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How Long Will It Take to Erect These 
Towers 7—1 shall appreciate it very 
much if some of the readers of Ixpus- 
TRIAL ENGINEER can give me the amount. 
of time in man-hours required to erect 
five steel transmission towers, 9 ft. 
by 15 ft. at the base and 60 ft. high. 
I should also like to know the time 
required to string three No. 3 
stranded copper cables and one over- 
head ground wire a distance of 
2,000 ft. 

Appleton, Wis. M. P. 

Answering M. P. in a recent issue, 
the question is rather indefinite as it 
gives no details as to the nature of 
the ground, present location of towers, 
whether the towers are already fab- 
ricated, whether foundations are al- 
ready in, voltage, type of insulators, 
and so on. All of these points and 
many others would affect the cost of 
erecting the towers and putting the line 
in commission. Another point to con- 
sider is the previous experience of the 
erection gang in similar work, and the 
kinds of tools and equipment available. 
The erection of 2,000 ft. of line is quite 
different from erecting a line several 
miles long where the crew, even if they 
are comparatively inexperienced to be- 
gin with, will gain considerable pro- 
ficiency in the work before many miles 
have been covered. 

The best criterion for the cost of a 
jop of this kind is reliable cost data 
secured from similar jobs. I have some 
figures covering the cost of a transmis- 
sion line recently erected in the Middle 
West where unit labor cost would be 
the same as in M. P.’s territory. This 
was a 132-kv. line about 40 miles long. 
Double-circuit steel towers were used, 
having the approximate dimensions giv- 
en by M. P. One circuit only was in- 
stalled, using No. 3/0 steel-reinforced, 
aluminum conductor. The towers were 
assembled on the ground in a horizon- 
tal position and erected by means of a 
gin pole, block and tackle and a 2-ton 
tractor. A summary of the labor cost 
per mile of line, exclusive of trucks, 
freight, board, lodging, testing, tools, 
dan ES and miscellaneous was as fol- 
ows: 


(a) Clearing . $ 244.00 
(b) Foundation. 1,181.00 
(e) Assembling towers ... 311.00 
(d) Erecting towers .........------- 165.00 
(e) Stringing wire . 130.00 
(f) Unloading and hauling... 80.00 
(g) Engineering and super- 
vision 0.00 
0 
Total earet tneeee $2,351.00 


All of the above items, and especially 
item (b) were heavy because of the 
swampy nature of the ground. At this 
same rate a 2,000-ft. line would cost 
about $900 to put up, but it must be 
remembered that a small job cannot, as 
a rule, be handled as cheaply as a 
large one, on which everything is well 
organized. | 

In several other similar jobs the 
cost of erecting towers has gone as 
low as $95 per mile and from that 
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on up to $165, as given above. The 
labor cost of stringing wire has been 
found, under favorable conditions in 
this class of work, to go as low as $40 
per mile of conductor, or $120 per mile 
of three-phase line. Under unfavorable 
conditions, it may go as high as $80 
per mile of conductor. 

Another example may be given of a 
66-kv. line, 33 miles long, using steel 
poles 8 ft. 6 in. square at the base 
and 60 ft. high, carrying two No. 1/0 
stranded copper circuits on suspension 
insulators. These poles were consid- 
erably smaller than those used in the 
first example. The labor cost per mile 
of line in open, level country with 500- 
to 700-ft. spans was as follows: 

(a) Digging holes and placing 


foundations $212.00 


(b) Distributing material 77.60 
(c) Bolting up and erecting 
Plees setae 99.20 
(d) Stringing wire 141.20 
(e) Miscellaneous 44.80 


e! ⁵ eta 5574.80 


These two examples probably repre- 
sent maximum and minimum cost for 
jobs of this character. Cost data from 
any one job should not be applied indis- 
criminately to any other job unless all 
governing factors are identical in all 
respects. Of course, this condition 
never exists in practice; so the best 
M. P. can do is to study the above and 
similar data and apply them to his job. 
Fort Worden, Wash. E. I. PEASE. 
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Replacing Motors When Trouble Devel- 
ops—When armature or other troubles 
develop in a motor, should a new ar- 
mature be put in or other repairs 
made, right on the job? Or is it bet- 
ter to replace the entire motor with a 
spare and send the damaged motor to 
the repair shop? This question has 
come up several times in our plant 
and I should like to Know the practice 
followed by other readers. 

Pittsburgh, Pa. E. W. D. 


Answering E. W. D. in the April 
issue, it is always better to take out the 
entire motor and put in a spare one, if 
a spare is available. However, unless 
there are a large number of duplicate 
motors in the plant, it would be a 
rather expensive proposition to keep an 
extra motor for every machine. Also, 
since a large proportion of the trouble 
on d. c. motors is in the armature, it is 
usually necessary to keep only a spare 
armature in stock. On the other hand, 
an outside repair shop always likes to 
have the whole machine, so that they 
can give the rewound armature a thor- 
ough testing out. 

Peoria, III. GEORGE D. RINGNESS. 
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E. W. D. asked an interesting ques- 
tion in the April issue. I would not 
advise sending an armature or com- 
plete motor to the repair shop for every 
little trouble that comes along. Many 
armature troubles, such as grounded 
V-rings, shorted coils, open circuits and 
the like can often be cleared up on the 
spot at a real saving in time and 
money. 

For my part I do not believe it ad- 
visable to replace a motor so long as 
it can be kept running. If E. W. D. 
has many motors, he will find it worth 
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while to have these little jobs taken 
care of whenever possible right on the 
job. M. V. MILLER. 


Service Dept., 
Westinghouse Electric & Mfg. Co., 
Indianapolis, Ind. 
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E. W. D., whose question appeared in 
the April issue, will find a very good 
answer in the form of an editorial on 
page 189 of that issue. 

Outside of large installations or 
minor breakdowns, repairs should not 
be made in the field if they can pos- 
sibly be avoided. If a motor or any 
piece of apparatus is so important that 
its service is absolutely necessary for 
the welfare of an industrial plant, con- 
tinual operation is more easily insured 
by a spare unit than by any form of 
repair that can be made in the field, 
field shop, or service station. When a 
breakdown occurs less experienced men 
can, at less expense, replace the dam- 
aged job and leave the damage to be 
repaired by more intelligent personnel. 

Furthermore, standardization of 
equipment means less overhead in 
maintaining good service, a point that 


many industrial firms overlook in pur-. 


chasing equipment. I recall one firm 
that had the greatest variety of elec- 
trical equipment that I ever saw. There 
was available every kind of motor, con- 
trol apparatus, transformer, and auxil- 
iary that I ever saw in one place. You 
can imagine the subsequent upkeep cost 
in this establishment. 

West Allis, Wis. EDWARD JAMES. 


R „ g * 


Replying to E. W. D.'s question in 
the April issue, the general trend of 
practice at the present time is to 
change armatures or do what repair 
work is necessary in the field. With a 
little forethought and system this work 
can be done with very little loss of 
time. 

However, it stands to reason that a 
first-class job of repairing cannot be 
made in the field, as in most cases time 
is limited and facilities may be lacking. 
Therefore, I believe that in the case of 
d. c. motors, especially crane motors, 
the ideal practice would be to change 
the entire motor. Then they could be 
taken to the shop and thoroughly over- 
hauled, which cannot fail to result in 
increased efficiency and greater length 
of service. 

In plants where the equipment is 
standardized, this procedure would be 
entirely practicable and still not in- 
volve a big financial outlay in duplicate 
motors. 

Existing conditions are a big factor, 
of course, in determining just what 
should be done in this particular phase 
of industrial maintenance. 


JOHN W. CUBBAGE. 
Standard Tin Plate Co., 
Canonsburg, Pa. 
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In answer to E. W. D.’s question in 
the April issue, I would like to state 
that it depends a great deal on how 
serious the repair is, on the service 
which the motor renders, its importance 
and its size, also, whether the repair 
shop belongs to the company or to a 
contractor. It is considered good prac- 
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tice in steel mills and foundries to 
keep spare motors for important ma- 
chines, such as cranes and machinery 
handling hot metal. These spares are 
kept in the field, where the motor in- 
spector can quickly substitute them for 
defective motors. In some cases, a 
whole crane is available as a spare. 
The reasons for this are obvious: the 
cost of the motor is insignificant com- 
pared with the value of a large ladle 
of metal or a cupola full of molten pig 
iron. Also, the labor cost of dropping 
bottom on a cupola is a large sum com- 
pared with the cost of an ordinary 
motor repair. Other reasons for hav- 
ing spare motors are that motors re- 
paired in the shop are more perfect 
and reliable, because the shop men have 
more time and facilities for doing a 
more thorough job, and they are gen- 
erally paid a higher salary and are 
expected to do better work than field 
repair men. 

If the repair man is an expert judge 
of motor troubles, he can probably make 
a temporary repair on a motor that 
has a slight defect, and if a shutdown 
of an hour or so does not matter, he 
can put in new bearings, or cut out a 
coil in a motor of average size. Of 
course, the necessary repairs could be 
made under almost any condition and 
anywhere within reason if the neces- 
sary mechanics are available. If the 
repair shop belongs to the company and 
the motor is not too large it is prob- 
ably the best practice to have complete 
spare motors for the more important 
drives. The transportation facilities 
available for taking motors to the re- 
pair shop will limit the size of motors 
that can be handled in the shop. 

If a motor is large, say, 500 hp. or 
over, the cost of a complete spare motor 
would be prohibitive, even if the plant 
otherwise had to be shut down a day 
or so while repairs were being made. 
Also, in the case of large hoist motors 
at mines, it would be cheaper to shut 
down the mines for a week or so to re- 
wind the motor. In this case, espe- 
cially, the cost of transporting the 
motor and moving it into and out of 
the hoisting house would increase the 
repair cost. Also, as an illustration, 
take the case of a large pump motor 
several thousand feet inside of a mine. 
In this case, it would be cheaper to 
rewind the motor right on the job. 
Acmar, Ala. GRADY H. EMERSON. 


* * * * 


Calculating Starting Resistance for D.C. 
Motors—Will someone please tell me 
how the amount of resistance that is 
used in the starting rheostats of shunt, 
compound and series d.c. motors is 
computed? (2) How are the different 
voltages obtained on the various taps 
of the compensators for a.c. motors and 
what are their usual values in percent 
of full-line voltage? 

Albert, W. Va. F. H. 


Answering the question asked by 
F. H. in a recent issue, the object 
of starting resistance is to limit the 
current through the motor armature 
during the period of starting; that is, 
until the armature attains a speed high 
enough to induce a counter-emf. suffi- 
cient to check an excessive flow of cur- 
rent. Ohm’s law may be used to deter- 
mine the amount of excess current in 
amperes that would flow before the 
armature began to turn, if there were 
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no starting resistance. Suppose for 
example that an armature has a resist- 
ance of 1 ohm and 110 volts are im- 
pressed on it; then by Ohm’s law 
I= E= R, or I=110-1=110 amp. 

If there were no starting resistance 
110 amp. would flow through the motor 
armature just before it began to turn. 
Note that the above calculation applies 
specifically to shunt-wound motors. If 
the motor were series- or compound- 
wound, the resistance of the series field 
would also have to be considered. 

To determine by Ohm's law the 
amount of starting resistance in the 
case of a series motor, assume that the 
nameplate current of the motor is 10 
amp. As this is a series motor the 
current through both armature and 
field will be the same and the arma- 
ture can safely carry away a current 
of 10 amp. Then R=110+10=11 
ohms, which is the total resistance re- 
quired. To obtain the resistance re- 
quired in the starting box, subtract 
from this total the series field resist- 
ance plus the armature resistance. 
Suppose these amount to 0.5 ohm plus 
1 ohm or a total of 1.5 ohms. Then, 
11 ohms—1.5 ohms=9.5 ohms, which 
is the required starting resistance. 

In the case of a shunt motor the 
procedure is the same except that the 
current through the shunt field must 
be subtracted from the rated current 
in order to obtain the current through 
the armature and, of course, there is 
no series field resistance to be consid- 
ered. 

With a compound-wound motor, pro- 
ceed as in the case of a shunt motor 
except that in order to obtain the start- 
ing resistance the resistance of the 
series field must be added to the arma- 
ture resistance and the resistance of 
the two subtracted from the total re- 
sistance obtained by Ohm’s law. 

As the speed of the motor increases 
the counter-emf. tends to reduce or off- 
set the applied voltage, so that less 
current will flow through the motor. 
Therefore, in order to allow sufficient 
current flow to produce the torque 
needed, the resistance must be reduced. 
Starting boxes are, therefore, made so 
that the amount of resistance in cir- 
cuit can be reduced in a number of 
steps. 

In the foregoing, the full-load cur- 
rent has been used in the formula, but 
it is a well-known fact that motors 
will carry a greater current for a short 
time, usually 125 per cent or more of 
the nameplate current rating, without 
injury. Because of this, if the motor 
must start under heavy load it may be 
necessary to allow 125 per cent or 159 
per cent of the rated current to flow 
during the starting period, instead of 
the rated current. 

A starting compensator is composed 
of one or more autotransformers. An 
autotransformer has but one winding 
which must serve for both primary and 
secondary windings. Any desired volt- 
age up to the impressed voltage may 
be obtained by taking off taps at the 
proper point from the winding. Sup- 
pose, for example, that the supply volt- 
age is 220 and we have a transformer 
coil of 144 turns with a 50 per cent 
tap taken off in the center. This 50 
per cent tap includes one-half of the 
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primary turns, or 144 2 2 72 turns and 
the voltage across this tap will be one- 
half of the impressed voltage or 110 
volts. The voltage across any tap is 
always the same percentage of the sup- 
ply or primary voltage as the turns 
included by the taps are of the total 
primary turns. 


Concord, Mass. DONALD FERGUSON. 


* * * * 


Answering F. H. in a recent 
issue, the method of calculating the 
resistance for starting direct- current 
motors is based entirely upon Ohm's 
law. It is common practice to limit 
the initial rush of current admitted to 
the motor to full-load value, and this 
determines the total resistance of the 
rheostat. This resistance can be easily 
determined by means of Ohm’s law, 
R= E- I, wherein R is the sum of the 
internal resistances of the motor and 
controller or rheostat, E is the line volt- 
age and J is the full-load current of 
the motor. From this, it will be seen 
that the stand-still resistance of the 
motor from terminal to terminal plus 
that of the controller must be known 
or at least approximated in each par- 
ticular case. 

Having determined the total resist- 
ance required for starting and the fre 
quency of starting, the designer is pre- 
pared to go further ‘nto details and 
decide upon the number of steps re- 
quired and the proportion of the re- 
sistance in each step. The accompany- 
ing table gives the usual value for the 
resistance In each step and the per cent 
of full-load current which the resist- 
ance for each step should be able to 
carry continuously with a temperature 
rise not to exceed, say, 250 deg. C. This 
table is based on a current flow of 100 


Per cent of total resistance and 
carrying capacity of each step of 
starting rheostat for d. c. motor. 
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per cent of full-load amperes on the 
first step, for light intermittent start- 
ing duty, that is, one minute starting 
out of four. 

The foregoing discussion deals only 
with the calculation of the resistance 
to be used and does not touch on the 
design of the resistance as regards heat 
dissipation. In a starting rheostat 
large quantities of heat are generated 
during the short period of starting, 
as the energy in the rheostat at that 
time is equivalent to the full, and often 
the overload, rating of the motor. In 
laying out the starting rheostat and in 
determining the size required it is help- 
ful to calculate the total heat over a 
cycle of operations. A rheostat is as- 
sumed to be laid out according to the 
A. I. E. E. test specifications, or some 
other definite cycle, and the total heat 
generated during a given period can, 
therefore, be determined. If it is as- 
sumed that radiation is practically con- 
stant during the whole period of oper- 
ation, the rate of radiation required to 
take care of all the heat generated can 
then be found and the size of resistor 
necessary determined approximately 
from a knowledge of continuous-capac- 
ity rheostats. For a short discussion 
of the calculations involved in the de- 
sign of resistance starters, I would sug- 
gest that F. H. see paragraph 431, 
section 15, 4th edition of Standard 
Handbook for Electrical Engineers, or 
consult Pender's Handbook for Elec- 
trical Engineers, 1st edition, page 1369. 

(2) Induction starters for polyphase 
motors are simply auto-transformers 
with a switching device for connecting 
the primary or stator winding first 
across reduced potential obtained from 
the starting transformer and then di- 
rectly to the line. In large sizes these 
starters are usually arranged to oper- 
ate in three or more steps, thus reduc- 
ing the starting current surges. For 
medium-size motors they are generally 
designed to give one starting voltage 


August, 1925 


ranging from 40 to 80 per cent of line 
potential; the motor is then thrown 
across the line. The starting voltage 
to be used will vary with the size of 
the motor, the resistance of its rotor, 
the starting torque required, etc. 

Auto-transformers for starting in- 
duction motors are provided with taps 
permitting the choice of any one of 
several voltages. They are, however, 
designed for starting service only and 
are not intended to be left permanently 
in circuit. The taps usually provided 
give 50, 65 and 80 per cent of line 
voltage for starting; the 65 per cent 
tap is the one ordinarily used for aver- 
age conditions. 


Fort Worden, Mash. E. I. PEASE. 
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_ Replying to F. H. in a recent 
issue, while the calculations as a whole 
are rather complicated, they are all 
based upon Ohm’s law. 

_ It may be said first that good, sound 
judgment must be used in every case, 
as the drives for different machines 
vary greatly and these variations must 
at all times be considered, especially in 
the case of large drives and on impor- 
78 machines with special characteris- 
ies. 

For instance, a drive on a machine 
requiring constant torque and starting 
under full-load condition with probably 
an allowable maximum motor starting 
current of say 180 per cent of full- 
load current, cannot be considered in 
the same manner as a large fan which 
starts under no load, the load increas- 
ing with the speed of the motor. If 
F. H. will notice closely the catalogs 
of the various controller manufactur- 
ers, he will see that each starter or 
controller is adapted only for a certain 
kind of service and the apparatus is 
intended only for that service specified. 
Disregard of these precautions is 
usually accompanied by dissatisfaction 
with the apparatus and the manufac- 
turer is blamed unjustly. In the past 
these complaints have been legion and 
the larger industrial plants today 
usually have a works engineer or in- 
dustrial engineer who properly selects 
and applies apparatus of this nature. 

Motor control and starting apparatus 
is usually divided into several classifi- 
cations. A simple starter is a starter 
and nothing more. If used otherwise 
a burnout is usually the result. A con- 
troller is designed for the control of 
motors or other electrical devices re- 
quiring similar control. The types of 
equipment and methods of control are 
many. A good work on this particular 
subject is Fox’s “Principles of Electric 
Motors and Control” published by Mc- 
Graw-Hill Book Company, New York, 
N. Y. This book covers everything the 
average maintenance man can use on 
this subject and the principles are very 
clearly explained. 

Assume that we wish to calculate the 
Starting resistor for a 35-hp. shunt 
motor operating on 230 volts, 130 amp. 
full-load current. Assume that the re- 
sistance of the armature brushes, leads, 
etc., is 0.02 ohm. Since the maximum 
starting current is to be limited to 180 
per cent of full-load current, 130 amp. 
180 234 amp. As the line voltage is 
230 volts, then by Ohm’s Jaw 230 volts 
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+234 amp.=0.983 ohm. Since it will 
require 0.983 ohm to hold the maximum 
current inrush to 180 per cent of full- 
load value, it is evident that the resist- 
ance of the armature, leads, brushes, 
etc., is included in this total, as they 
are in series with the motor armature. 
The resistance of the armature was 
taken as 0.02 ohm. Then 0.983—0.02—= 
0.963 ohm to be included in the starting 
resistor. This resistance will hold the 
maximum current rush down to about 
234 amp. This inrush of current is 
only momentary, for the armature 
starts to revolve the instant the rheo- 
stat is moved to the starting position 
and as the speed of the motor increases 
the cutting of the flux of the shunt 
field by the armature conductors gener- 
ates a back or counter-emf. in the mo- 
tor, which opposes the line voltage and 
limits the current flowing from the line. 
The starting resistance permits only a 
safe current to flow when the armature 
is stationary, in order to protect the 
motor windings. When the rheostat is 
moved to the second position, another 
peak or inrush takes place and the 
armature further accelerates, allowing 
the line current to drop again to a safe 
value. This operation is repeated until 
the motor has accelerated to its full- 
load speed, at which time the counter- 
emf. holds the line current to its full- 
load value or at a value corresponding 
to the load placed upon the motor. 
I have found the following table, 
which gives the per cent of the total 
resistance in the starter, for each step 
of a five-step starter, to be very useful: 


Ist step=30 per cent of total ohms. 

2nd step=24 per cent of total ohms. 

3rd step=19 per cent of total ohms. 

4th step=15 per cent of total ohms. 

5th step=12 per cent of total ohms. 

Applying this table to the problem 
above, we would have: 


Ist step=0.963 K.30=9.2889 ohm. 


2nd step=0.963 K.24=0.2211 ohm 
3rd step=0.963 «.19=0.1830 ohm 
5th step=9.963 X. 15 = 0. 1445 ohm 
5th step 0. 963 XK. 12 20. 1155 ohm 


It will be noticed that the resistance 
of the different steps varies, but the 
total always must remain the same for 
a given condition of load. Authorities 
differ on what constitutes the proper 
amount of the total ohms for each step, 
based upon their varied experiences. 
The results, however, generally are the 
same under average conditions. 

The same starter can be used either 
on a shunt-wound or a compound-wound 
motor, under ordinary conditions, but 
where variable- or adjustable-speed 
motors are used and the larger part 
of the speed adjustments are made by 
a field rheostat changing the shunt field 
flux, somewhat different formulas must 
be used, taking into consideration these 
conditions. 

For starting a series motor the ordi- 
nary type of starter is used, but as a 
series motor with a starter is rarely 
used except on hoists of the smaller 
type, and on cranes and other machines 
of like nature, a regulating resistor 
and controller are used. The formulas 
for the design of this type of resistor 
are more complicated. 

Automatic controllers of the mag- 
netic- and remote-control types are de- 
signed along similar lines for a given 
service, with the exception that less 
steps are required in the resistors for 
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starters. Speed regulators, automatic 
control panels used for speed regula- 
tion of various machines, are designed 
with a certain number of steps, depend- 
ing upon the amount of reduction re- 
quired. The number of steps varies 
widely; on some machines three to five 
steps are considered sufficient. On 
others the complexity of the work re- 
quires even 10 or 15 steps, and on 
some of the large printing press con- 
trollers 18 or 20 steps are used. 

In order to design a satisfactory con- 
troller, speed regulator or starter most 
of the factors have to be known and 
the available motor data must be fur- 
nished by the motor manufacturer. In 
addition, the designer has to consider 
other factors, such as the type of drive, 
the apparatus it is to be used on, the 
starting time the resistors are to be in 
actual service, starting torque, braking 
features and many others. 

Chief Engineer, P. S. PENDER. 
Metropolitan Engineering Co., 
Granite City, III. 

* * * 2 


Answering F. H. in a late issue, 
one must remember that torque is 
expressed by the equation, T= KN 
Ni., wherein T is torque, K is a 
factor which is constant for any parti- 
cular machine, & is the main field flux 
and i, is armature current. 

If a motor is called upon to start a 
heavy load from rest, the starting 
torque may have to be as large, or even 
larger, than its normal full-load value. 
If the flux at starting has its normal 
value as provided by a shunt-wound 
field, then the starting current will, ac- 
cording to the equation, have to equal 
or perhaps be somewhat greater than 
the full-load value. But since the coun- 
ter-emf. is zero when the armature is 
stationary, it is clear that at the mo- 
ment of starting the armature current 
is limited only by the small armature 
resistance and incidental series field 
connections, if the motor is compound- 
ed “long shunt.” 

Evidently, the normal small run- 
ning resistance of the armature must 
be increased at starting by inserting a 
rheostat in the armature circuit. As 
an example, a 10-hp., 220-volt, shunt- 
wound motor takes an armature cur- 
rent of approximately 40 amp. when 
carrying its rated load and has an 
armature resistance of 0.50 ohms. If 
full voltage were impressed directly 
upon the armature the initial current 
would be 440 amp., or more than ten 
times the normal full-load current. To 
limit the starting current to the full- 
load value, the resistance which must 
be put in series with the armature 
should be (220+40)—0.5=5 ohms. The 
resistance of the starting rheostat is 
usually calculated to allow the initial 
current to be somewhat greater than 
that corresponding to full-load torque. 
‘This resistance is gradually reduced in 
a number of steps as the motor comes 
up to speed. 

Starting compensators for starting 
induction motors are nothing more 
than an auto-transformer from which 
various voltages can be obtained by 
means of taps taken off at various 
points of the winding. <A large pro- 
portion of general-purpose motors have 
about 50 per cent of normal line volt- 
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age impressed upon them when the 
compensator lever is in the starting po- 
sition. . 

In the case of many large synchron- 
ous machines started by pole-face wind- 
ings, the starting tap usually provides 
about 30 per cent of full line voltage. 


CECIL H. GREEN. 
Engineering Department, 
General Electric Company, 
Schenectady, N. Y 
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Why Does This Motor Run Slow?—We 
have two wound-rotor motors, each 
rated at 325 hp., 2,300 volts, 60 cycles, 
and 1,185 r.p.m. at full load. Both of 
these motors are running about 30 
r. p. m below their rated speed. The 
frequency of the power supply is nor- 
mal, for the generators are running at 
their correct speed of 3,600 rp.m 
About nine years ago the ventilating 
fan blades were removed from the ro- 
tors of the motors and consequently 
during the summer the windings be- 
come quite hot. When the motors are 
running the pointer of the power fac- 
tor meter swings continuously. The 
pumps that are driven by these motors 
have recently been overhauled, but 
there was no increase in the speed of 
the motor. Since the pumps are run- 
ning at less than rated speed, the 
motors do not draw rated full-load 
current. Can some reader tell me 
what causes these motors to run at 
less than rated speed and how I should 
go about correcting the trouble? 
Medicine Hat, Alta., Can. E. A. S. 
In reply to E. A. S. in the May issue, 

I would say that his trouble lies in the 
rotors of the motors. My experience 
has been that where there is a drop in 
speed greater than that occasioned by 
the normal slip, the trouble has been 
in the rotor. 

Jam wondering if his controller goes 
to the full on position, shorting out the 
rotor, or whether it lacks one notch on 
the ratchet or star-wheel of going to 
the full on position, thus leaving one 
section of the grid resistance in the 
rotor circuit. 

If the pumps are belt driven the flap- 
ping of the belt would tend to slow the 
motors down and cause heating. 


Chief Electrician, EARL N. DILLARD. 
Booth-Kelly Co., 
Springfleld, Ore. 
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In the May issue, E. A. S. inquires 
why two slip ring motors run 30 r. p. m. 
below the full-load speed as given on 
the motor name plates. There are so 
many variable factors affecting the slip 
of a motor that manufacturers can not 
make any guarantee in this regard. The 
more resistance that is inserted in the 
secondary circuit of the motors, the 
greater will be the slip. If the motors 
have been in operation over nine years 
it is quite likely that the brushes now 
used on the slip rings are of a differ- 
ent quality of carbon and if their re- 
sistance is greater than that of the 
original brushes, then it would tend to 
cause a decrease in speed. E. A. S. 
also states that the motors run hotter 
than originally, due to the removal of 
ventilating fans. This would tend to 
reduce the secondary current with con- 
sequent decrease in speed. Anything 
that E. A. S. can do to reduce the re- 
sistance of the secondary circuit of 
these motors will tend to reduce the 
slip and bring the speed up as near 
synchronous speed as practicable. 


R. F. EMERSON. 
Industrial Engineering Dept., 
General Electric Company, 
Schenectady, N. Y 
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Answering the question by E. A. S. 
in the May issue, I would like to offer 
the following suggestions which I trust 
may be helpful to him. 

First, it is possible that the bearings 
may have worn sufficiently to allow the 
rotors to rub on the bore of the stators 
when the motors are running under 
load. In some cases of worn bearings 
feeler gages do not tell the whole story. 
This is particularly noticeable in cer- 
tain types of windings having parallel 
groups. In any doubtful case it is 
advisable to take the rotor out and ex- 
amine both it and the stator for bright 
spots. It is also possible that some of 
the parallel connections in either the 
rotor or stator have become open-cir- 
cuited. However, inasmuch as the 
motors do not draw full-load current, 
the trouble would appear to be in the 
rotor. I believe it would also be a good 
idea to check the power supply over 
carefully for frequency, and so on to 
make sure that there are no irregu- 
larities. 

Stratford, Ont., Can. FRANK HARLE. 
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In reply to E. A. S. in the May issue, 
the performance of these motors is, I 
should say, good rather than poor. 

Almost any good electrical book gives 
very good explanations of the action of 
an induction motor, and from these it 
can be seen that an a. c. motor, unless 
it be a synchronous motor, cannot run 
up to synchronous speed, as it depends 
on slip for the rotor currents that cre- 
ate torque. 

These motors must be six pole, and 
as the frequency is 60 cycles, the syn- 
chronous speed is 1,200. Therefore, a 
total slip of 45 r.p.m., or 3.7 per cent, 
from synchronous speed is about as 
good as could be expected. It is pos- 
sible also that there are loose or poor 
connections in the rotor, in the brush 
leads, brush contact, or some other part 
of the rotor circuits, because an exces- 
sive slip can be caused by high-resist- 
ance rotors, as is especially noticeable 
in the older types of a. c. induction 
motors, which have soldered or brazed 
end rings in the rotors. 

These explanations may not be the 
correct ones in this case. A closer in- 
spection and examination would be 
necessary to enable one to say positive- 
ly just what the exact trouble is. 

As to the power factor variation, it 
may be inequalities in suction or lift 
of the pumps causing temporary varia- 
tions in motor currents which, if much 
less than three-fourths load would be 
rising in power factor with higher cur- 
rents, and lowering in power factor 
with lower currents, because of the nat- 
ural characteristic of rapid rise in 
power factor from 15 to 20 per cent 
to 70 or 80 per cent from no-load to 
about three-fourths load. l 
Boston, Mass. EDWARD A. GIBBS. 
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Replying to E. A. S. in the May 
issue, this trouble must be either ex- 
terior to the motors or be something 
which affects both motors in exactly 
the same manner. It might possibly 
be due to reduced voltage at the motor 
terminals, as the torque of a motor is 
proportional to the square of the volt- 
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age, for any given slip. This will 
affect the speed somewhat. Also, inas- 
much as these motors have been in 
service for quite a period of years, it 
is possible that the increased heating 
caused by the removal of the fan 
blades, together with the natural de- 
terioration of the insulation and corro- 
sion of terminals due to soldering, may 
be introducing a higher resistance in 
the secondary. 

Errors can also be made by depend- 
ing on the frequency meter, as these 
meters do not always give correct read- 
ings. As an example, I know of three 
frequency meters on one system read- 
ing, 5944, 60 and 60%, respectively. 
Erroneous results are sometimes ob- 
tained when checking speed with the 
tachometer. Only a short time ago I 
had an expensive tachometer read 732 
r. p. m. on a checked speed of 727 r. p. m. 

I would assume from your statement 
that the power factor meter may reg- 
ister in accordance with the pump cycle 
or pump characteristics. This point 
can be determined by noting the rela- 
tionship which exists between the read- 
ing of the meter or the movement of 
the pointer and the pump cycle. 

It is an easy matter to check insula- 
tion resistance to ground, and from 
phase to phase. As a matter of fact, 
it is not difficult to run a complete test 
on an induction motor, but I would 
suggest that the above-mentioned 
points be checked first. 


West Allis, Wis. EDWARD JAMES. 
* g * $ 


Replying to E. A. S. in the May 
issue, assuming that the frequency is 
definitely known to be 60 cycles I would 
suggest that the rotor be gone over 
very carefully and all connections at 
the ends of the rotor coils examined 
closely, as very often a connection may 
appear to be good and still have a good 
deal of the solder melted out causing a 
high-resistance joint. Several connec- 
tions with poor joints will cause a mo- 
tor to act very queerly. After the mo- 
tor is up to speed, short-circuit the slip 
rings at the motor by putting a piece 
of heavy copper wire across the brush 
holder. After making sure that the 
rings are well shorted, take another 
reading of the r.p.m. and note if there 
is any increase in the speed. If there 
is an increase look over all connections 
at the controller and the grid resist- 
ance, as this is an indication that the 
controller is not short-circuiting the 
rotor properly on the last notch. If 
there is no increase in speed the trouble 
no doubt lies in the rotor. 

I note that the speed of the motors 
at full load is 1,185 r.p.m. The syn- 
chronous speed would, of course, be 
1.200 r.p.m. It appears, therefore, that 
these motors have very little slip for 
wound-rotor motors. Ordinarily a 
wound rotor motor has a slip consid- 
erably greater than a squirrel-cage mo- 
tor. It seems to me that about 1,150 or 
1.160 r.p.m. would be a good, full-load 
speed for a six-pole; 60-cycle, wound- 
rotor motor. Sometimes the nameplate 
data becomes disfigured and it is quite 
difficult to get the numbers correctly. 
Electrical Engineer, WM. B. CONE. 
Shevlin-Hixon Co., 


Bend, Ore. ' 
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Building Maintenance 
and Plant Safet 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 

or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


How to Tie the 
“Cat’s Paw” Hitch for Lifting 
Heavy Loads 


OR hoisting ordinary loads at- 

tached to a single rope, where a 
loop or sling is not used, the novice 
frequently has some difficulty in at- 
taching the rope to the hook. For 
ordinary light loads, particularly where 
no danger is involved, the Blackwall 
hitch, shown in the smaller of the 
accompanying sketches, is frequently 
used. However, when heavier pieces 


This shows the method of tying 
the Blackwall hitch which is used 
for handling medium light loads. 
For heavier loads the Cat’s Paw 
hitch, shown in an accompanying 
illustration, is generally more sat- 
isfactory. 


are to be handled, the hitch known as 
the “Cat’s Paw” is quickly made and 
easy to use, especially where short 
pulls must be made, and the blocks 
drawn up several times, as in the case 
of rope attached to a pole line or to a 
wire which is being pulled into a con- 
duit when the overhead room is small. 
The method of making this hitch is 
clearly shown at (A) in the accom- 
panying sketch. How it is applied to 
the hook is shown in (B). It is best 
to hold the loose end of the rope on 
each style of hitch at least until the 
load has pulled the hitch tight, to avoid 
the danger of it slipping. 

Oakland, Calif. S. H. SAMUELS. 


These sketches show how the Cat’s 
Paw hitch is made. 


This is most commonly used where 
it is necessary to make several 
hitches in a rope to draw it up tight, 
as when pulling wire in a conduit 
and for other similar purposes. For 
heavy pulls it is more satisfactory 
than the Blackwall hitch, shown in 
the accompanying illustration. 
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Lineshaft Driven Fan Helps 
Keep the Shop Cool 


N A machine shop and foundry that 

occupies a group of old buildings, 
the fan, shown in the illustration on the 
next page, is used successfully. Part 
of the machine shop is in a room which 
is pocketed, so far as air circulation 
is concerned, and has an unusually low 
ceiling. Two of these fans are in- 
stalled there and the men report that 
they would rather work in this section 
in the warm weather than in any other. 

The fans are simple affairs that cost 
about $5 each to put up and practically 
nothing to run. They are belted from 
a lineshaft that runs 120 r.p.m.; the 
fans run about 50 r.p.m., which is 
ample to keep up a circulation of air, 
but not enough to cause drafts nor stir 
up dust. 

To make these fans a single piece of 
old bar stock was bent at right angles 
and screwed to the ceiling. It is 
threaded for a nut at the lower end 
and above that is an old thrust bear- 


and put in the hook 


-Rope attached 
Fo load 
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ing. A pulley salvaged from the foun- 
dry scrap heap comes next and to it 
are attached two arms of 42-in. steel, 
which are flattened out on the free 
ends so that the sheet-metal fan blades 
may be riveted on. 

This outfit might be considered old- 
fashioned, alongside an electric fan, 


This 
driven directly from the lineshaft 
and keeps the air from stagnating 
im parts of the shop where the cir- 
culation is poor. i 


easily-constructed fan is 


but it shows up well in first and oper- 
ating costs and the results of an in- 
stallation of this sort are very gratify- 
ing. If fans are installed in a shop 
with a low ceiling, some provision 
should be made to enclose the blades 
so as to prevent accidents. 


Lubricating Kink 
Helps in Automatic Feeding 
of Material 


ERHAPS two of the most important 

causes leading to diminished and 
inefficient production can be laid to 
frictional wear on machine parts, which 
requires frequent stoppage for replace- 
ment, and to difficulties experienced in 
obtaining smooth and continuous feed 
of material over frictional bearing sur- 
faces. The obvious solution of these 
difficulties is lubrication. 

For trimming the “burr” or “flash” 
from the bearing surface of large, hot- 
forged, track bolt nuts, the Buffalo Bolt 
Co., uses a series of electrically driven, 
semi-automatic, nut-burring machines. 
The design and operating character- 
istics of these machines are as follows: 
At one side of the machine is a large 
wooden box in which the untrimmed 
nuts are stored preparatory to trim- 
ming. A girl operator places the nuts 
face-up in a gravity feed chute. The 
untrimmed nuts slide down the chute 
by their own weight and feed auto- 
matically, one by one, in front of a 
pusher-arm which shoves each nut 
under a vertical revolving cutter head. 

As each nut is placed in position by 
this pusher-arm, the cutter head de- 
scends, trims the “flash” from the face 
of the nut, and then returns to its orig- 
inal position. The trimmed nuts are 
then pushed ahead by those in back; as 
the end of the guideway is reached, the 
nuts fall into a steel container placed 
on the floor. 

In operating the feed action, how- 
ever, two difficulties were at first en- 
countered, particularly when feeding 
hexagon nuts. First, the friction 
action of the nuts scraping against the 
sides of the runway wore the metal so 
rapidly that frequent shutdowns and 
replacements were necessary. The 
second difficulty was due to the jam- 
ming of the hexagon nuts in the run- 
way, because the width of the runway 
is made slightly larger than that of the 
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nuts in order to permit free feed of the 
material. During the feeding opera- 
tion two opposite sides of each nut are 
parallel with the sides of the runway 
which brings a corner of each hexagon 
nut against a corresponding corner of 
the one in front and in back of it. Due 
to the combination of these two fea- 
tures, the natural tendency of the nuts, 
when being forced along by the action 
of the pusher-arm, is to turn, so that 
each nut tends to climb-up on the nut 
in front. When this occurs the feel 
action jams and stops. 

Both of these difficulties have been 
overcome by a simple and inexpensive 
method, which consists of sprinklin? 
a small quantity of cheap lubricating 
oil on the pile of untrimmed nuts in 
the wooden container. The oil quickly 
spreads over the surface of each nut 
and covers it with a film of lubricant. 
This lubricant in turn is imparted to 
the main chute, the horizontal runway, 
and the cutter tools as feeding pro- 
ceeds. Thus the nuts themselves keep 
the feedways automatically lubricated 
at all times, and thereby has been elim- 
inated all jamming of the material and 
frictional wear of the machine parts. 


Ruffalo Bolt Co., ARTHUR L. GREENE. 
N. Tonawanda, N. Y. 


Points to 
Consider When Painting Ex- 
posed Sheet-Metal Work 


OME painters believe that tin roofs 
should not be painted until after 

the tin has rusted; also some tinners 
have a theory that galvanized work 
ought not to be painted at all. There 
is a bit of truth in each. Because tin 
and galvanized iron are extensively 
used for roofs, gutters and leaders it 
behooves every executive of the main- 
tenance department to know how to 
take care of them; otherwise they will 
become more expensive than copper 
products. The first thing to consider 
is that the so-called “tin” or tinned 


iron and galvanized iron are ferrous / 


products and will rust, once dampness 
gets through the protective coating. 

There is a greasy film on the sur- 
face of new tin and a residue from the 
zinc-coating process on. galvanized iron. 
The reason that men in the building 
trades wait before painting is to give 
the elements a chance to wash off these 
superfluities. It is better to have them 
off, but Nature does not draw the line 
close enough, with the result that rust 
often sets in at once and the removing 
process really starts an oxidation that 
never ceases. A coat of paint over rust 
does not stop the rusting. 

Between the two extremes of paint- 
ing too soon or waiting too long before 
painting, it is better to paint too soon; 
that is, paint when the material is ap- 
plied. No harm can be done and cer- 
tainly some rust spots will be avoided. 
The greasy surface can be painted 
over; or it can be cleaned first with a 
soda solution made by mixing ordinary 
washing soda with 20 times its volume 
of water and bringing the solution to 
the boiling point. On large surfaces it 
is possible to run the hot soda water on 
with a hose, but for the most part such 
jobs are relatively small and the hot 
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water can be brought to the job in 
pails. The solution is applied to the 
surface with brushes or rags, and it 
dries quickly without causing rusting. 

In so far as the writer has seen, 
there is no objection to painting new 
tin as soon as put down. The priming 
coat of paint will contain linseed oil as 
a vehicle, and whatever grease or oil 
remains on the tin from its manufac- 
ture, or has been applied to protect it, 
will be present in relatively small 
amounts and will be absorbed by and 
mixed with the oil of the paint. Roof 
or bridge paint, or machine paint, well 
brushed on, is a safeguard that should 
be applied at once and doubts as to its 
efficacy forgotten. 

Galvanized fittings should be painte ! 
as a preventive of maintenance ex- 
pense. It is safe to allow rain to wash 
off the surface coating, but the paini- 
ing should be done not later than a 
month after erection. 

The popular expression, “Do it now,” 

applies more truly to the painting of 
outside construction than to inside 
work, especially if maintenance is kept 
in mind. If galvanized construction is 
good “as is,“ it is far better and will 
last twice as long when properly 
painted. 
[t has been the writer's experience 
with outside maintenance that good, 
priming-coat machine paint is suitable 
for outside metal parts. In our plant 
Sherwin-Williams machine paint is 
kept in stock to be used on the product. 
To purchase the few gallons of other 
paint necessary to coat leaders seemed 
ridiculous when there was a metal 
paint on hand which would stick to 
castings. This led to the experiment on 
roofs. When mixed with pure linseed 
oil, this paint has been applied to gut- 
ters, elbows and flashings. When thor- 
oughly dry, a second coat of the brown 
or green outside building trim is then 
put over the black machine paint. So 
far as the writer knows, every applica- 
tion of this paint is in splendid shape. 
A neighboring plant uses an asphaltic 
paint that is mixed with gasoline for 
the priming coat on roofs and it, too, 
seems to be a good outside protector. 

When possible, it is best to do roof 
and gutter painting in the summer 
season during periods of drouth. Paint 
has a weaker grip on metal than on 
wood, and surfaces that are nearly hor- 
izontal wash more than those that are 
vertical. To avoid this, painting should 
be done at a time when there are not 
likely to be heavy rains. Other outside 
painting can be coaxed along at almost 
any time of the year, but it is worth 
while to replace gutters in dry weather 
and paint them at once; it is better to 
do this than to have paint flowing out 
of the ground spout. 

Elbows rust out faster than any 
other part of a pipe line and to pro- 
long their life should be given two 
coats of paint before putting up. The 
elbow that takes away from a gutter 
can be painted and repainted without 
removing. It is worth the trouble, too, 
for it is usually the first part to rust 
out. This is due to the piling up of 
leaves and dirt which retain moisture. 

DONALD A. HAMPSON. 
Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y 
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Method of Using Test Lamp on 
Grounded Circuits 


ANY electrical repairmen prefer 

a magneto and bell for testing 
motors for grounds and opens. This 
is a safe and convenient method, but 
hardly fills the need for testing motors, 
controllers and wiring where operating 
conditions involve service in the pres- 
ence of moisture and chemicals. The 
magneto test is often deceiving under 
such conditions as in indicating a 
ground it does not discriminate between 
a solid and a high-resistance ground. 
The latter, however, is undesirable, 
and may come and go due to various 
conditions of moisture and temperature. 

A very satisfactory testing device for 
general conditions is shown in the ac- 
companying illustration. Two porce- 
lain sockets are mounted back-to-back 
and bolted together. In each socket is 
placed a 50-watt, carbon or mill-type, 
250-volt, lamp. This voltage of lamp 
will be satisfactory for use on 440-volt 
circuits. For 250-volt circuits, two 110- 
volt lamps, may be used. The lamps 
are connected so that one lamp is in 
series with each test line. In other 
words, one lamp is in series with one 
of the test leads shown at the top of 
the illustration and with a correspond- 
ing bottom test lead. This prevents a 
flash or short-circuit to ground which 
might occur in case only one lamp were 
used in one test lead and no lamp in 
the other. In case only one lamp were 
used, a short-circuit might occur if the 
power supply used for testing became 
grounded, which is quite often the case, 
and one end of the test lead not hav- 
ing a lamp in series with it, were con- 
nected to the ungrounded side of the 
power supply and the other end of this 
same test lead connected to the ground- 
ed side of the device under test. 

In order to prevent burning out a 
lamp due to a ground putting full line 
voltage on one lamp, a test should first 
be made from each line wire to the 
motor frame or the frame of any other 
device that may be under test. If no 
light is obtained from any line wire to 


Electrical Service 
Around the Works 
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For this section ideas and practical methods devised 


to meet particular operating conditions are invited | 
from readers. 


overhauling, testing or special installations. 


— 


The items may refer to inspection, 
| 
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the frame of the device under test, one 
side of each lamp, that is, either the 
top pair of test leads or the bottom 
pair of test leads in the illustration, is 
fastened to two of the line clips of the 
open motor switch. The other two test 
leads may then be used to test be- 
tween the winding and frame or dif- 
ferent parts of the windings, or to test 
fuses, compensators, and the like. 
Quite often in case of grounds that 
are heavy enough to be serious, a small 
amount of smoke will be made during 
the test and the ground thereby located. 
The remainder of the winding will not 
be damaged. The resistance of the 
ground may be gaged by the brilliancy 
of the lamp, after some little experi- 


ence. J. ELMER HOUSLEY. 
lzlectrical Engineer, 

Aluminum Company of America, 
Alcoa, Tenn. 
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Two flat-mounting 
porcelain sockets, 
bolted together and 
taped over 


8'to 10' of No.l6 
lamp cord .. -> 


The feature of this test lamp is 
that it affords safety to the user 
by having a lamp in series with 
each lead. 


Either the top or bottom pair of 
test leads may be connected to the 
power supply. Then, when the 
other end of either test lead is con- 
nected to a ground and one side of 
the power supply is grounded, there 
will always be a lamp in series 
with the ground, thereby prevent- 
ing. a short-circuit that might in- 
jure the tester. 


d aoe 


Trouble on 
Low-Voltage Trip Corrected by 
Time-Delay Relay 
E THE early days of electric power, 

interruptions to service were fre- 
quent and long. A slowing down and 
stopping of the motors warned the en- 
gineer that something was wrong. 
Through experience he learned that it 
was expedient to open the motor switch 
immediately when the service interrup- 
tion occurred. If the motor switch 
were left closed when the service was 
restored the motor would be at a stand- 
still and connected to full voltage, 
which caused many a burnout of the 
motor windings. 

As the art of automatic protection 
developed, a low-voltage trip was in- 
stalled on every motor switch. This 
consisted of an armature and a coil 
connected across the line voltage or 
across a potential transformer. The 


_ armature was mechanically connected 


to a device for opening the switch. 
When the line voltage dropped below a 
certain minimum, the coil would re- 
lease the armature, causing the switch 
to open. 

This protective device is at present 
installed on almost every motor switch. 
Only a few mechanical improvements 
have been made in the course of time. 
The device functions instantaneously 
and has served the purpose it was 
maae for. 

However, conditions have changed 
considerably since the time when this 
form of protection was devised. Mod- 
ern power companies have only a few 
interruptions to service and most of 
these are extremely short. They are a 
mere flickering in the voltage; that is, 
a voltage dip, caused by some disturb- 
ance or switching on the power system. 
As the voltage during such a dip often 
drops lower than the holding voltage 
of the low-voltage coil, the low-voltage 
trip immediately opens the switch and 
shuts down the motor. This is unnec- 
essary as the motor will stand for a 
short dip in voltage because the inertia 
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of the rotating parts will keep the 
motor in motion for a short period. 
Consequently this kind of protection 
now causes more trouble in the plant 
than it prevents. In paper mills, ice 
plants, sugar refineries and the like, 
there are a large number of motors 
which are so essential to the manufac- 
turing process, that even a short shut- 
down will cause a loss. 

The result of this is that many plant 
engineers have preferred to eliminate 
the low-voltage coil or block it mechan- 
ically. This again endangers the motor 
windings in case a service interruption 
lasts so long that the motors lose too 
much speed. 

On the other hand power consumers 
are getting used to such good power 
service that they hold the power com- 
panies responsible for losses caused by 
power interruption. This attitude 
gives considerable concern to power 
companies. Some of these apparently 
felt guilty for some other reason and 
tried to improve conditions by chang- 
ing the customers’ protection devices. 

owever, I believe that this is en- 
tirely the wrong attitude. It is true 
that some power systems could be im- 
proved and some of the voltage dips 
eliminated, although it is impossible to 
eliminate them entirely. Line disturb- 
ances are mostly due to lightning and 
accidental short-circuits. It is unrea- 
sonable to charge a power company 
for not being able to do the impossible. 
The status is rather confused now be- 
cause some power companies have given 
in and many have not taken a definite 
stand. 

The solution lies in the use of a low- 
voltage trip attachment that does not 
function instantaneously but will hold 
on as long as the motor is running at 
such a speed that it can recover from 
the disturbance. A relay having a 
time delay will serve the purpose. 

It is evident that the power con- 
sumer should pay for this improved 
protection. He did not object to paying 
for the instantaneous low-voltage trip. 
There is no reason why he should ex- 
pect the power companies to pay for 
an improved protection. 

To my knowledge there is at present 
no mechanical, time-delay low-voltage 
coil on the market. However, by using 
standard apparatus a time delay can 
be obtained, provided there is a conven- 
ient source of direct-current supply. 
This is possible with all synchronous 
motors, as the motor already depends 
upon direct-current for excitation, and 
this can be used for the tripping cur- 
rent. In the case of induction motors 
it is desirable to have a 12-volt bat- 
tery. This will be objectionable for 
small installations, but in the case of 
large motors the additional battery cost 
is negligible. 

The reason that a source of direct 
current is needed is so that there will 
be power to work the trip after the 
alternating-current supply has failed. 
If there were an alternating-current 
supply available that was absolutely 
independent of the supply for the 
motor, it could be used for operating 
the trip mechanism. To have two such 
power supplies would be very unusual, 
while having an independent direct- 
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current supply would not be uncommon. 

If a 110-volt direct-current supply 
is available, the original alternating- 
current, low-voltage coil can be used 
in most cases. A resistance is con- 
nected in series with this coil, which 
should be of such value that when coil 
plus resistance are connected across 
the 110-volt direct- current supply, the 
current flow through the coil will be 
equal to the original alternating cur- 


A voltage relay having a time ele- 
ment prevents shutting down the 
motor in case of momentary dips. 


The operating coil AB is connected 
across one phase of the alternating- 


current supply, as shown. In case 
the voltuge dips below 60 per cent of 
normal the relay begins to operate. 
After a time interval, which may be 
adjusted to suit the individual re- 
quirements, the contacts CD are 
closed, thus shorting the trip coil on 
the circuit breaker and causing the 
oil switch to open. 


rent that flowed through the coil. A 
standard voltage relay having an in- 
verse time element, such as a Westing- 
house type CV relay, is connected 
across the line voltage or the secon- 
dary of the potential transformer in 
the same way as the low-voltage coil 
was connected previously. This con- 
nection is shown in the accompanying 
diagram. 

The relay will start closing its con- 
tacts when the voltage falls under 60 
per cent of the normal voltage. It is 
desirable to set the time element of the 
relay so as to close the contacts in one 
second when the voltage drops instan- 
taneously to zero. These contacts will 
short-circuit the low-voltage coil and 
thus open the motor switch. This gives 
a time delay in the action of the trip, 
which will keep the motor on the line 
during momentary voltage dips. 

The cost of this change consists of 
the cost of a resistance tube, of a stan- 
dard relay, and of some wiring. This 
is usually liberally paid for if the ar- 
rangement eliminates one or two shut- 
downs. 

Several plants have been equipped 
with this arrangement, and I have 
found that the results obtained are very 
favorable in each case. One plant had 
nine shutdowns during 1923. In Janu- 
ary, 1924, the above arrangement was 


installed, which resulted in totally 
eliminating shutdowns during that 
year. 


It is self-evident that this or any 
similar arrangement can only eliminate 
trouble due to voltage dips of short 


Vol. 83, No.8 


duration. It is impossible and inad- 
visable to keep a motor on the line if 
the power supply fails for longer inter- 
vals. J. A. VANDERPOLL. 
Assistant Field Engineer, 


Westinghouse Electric & Mfg. Co., 
New York City. 


Saving Due to 
Care in Turning Out Mill Lights 
When Not Needed 


HE importance of turning out 

electric lights when they are not 
needed, is frequently not realized. 
However, this is an example of a very 
large, needless expense which runs up 
the lighting costs markedly in a plant 
of any size. 

In one of the large works investi- 
gated by the writer it was estimated 
that 35 per cent of the lamps of 400 
watts and larger were left burning 
when not needed. The lighting load 
amounted to about 400 kw. After a 
little educational work by authority of 
the management only about 5 per cent 
of the lamps were left burning in the 
day time. ; 

The saving was estimated at 1,440 
kw.-hr. per day, which at the low cost of 
14 cents per kw.-hr., amounts to $18 
per day. In the course of a 300-day 
year this means a saving of $5,400. 

D. W. BLAKESLEE. 


Electrical Engineer. 
Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 


How Variations in 
Voltage and Frequency Affect 
Induction Motors 


N THE second edition, April, 1925, 
of The Electric Power Club’s Motor 
and Generator Handbook, the following 
comments are made regarding the per- 
formance of induction motors when 
operated at voltages and frequencies 
other than those for which the motors 
were designed: 

Induction motors are at times oper- 
ated on circuits of different voltage or 
frequency from that for which the 
motors are rated. Under such condi- 
tions, the performance of the motor 
will vary from the standard rating. 
The following is a brief statement of 
some operating results caused by small 
variations of voltage and frequency, 
and is indicative of the general char- 
acter of changes produced by such vari- 
ations in operating conditions. 

Voltage variations of 10 per cent on 
power circuits are allowed in most com- 
mission rules. However, changing the 
voltage applied to an induction motor 
has the effect of changing its proper 
rating as far as power factor and effi- 
ciency are concerned, in proportion to 
the square of the applied voltage. 
Thus a 5-hp. motor, operated at 10 per 
cent above the rated voltage, would 
have characteristics proper for a 6-hp. 
motor (6.05 hp., to be exact); and at 
10 per cent below the rated voltage, 
those of a 4-hp. motor (more exactly 
4.05 hp.). It is, of course, obvious that 
if the rating of a motor were greatly 
increased in this way, the safe heating 
would frequently be exceeded. 
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In a motor of normal characteristics, 
at full rated horsepower load, a 10 per 
cent increase of voltage above that 
given on the nameplate would usually 
result in a slight improvement in effi- 
ciency and a decided lowering in power 
factor. A 10 per cent decrease of volt- 
age below that given on the nameplate 
would usually give a slight decrease 
of efficiency and an increase in power 
factor. 

The starting and pull-out torques 
will be proportional to the square of 
the voltage applied. With a 10 per 
cent increase or decrease in voltage 
from that given on the nameplate, the 
heating at rated horsepower load will 
not exceed safe limits when operating 
in ambient temperatures of 40 deg. C. 
or less, although the usual guaranteed 
rise may be expected. 

An increase of 10 per cent in voltage 
will result in a decrease of slip of about 
17 per cent, while a reduction of 10 
per cent will increase the slip about 
21 per cent. Thus if the slip at rated 
voltage were 5 per cent, it would be 
increased to 6.05 per cent, if the voltage 
were reduced 10 per cent. 

Higher than rated frequency usually 
improves the power factor, but de- 
creases starting torque, and increases 
the speed, friction and windage. At 
lower than rated frequency, the speed 
is, of course, decreased; starting torque 
is increased; and power factor is 
slightly decreased. For certain kinds 
of motor load, such as in textile mills, 
close frequency regulation is essential. 

If variations in both voltage and fre- 
quency occur simultaneously, the effects 
will be superimposed. Thus if the volt- 
age be high and the frequency low, 
the starting torque will be very greatly 
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increased, but the power factor will be 
decreased and the temperature rise in- 
creased with normal load. 

The above facts apply particularly to 
general-purpose motors. They may not 
always be true in connection with spe- 
cial motors, byilt for a particular pur- 
pose, or as applied to very small motors. 


An Example of 
What Plant Men Can Do to Help 
Speed Up Production 


N IMPORTANT part of the work 

of industrial men lies in provid- 

ing many miscellaneous devices which 
facilitate plant operation and often 
production. This phase of the plant 
man’s duties is well illustrated by the 
special car, shown in the accompanying 
illustration, which was constructed by 
the men in the Electrical Department 
of The Studebaker Corporation. Here 
it was necessary for a man to drive 
the automobile down an incline in tak- 
ing it from one department to another 


This car was built by the men in 
the Electrical Department of The 
Studebaker Corporation, to per- 
form a special task. 


In transferring automobiles from 
one department to another, a driver 
takes them down an incline. To get 
back to the top quickly enough to 
handle the next automobile necessi- 
tated almost running up a 35 to 40 
per cent incline. This car, driven 
by an electric motor, carries the 
driver up hill faster than he could 
walk and returns to the bottom of 
the incline under the control of a 
fly-ball governor, so that it is ready 
for him when he comes down again. 
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and then to walk back up the incline 
to the starting point. To keep up with 
the output of cars demanded that the 
man walk about two and one-half to 
three miles a day up this 35 per cent 
incline at a fast pace. This was fa- 
tiguing and he would slow down on the 
work late in the day. 

Finally, to relieve him of this uphill 
walk, the special car shown in the ac- 
companying sketch was built. This is 
driven by an electric motor and con- 
trolled by the lever shown near the 
man’s hand in the illustration at the 
right. The car is guided by an I-beam 
in the center of the track and is driven 
by the motor through chains and 
sprockets attached to the drive wheel. 
A fly-ball governor regulates the speed 
at which the empty car travels back 
down the incline by gravity. Current 
is transmitted to thé motor through a 
brush contact on a trolley which is 
placed under an insulated beam close to 
the wall, as can be seen in the illustra- 
tion at the left. 

When the driver leaves the automo- 
bile at the foot of the incline, he steps 
onto the car, steadying himself by the 
handrails, and rides to the top of the 
incline. When he steps off the car, it 
automatically returns to the bottom of 
the incline by gravity. This car 
was constructed entirely from surplus, 
miscellaneous material. 

The primary object of this equip- 
ment was to provide means which 
would not only make it easier for the 
man to get to the top of the incline, 
but also would speed up the operation, 
particularly toward the latter part of 
the day. This is only one example of 
the ingenuity which the typical plant 
man can apply in case of necessity. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 


Mechanical Maintenance of 


Power 


Bearing Renewals in 
Centrifugal Pump Made Easy by 
Adding Bearing Pedestal 


NE instance of where maintenance 

kinks have made a saving in oper- 
armg expenses was in the case of a 
heavy-duty centrifugal pump, of old- 
fashioned design, that was on 24-hr. 
duty where a shutdown caused a con- 
siderable loss in production. This 
pump was driven by a steam turbine, 
direet- connected, with a 600-r. p. m., 150“ 
hp. motor idling on the opposite side 
as a standby drive. 

The bearings on the pump were at- 
tached to the pump cover, and were of 
a solid type which entailed the with- 
drawal of the shaft through the bush- 
ing in order to renew them. To do 
this, first the turbine had to be discon- 
nected, the motor disconnected and 
pulled back, the couplings on the pump 
shaft removed and the end plates on 
the pump casing taken off. Not until 
all this had been done could the shaft 
and impeller be drawn back far enough 
to slip the bearing bushing off. It took 
4 hr. to pull.the pump down, and at 
least ay long to put it together again. 

The maintenance engineer wrote to 
the manufacturer of the pump about 
installing a split bearing on a separate 
pedestal where it could be gotten at 
without all this trouble. There was 
no redress from this quarter, however; 
the pump was made in that way and 
there the matter must rest, as far as 
they were concerned. The maintenance 
engineer thought differently and made 
a visit to the scrap heap, the happy 
hunting ground of maintenance work- 
ers. An old pedestal was dug up that 
did not need much work on it to make 
it into a serviceable bearing base. The 
problem of finding a 3 1½-in. split bear- 
ing block was not so easy; so one was 
burned out of an old crank disk that 
had been discarded. This was machined 
up and slotted to carry a split bearing 
shell. A cap was machined out of the 
same old disk and fitted to the block. 


service from the first mechanical driv- 


* 
Drives ing element through 
equipment to all driven machines. 


When all was ready to install the pump 
was shut down. 

This was done nearly a year ago and 
the bearing has not given a moment 
of trouble. New bearing bushings can 
be slipped in in 10 min. Also, it is pos- 
sible to take them up from time to 
time, which was never possible before. 

This work probably cost in the 
neighborhood of $100 for labor, a few 
dollars’ worth of scrap and the cost of 
a 3-hr. shutdown of the pump under 
the old conditions. Results of this sort 
can hardly fail to show the value of 
maintenance work even to the most 
conservative of managements, and they 
emphasize the point that maintenance 
is a safeguard against repairs, rather 
than something to be classed in the 
same category. MAURICE COCKSHOTT. 
Los Angeles, Calif. 


How to Line Up a Motor Pinion 
With the Gear It Drives 


UNIVERSALLY recognized, but 

so far unheeded, lack in the con- 
struction of electric motors is the ab- 
sence of lining faces, such as machined 
surfaces or pads, that are parallel to 
the armature shaft in one or more 
places and which could be used to line 
the motor correctly with the shaft it 
is to drive. 

When the motor is first placed, the 
average method used to align it is to 
provide a reasonably level platform for 
it to rest upon. The motor is made 
parallel with the shaft by some such 
means as, laying out a right-angled 
line on said platform, measuring with 
a stick at two sides of the motor cas- 
ing, or by placing a straightedge 
against the pulley or gear on the 
driven shaft and trying to bring the 
smaller pulley or pinion (on the motor) 
to bear against this at opposite points 
on its rim. In some cases a motor has 
a sub-base with planed top and bottom 
and planed ways on which the ma- 
chined feet of the motor slide. These 
may be readily aligned, but the ordi- 


transmitting 


nary sub-base has nothing more than 
cored slots to guide the motor. 

A silent-chain drive will work fairly 
well, if the centers are not less than 
recommended by the makers, even 
though there is some inaccuracy in the 
motor setting. Of course, the life of 
the chain is thereby decreased but it 
will continue to carry its load as long 
as it will last. A belt drive will do 
as well as the chain as long as the im- 
perfect setting merely puts a twist in 
the belt. However, if the shafts are 
not -parallel, the belt immediately 
climbs the pulley. The result is that 
the belt either slips off repeatedly or 
delivers only fractional power because 
only part of its width is on the pulley. 
Also, in the latter case, part of the belt 
receives all the wear. 

The gear drive, even though out of 
alignment, will continue to operate as 
long as the teeth are in mesh. Partly 
for this reason and partly because 
these close-up settings are hard to 
check, the gear drive generally re- 
ceives less attention than the other 
types of drives. Except where the in- 
dividaul motor drive is arranged for in 
the builder’s design, it is safe to pre- 
dict that fully half of the existing 
drives in use would be found to be in- 
accurately set, if a careful check were 
made. Even on many supposedly cor- 
rect drives, the motor has planed feet 
resting on flat surfaces which permit 
sufficient shifting to reduce by half the 
life of the gears. 

Replacements of gear drives by chain 
generally originate in the desire for 
more quiet operation; however, the 
noise of properly cut and meshed gears 
on correctly aligned shafts should not 
be so great as to warrant the expense 
of changing for this reason alone. With 
noisy gears, generally much of the 
noise is due to the fact that the teeth 
are not correctly meshed and wear 
much more rapidly than do gears 
where the teeth carry equal loads and 
are perfectly aligned. 

The writer knows of one installation 
where an 18-to-54 tooth, 3-in. pitch 


August, 1925 


drive was replaced every month for a 
year before the maintenance man told 
the owner that the gears wore from 
lack of alignment. The man who had 
put in the motor leveled up the tim- 
bers on which it was mounted and lined 
the shafts with a stick, which was all 
he had to work by. This was only an 
approximate setting to begin with and 
the timbers sagged in time, making 
things worse. Probably it would not 
have cost 50 cents to have machine:l 
some surfaces on the motor when it 
was built which could have been used 
to check alignment. If these had been 
there and used it would have saved the 
buyer $50 a month because the original 
installer could have had something fin- 
ished to work by. Also other mechan- 
ics could have used them when gears 
were changed. The lack of such faces 
caused them all to dodge the task of 
checking alignment. 

It is possible, by taking more time 
‘to the work, to line up motors with 
considerable accuracy. The tools re- 
quired are one or all of the following: 
micrometers or calipers large enough 
to make an over-all measurement when 
the gears are in place, a level, a 


straightedge, a measuring rod, and 
metal feelers. Good lighting is also 
necessary. 


How the caliper measurement is 
taken is shown in A in the accompany- 
ing drawing. It is essential in this that 
the gears be turned straight on their 
outside diameter. Measuring the gears 
at each edge will disclose any inaccur- 
acy in setting, although with a narrow 
gear face this test becomes less valu- 


Gear shaft- 


Motor pinion shaft 
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able. The use of a micrometer caliper 
makes this a most significant test be- 
cause any marked difference in the 
readings shows that the gears are 
meshed deeper on one side than the 
other and that only when the tooth 
shapes become worn will there be a 
bearing clear across. The same test 
may be made even more advantage- 
ously when the gears can be removed 
from their shafts, because the shafts 
are usually longer than the face of the 
gear, which permits a greater spacing 
between the measurements. Also, a 
reading which is made directly on the 
shafts avoids the inclusion of possible 
error in the turning of the gear 
blanks. This misalignment may be 
corrected by shifting of either motor or 
machine part until the reading is the 


Four methods which may be used 
to check alignment of a gear and 
its driving pinion. 

When gears and pinions are not 
aligned correctly they do not mesh 
properly, are noisy and wear rap- 
idly. Where the face of the gear is 
wide enough. calipering the out- 
side diameters, as at A, will show 
the correctness of the setting. If 
-the sides of the gear and pinion are 
true and they can be slipped along 
the shaft a straightedge, B. can be 
used. Perhaps a still better method 
is to remove the gears and pinions 
and check the shafts with a level 
as at C and also with calipers as 
was done in A. Revolve the shafts 
90 and 180 deg. and test with the 
level to see that they are not bent. 
Paper feelers, D. used as shown, 
and a metal feeler at 5 are addi- 
tional checks which can be relied 
on only when the teeth are true and 
not worn by previous misalignment. 
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same at both points, which indicates 
that the gears are set to an even depth. 

Another test for the same alignment 
is made as shown by B. Here, a 
straightedge is held against one face 
of the pinion and the rim of the gear 
checked with this at opposite points for 
parallelism. This test is performed to 
best advantage when the gear can be 
moved on its shaft, carefully, to bring 
it within paper-feeler distance of the 
straightedge or within the thickness of 
metal feelers. To be of real value, the 
face of the pinion and the rim of the 
gear must be cut true with the bore 
and the fit upon the shafts must be 
close enough to avoid rocking. 

The level is an instrument of pre- 
cision, even in the hands of the un- 
skilled. A piece of paper the thickness 
of this page placed under one end of a 
6-in. level will move the bubble about 
1/32 in., which is easily noted on a 
graduated tube. In C, the shafts of an 
overhead planer drive have had the 
gear and pinion removed for the level 
test and for an over-all measurement, 
by calipers as at A. A short level is 
better than a long one, when used on 
stub shafts such as these. When the 
center line between tne two shafts is 
roughly horizontal, one shaft that is 
not level will cause imperfect meshing, 
so that the teeth of the pinion will ride 
on one corner only and the teeth of the 
gear on the opposite corner. 

Properly adjusted gears should have 
0.002-in. clearance between teeth. A 
good test of this can be made with a 
0.002-in. feeler or slip of newspaper, as 
shown at D. Such a test need be made 
at one side only and shows that the 
teeth are meshed to proper depth. An 
additional test for even setting across 
the face can be made with metal feelers 
or with a piece of wire filed in the 
lathe to a slight taper. This piece is 
inserted in the space marked s in D. 
If the taper piece goes in the same 
depth on each side, the shafts may be 
assumed to be parellel in that one 
plane. Feelers also show this. 

By these methods, a motor can be 
lined with the driven shaft to a fair 
degree of commercial accuracy. The 
work is not open and direct, but re- 
quires care and patience because the 
measuring points are close together 
and some of the measurements require 
a nicety of feeling not generally asso- 
ciated with millwrighting. This work 
would be much easier done if spots 
were faced off on top of the motor, on 
each side, and a cut taken across the 
ends of the feet, which would provide 
known working points in two planes 
and at a good distance apart. 

To secure the benefit of widely 
spaced measuring points, a measuring 
rod or tram can sometimes be employed 
to read between the driven shaft and 
the centers of the armature shaft. All 
motors are not open at the rear end, 
but some have a removable plate that 
will expose the center in that end. If 
properly done, this is a good check. 

The large and unnecessary cost of 
pinion renewal is a big drag on upkeep 
funds. Many worn pinions are scrapped 
for so-called “noiseless” ones which also 
wear because they are not properly 
aligned. DONALD A. HAMPSON. 
Plant Superintendent, 


Morgans & Wilcox Mfg. Co., 
Middletown, N. X. 
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In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 


How to Remove 
Field Cores from Fractional 
Horsepower Motors 


HE article by G. H. Ennis on 

page 302 of the June issue on re- 
moving tight fan motor field cores, 
reminds me of the method I devised 
and use for this work. A standard 
vise is the only tool required to re- 
move any style of core. 

The field core of the motor usually 
projects out of the housing a distance 
of % in. or more so as to form a seat 
or joint for the removable end bell. 
The jaws of a vise are opened wide 
enough to permit the field core to pass, 
but not far enough to let the housing 
of the motor go through. Naturally 
all screws and bolts holding the core 
to the housing must be removed. 

By bumping one edge of the hous- 
ing on the jaw of the vice, as shown 
in the accompanying illustration, and 
turning the motor around slightly 
every few bumps, the field core will 
slide out of the shell. Only one side is 
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By resting one edge of the motor 
housing on one jaw of the vise and 
bumping the other edge of the 
housing against the other jaw, even 
a very tight field core may be 
easily forced out. 


bumped on the jaw at a time while the 
other is held on the other jaw to act 
as a hinge. 

The jaws of the vise should be 
square, or sharp to prevent battering 
of the edge of the housing. I have 
never seen a core fail to come out by 
using this method, no matter how 
tightly it fitted in the housing. The 
edge of the housing may be~ battered 
slightly, but that is better than dam- 
aging the windings or the core as is 
usual when hammering on a punch 
placed through the vent holes against 
the end of the core. The burrs on the 
housing can be removed with a file. 

This method seldom requires over 
five minutes to remove the tightest 
cores, which I have seen require nearly 
an hour by other methods. Further, it 
can be used on any kind of a fan or 
other fractional horsepower motor. 
Large cores can be removed in the 
same manner by bumping them on 
angle-iron bars fastened to supports. 
Chicago, III. CARL G. HOWARD. 


How to Dip and Bake Armatures 
to Secure Long Life 


T IS becoming generally agreed that 

dipping and baking armatures re- 
sults in considerably longer life be- 
tween rewinds and thus is decidedly 
worth while. The following procedure 
for cleaning, repairing, preheating, dip- 
ping, draining and baking has been 
subjected to recent investigation and 
is now being used with considerable 
success, For armatures being over- 
hauled, the following procedure is rec- 
ommended. 

Cleaning—When the armature is 
very dirty remove the dirt and grease 
with a scraper. Then clean with ben- 
zine or gasoline by spraying, brushing 
or dipping. 

Repairing—Remove the bands and 
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insulation on the end windings and 
make necessary repairs. Make sure 
that the core bands are tight and that 
the coils are tight in the slots. If 
either are loose, reband, placing a filler 
in the slot when required to get pres- 
sure on the top of the coil; make sure 
that the bands are down on the iron. 

When wedges are used, inspect them 
for tightness; if it is thought they will 
not tighten when dipped, it is best to 
rewedge, using fillers under the wedges 
to make the coils tight. Place tem- 
porary bands on the armature if there 
is a tendency for the coils to spring 
out of position while being dipped. 
Place the bands in such a manner that 
the armature will drain readily after 
dipping. 

Some operators may wish to dip and 
bake their armatures without remov- 
ing the bands or hoods. In such cases, 
care must be taken to see that the ar- 
matures drain and bake out satisfac- 
torily. This is necessary to eliminate 
all trouble due to wet varnish inside 
of the armature. 

Pre-Heating or Drying—Heat the 
armature in an oven having a free 
circulation of air, at a temperature of 
98 to 105 deg. C. (208 to 221 deg. F) 
for the length of time indicated below: 
Armatures below 12 in. diam.—12 hr. 
Armatures 12 to 30 in. diam.—18 hr. 
Armatures over 30 in. diam.—24 hr. 

Dipping—While the armature is still 
hot (approximately 50 deg. C.) dip in 
a good grade of baking insulating var- 
nish. If it is dipped while too hot 
too much varnish will drain out. A 
black baking insulating varnish with a 
specific gravity of 0.840 is recommend- 
ed, but other approved varnishes may 
be used, the specific gravity depend- 
ing on the varnish and the thickness 
of the varnish coat desired. Should 
the varnish be too heavy, thin with 
benzine. 

Dip the armature in a vertical posi- 
tion, commutator end up, and to such 
a depth that the varnish will come 
only to the commutator neck. Allow 
the armature to remain in the varnish 
for approximately 5 min. If a vapor 
arises from the varnish in large quan- 
tities this indicates that the armatures 
are too warm when being dipped. 

Place all double-commutator arma- 
tures in a horizontal position so they 
can be rotated in the varnish to twice 
the slot depth. In case they cannot be 
rotated as described, pour varnish over 
the armature until the windings are 
filled. 

After an armature has been dipped, 
wash off the varnish on all the finished 
metal parts with a cloth saturated with 
benzine. 

It is important that the commutator 
be not immersed. If this should hap- 
pen the varnish may work inside of it 
and be trapped, and experience has 
shown that it is almost impossible to 
drain it out or bake it satisfactorily. 

Some operators roll armatures in a 
tank or trough instead of: completely 
dipping them, and apparently get good 
results. When this is done armatures 
should be rotated slowly several times 
to insure that all coils are thoroughly 
soaked with varnish. 

Draining—Drain at room tempera- 
ture until dripping ceases, which will 
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require 15 to 20 min. Place the ar- 
mature in such a position that there 
will be no pocketing of the varnish in 
the winding or the iron. When the 
armature is such as to require drain- 
ing in other than a vertical position, 
turning will be necessary to avoid the 
gathering of varnish at one point. The 
amount of turning will depend upon 
the construction of the armature. 

Baking—Bake the armature in an 
oven at a temperature of 105 to 115 
deg. C, maximum at armature, until 
dry. This can best be determined by 
taking the insulation resistance with a 
megger. A constant reading for three 
separate tests indicates a dry armature. 
For most cases the length of time as 
given below will be sufficient to set the 
varnish thoroughly. 

Armature below 12 in. diam.—48 hr. 

Armature 12 to 30 in. diam.—60 hr. 

Armature over 30 in. diam.—72 hr. 

Bake the armature in such a posi- 
tion that there will be no pockets of 
the varnish when it is dry. In bak- 
ing the armature in a vertical posi- 
tion, care must be taken in placing it 
in the oven so as to get a free pas- 
sage of air through the air ducts and 
around the outside of the armature. 
Ventilation which provides a change of 
the air is necessary to secure the best 
results in baking. 

When an armature is so constructed 
that the varnish tends to pocket when 
the armature is baked vertically, or in 
the case of dipping and baking with 
end bands and hoods in place, ‘bake in 
a horizontal position. Such armatures 
are the old Style ventilated ones with 
radial air ducts. Armatures baked in 
this position should be turned during 
the baking so as to avoid any gather- 
ing of the varnish at one side of the 
armature, which would tend to unbal- 
ance it mechanically. It. is recommend- 
ed that the hoods and bands of an oc- 
casional armature be removed after 
being dipped and baked and the wind- 
ing inspected to determine whether or 
not the desired results are being ob- 
tained. 

For armatures that have just been 
rewound, the following procedure 
should be observed: 

Banding—After rewinding and sol- 
dering, place the armature in an oven 
for 8 to 10 hr. for heating before band- 
ing. If coils are high and it is thought 
that it will be difficult to get them 
down, and at the same time have tight 
bands, run on temporary bands. Use 
material enough under the bands so 
that the wire will not damage the wind- 
ing. Place the bands so that there will 
be no tendency for the varnish to 
pocket during the dipping and baking. 

f no temporary bands are needed, 
run the permanent bands on the core, 
but if the armature is baked in a ver- 
tical position, the hood and only the end 
bands that are up during the baking 
can be applied. 

The armature is now ready for the 
dipping and baking and the procedure 
given above, beginning at Dipping 
should be followed. 

In dipping and baking armatures the 
following precautions and hints will be 
found helpful: 

If steam is used for heating, do not 
permit the steam to escape into the 
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oven, thereby giving the apparatus a 
vapor bath. Do not permit the tem- 
perature to exceed 115 deg. C. at the 
armature. 

Do not rush the baking period. A 
wet armature is worse than one that 
has not been treated. 

Provide for the ventilation of the 
oven. Arrange for a complete. change 
of air, eight or ten times an hour. 
Holes near the top and the bottom of 
the oven will usually provide a good 
natural ventilation. 

Make sure that the temperature of 
the oven is uniform and maintained at 
the correct value. 

Turn armatures frequently, if they 
are baked in a horizontal position, to 
prevent unbalancing. 

Use an approved grade of black bak- 
ing varnish. 

Dip the armatures, keeping the com- 
mutator end up. 

At one time it was recommended that 
armatures be baked at a temperature 
of 125 deg. C. from 24 to 48 hr. de- 
pending upon the size of the armature. 
This has been changed as it was found 
advisable to reduce the temperature 
from 125 deg. C. to 105-115 deg. C. 
maximum at armature, and to increase 
the time of 24 to 48 hr. to 48 to 72 hr. 
The reduced temperature at an in- 
creased baking time gives the best re- 
sults, as the danger of taking the life 
out of the insulation is removed and 
the varnish bakes more evenly as the 
varnish on the surface of the arma- 
ture does not set so rapidly. Experi- 
ence and considerable experimental 
work confirms my opinion that the 
lower temperature should be used in 
order to obtain the most satisfactory 
results. The only advantage of the 
higher temperature is that the time of 
baking may be shortened thereby giv- 
ing an increased production, and it is 
being used by some operators with ap- 
parently satisfactory results. 
Wilkinsburg, Pa. A. C. ROE. 


How to Make a Workstand for 
Smal] Armatures 


LD pulleys that had been through 

a fire were used in constructing 
this stand for small armatures. As 
can be seen from the accompanying 
diagram all except one of the spokes 
on each pulley were sawed off. 

The pulleys are mounted on a short 
piece of shafting and fastened tightly 
to it by means of set screws. The shaft 
may be clamped in a vise to hold it 
in position, or it may be laid on a 
bench if so firm a mounting is not 
needed. 


sawed off 


This stand is made from two old 
pulleys, a short piece of shafting, 
three set screws and two pointed 
stud bolts. 
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Through the upper ends of the two 
spokes a hole is drilled and tapped to 
receive the pointed bolts which act as 
centers to hold the armature. 

This stand is heavy in construction 
and very useful for straightening 
small armature shafts. In this case 
the stand must be held in a vise and 
blocks laid on the vise as a fulcrum 
for a lever in applying force to 
straighten the shaft. After each at- 
tempt the armature may be tested on 
the centers to see if it is true. 
Durant, Okla. J. P. KINCAID. 


— 


Method of Straightening and 
Cleaning Busbars 


N REVAMPING a switchboard in- 

stallation for different conditions it 
was found that the rebuilding of the 
copper busbar structure could be most 
easily and safely accomplished by tak- 
ing down the old buses, straightening 
out the bends and rebending them to 
fit the new conditions. No doubt, some 
of the bent busbars could have been 
used again by sawing off and splicing 
them to fit the new conditions, but after 
making a layout of the. switchboard 
and trying to fit the old busbars to it, 
it was found that there would be too 
much loss of time for the slight bene- 
fit gained. 

Accordingly, all of the busbars were 
sent to a coppersmith for straighten- 
ing. The price for straightening these 
bars was 25 cents per bend, which we 
thought was quite reasonable. It was 
necessary for him to anneal the bend, 
then roll it as straight as possible, 
after which a careful peening was nec- 
essary to remove all traces of the old 
bend and to leave the busbars perfectly 
straight. 

The original lacquer near the 
straightened bends on these busbars 
was discolored from the heat during 
the process of annealing. Several 
methods were tried to remove this dis- 
coloration. Paint removers were tried 
and found to be unsatisfactory. Neither 
alcohol nor ether was found satisfac- 
tory. Under this treatment, the old, 
discolored lacquer seemed to smear all 
over. 

Sandpapering was then tried but 
found to be too tedious, as there were 
something like 275 bends that had to 
be cleaned. Sandblasting removed the 
lacquer and its discoloration all right, 
but the sandblast finish did not seem 
to appeal to the powers that be. Boil- 
ing in a caustic solution and dipping 
in acid gave very nearly the same fin- 
ish to the copper busbars as did the 
sandblasting; so this process was also 
rejected. 

We finally used a strip of fine sand- 
paper made endless and used on a mod- 
ern sanding table, which is equally ef- 
ficient for sandpapering wood or metal. 
This endless, sandpaper belt runs at a 
good speed and since a fine grade of 
sandpaper was used very little copper 
was removed with the lacquer by this 
process. 

After cleaning all the bars in this 
manner, they were relacquered before 
being bent to fit the new layout. 
Oakland, Cal. S. H. SAMUELS. 
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Installing Oil 


Circuit Breakers 
(Continued from page 879) 


freedom of throwing switches into 

full contact. 

Check adjustments on the horns of 

horn gap switches. 

See that all joints are secure. 

(7) Check all clearances. 

(8) Inspect all contacts for alignment. 

(9) Inspect primary fusible cutouts 
with regard to contacts. See that 
the insulating tubes are in good 
condition and clean and that the 
fuses are of the proper ampere 
capacity. 

(10)Inspect all contacts for alignment. 


It is recommended that sufficient 
spare parts be carried in stock to 
enable the operators of switching 
equipment to promptly replace any 
worn, broken or damaged parts. 


(5) 
(6) 


Better Industrial 


Illumination 


(Continued from page 365) 


truly the vast difference between 
lighting conditions such as are com- 
monly prevalent, and lighting condi- 
tions that measure up to modern 
standards. These conditions are 
illustrated in a general way in Figs. 
1 and 3. Our eyes function under 
such a wide variety of conditions 
that under poor lighting conditions 
we are seldom conscious of the fact 
that more light would increase the 
efficiency of our vision and produce 
a psychological effect which would 
make us mentally and physically 
more alert. 

A large majority of the factories 
in this country are underlighted. 
They are losing an opportunity to 
increase production and to enjoy 
other benefits of better lighting, 
with the minimum of increase in 
overhead, because they do not give 
the proper attention to the lighting 
systems of their plants. Perhaps 
the rehabilitation of their existing 
lighting system would only involve 
the addition of a few lighting units, 
or merely a thorough cleaning of the 
equipment to bring it within reach 
of modern standards. 

While most of our knowledge of 
what good lighting is and what it 
will do has been acquired in a com- 
paratively few years, we have only 


begun to utilize the possibilities of 


light. Every year sees new develop- 
ments and new standards which 
help us to secure profitably a wider 
and better use of light. In this 
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rapid progress, old lighting methods 
and lighting equipment fall in the 
same category as machinery which 
is superseded by improved machines 
that reduce labor costs and speed up 
production. In view of these facts. 
the factory executive will do well to 
concern himself with the lighting of 
his plant, even though the existing 
installation may be only a few years 
old. Usually there is no hesitation 
in putting in a machine which will 
pay for itself within a reasonable 
time by virtue of the improvements 
that are incorporated in it. By the 
same token, improved lighting should 
not be treated with indifference 
when it will definitely pay for itself 
in dollars and cents through in- 
creased production, reduced accident 
hazards, and improved working con- 
ditions. 

Other phases of this subject will 
be discussed in two articles which 
will appear in later issues. 


Practical Pointers 
on Winding 


(Continued from page 383) 


Fig. 6 A shows the standard setup 
for a compound-wound design. Note 
that with a motor we can show the 
current arrows for the series and 
shunt fields pointing in the same 


Fig. 6—These diagrams show cor- 
rect and incorrect connections for 
compound-wound motors. 
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direction. In Fig. 6 B the armature 
winding has been changed, but the 
current arrows all point the same, 
the rotation having been reversed. 
Fig. 6 C shows the method of bring- 
ing the rotation back to standard by 
reversing the armature leads. 

Figs. 6 D to 6 G show where it is 
possible to get into further trouble, 
when trying to correct a changed 
armature connection. Fig. 6 D 
shows a standard, compound-wound 
motor with interpoles. In Fig. 6 E 
the winding has been changed, re- 
sulting in a reversal of rotation. 
Now, if this rotation could be used, 
the polarity of the interpole coils 
would have to be reversed as shown 
in Fig. 6G. This is explained by the 
following rule that applies to the 
polarity of interpoles in relation to 
the main coils and rotation: 

In a generator an interpole will 
have the same polarity as the main 
coil ahead of it in the direction of 
rotation; it is immaterial which end 
of the machine we look at. In a 
motor the interpole ahead of any one 
main coil in the direction of rotation 
will have the same polarity as the 
main coil; therefore, if we change 
the direction of rotation, we must 
also change the polarity of the inter- 
pole coils. In Fig. 6 9 the rotation 
has been brought back to standard 
by reversing the armature leads. 

In the next article instructions 
will be given for taking data and also 
for marking the armature so as to 
insure its being rewound properly. 


Motor Connections 


Serres 
Original 


Serves 
Rotation right, current — 
marmature reversed 
Shunt 


Serves Inter 
Original 


Series Inter 


Serves 
Rotation 
reversed 


Shunt = Shunt field coris 
Series™ Series fie/d coils 
Inter = nter oe field coils 


Series Inter — 
Note. The interpole cots 
have wrong polarity for 
this rotation 


August, 1925 


Ball Bearing Speed Reducer—Circulars 


announce a new spur-gear speed 
transformer, which has ball bearings 
throughout and in addition has spe- 
cial housings attached to the frame 
of the reducer which enclose the 
couplings attached to the shafts on 
each end.—Albaugh-Dover Mfg. Co., 
2100 Marshall Blvd., Chicago, III. 


Storage Battery Industrial Trucks and 
Tractors—Catalog 140 describes and 
illustrates the construction of the 
various types of tructors (electric 
storage battery tractors and indus- 
trial trucks) of the lifting and ele- 
vating platform types as well as the 
general utility or stationary platform 
type, tractors, crane trucks and other 
special equipment. In addition, a 
large number of illustrations show 
applications in many plants in vari- 
ous industries.—The Elwell- Parker 
Electric Co., Cleveland, Ohio. 


Lubricating Devices and Oil Filters— 
A group of bulletins describes the 
Bowser oil filters, lubricators and 
pipe fittings for oil lines, and shows 
special applications of this equipment 
to lubrication and oil purification in 
industrial and other plants.—S. F. 
Bowser & Co., Fort Wayne, Ind. 


Non-Corrosive Metal—Bulletin 1 gives 
a brief technical description of Alcu- 
mite, which is an acid-resisting non- 
corrosive metal, which is produced in 
the form of castings, sheets, rods or 
bars. This folder gives the physical 
characteristics as well as corrosion 
tests.—The Alcumite Corp., Division 
ae Duriron Co., Inc., Dayton, 

io. 


Natural Cooling of Transformers—Bul- 
letin 101 describes the H.J.M. cooling 
unit, which consists primarily of an 
automotive, core-type radiator 
mounted horizontally in a sheet metal 
stack. The transformer oil to be 
cooled is pumped through the radi- 
ator and cools by virtue of the nat- 
ural draft of air set up in the stack. 
This device is applicable to trans- 
former installations of 2,000 kva. and 
up.—Hanson, Jones and Morey, 219 
West Seventh St., Los Angeles, Calif. 


Magnetic Testing Apparatus—Catalog 
10 describes apparatus for capaci- 
tance and inductance measurements 
and for magnetic testing; 48 pages 
are devoted to a description of the 
various types of apparatus and their 
use.—Leeds & Northrup Co., 4901 
Stenton Ave., Philadelphia, Pa. 


Laminated Bakelite—A folder describes 
briefly and illustrates a large number 
of the numerous products which may 
be made from Bakelite.—Bakelite 
Corporation, 247 Park Ave., New 
York City. 

Quick Trip Graphic Meter—Bulletin 
525 describes a special Esterline- 
Angus graphic meter in which, by 
means of a relay, any disturbance on 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


INDUSTRIAL ENGINEER 


ess are mentioned. It 


the line changes the speed of the 
chart drive in 1/25 of a second from 
inches per hour to inches per second. 
When the disturbance ends, the re- 
lay resets the meter to the standard 
chart speed. This is to enable a care- 
ful study to be made of these dis- 
turbances.—The Esterline-Angus Co., 
Indianapolis, Ind. 


Lubricators for Industrial Machinery— 


A bulletin with the above title, illus- 
trates and describes a number of in- 
stallations of McCord force-feed lu- 
brication as applied in numerous in- 
dustrial plants, such as on presses, 
forming machines, woodworking ma- 
chines, glass bottle machines, toggle 
presses, rubber calenders and other 
equipment.—McCord Radiator & Mfg. 
oe Lubricator Division, Detroit, 
ich. 


Panel and Benchboard Pipe Fittings— 


Bulletin 47703-C illustrates the dif- 
ferent fittings and shows by sketches 
their applications, dimensions and 
specifications as well as the weight 
of each fitting listed in this 20-page 
booklet.— General Electric Co., Sche- 
nectady, N. Y. 


Chain Blocks and Hoists— A booklet 


describes the self- lubricating, mul- 
tiple-gear chain blocks which are 
built in sizes from % to 20 tons’ ca- 
pacity, differential chain hoists, steel 
I-beam trolleys, the Ever Redy elec- 
trie hoist and double and single I- 
beam hand power traveling eranes.— 
Reading Chain & Block Corp., Read- 
ing, Pa. 


Acid-Moisture Proof Propellor Fans 


Bulletin 63 describes the Autovent 
propellor fans which are designed and 
constructed for use in places where 
surrounding hazards require the 
service of à fully-enclosed motor 
which will not be affected by acid 
fumes or moisture in the air. Auto- 
vent Fan & Blower Co., 736-738 W. 
Monroe St., Chicago, III. 


Direct Current Motors— Bulletin 141 


describes the R. & M., constant- 
speed, d.c. motors from K hp. at 870 
r.p.m., to 20 hp. at 1,160 r.p.m in- 
clusive. These motors are built in 
types S, C and I and are shunt and 
compound wound for standard volt- 
ages of 115, 230 and 32 volts.—The 
oe & Myers Co., Springfield, 
io. 


Automatic Are W eldin g— Bulletin 


48937.1, under the above title, gives 
a resume of the uses and value of 
are welding, together with a descrip- 
tion of the welding apparatus and 
generating equipment used. This bul- 
letin is well illustrated by photo- 
graphs of the equipment and appli— 
cations.— General Electric Co., Sche- 
nectady, N. Y. 


Pneumatic Tubes—Catalog 4 of the 


series, Wherever Conveying Is 
Done,” describes the equipment, ar- 
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rangement and operation of pneu- 
matic tubes, together with illustra- 
tions of a large number of installa- 
tions of this equipment in industrial 
plants, in warehouses and for com- 
mercial work.—Standard Conveyor 
Co., No. St. Paul, Minn. 


Bearings and Their Lubrication—A 40- 


page bulletin under the above title 
discusses this subject under the fol- 
lowing headings: Bearing types, 
principles of the lubricating oil film, 
formation and maintenance of the 
lubricating oil film, characteristics of 
the lubricants, selection of lubri- 
cants, special examples of bearing 
lubrication, bearing trouble, and the 
benefits of correct lubrication. This 
bulletin is illustrated by drawings of 
different parts of mechanisms with 
the oil reservoir and path of the oil 
shown in color.—Vacuum Oil Co., 
61 Broadway, New York City. 


Paint Spray Troubles—A folder de- 


scribes a special filter for use in 
paint spray booths to remove the 
paint before it enters the exhaust 
fan. These filters are placed be- 
tween the operator and the exhaust 
fan and may be removed and cleaned 
when necessary.—Midwest Air Fil- 
ae Inc., 100 E. 45th St., New York 
ity. 


Welding and Cutting Apparatus—Cata- 


log 172A lists, illustrates and de- 
scribes the various Milburn cutting 
and welding torches, acetylene gen- 
erators, preheaters and portable car- 
bide lights, as well as other equip- 
ment.—The Alexander Milburn Co., 
Baltimore, Md. 


Electrical Immersion Unit Heater.— 


Special electrical heating units of the 
embedded type, such as are used for 
the melting of Lavite and other salts 
which are used extensively for the 
tempering of tools, are described in 
recent literature. These units are 
placed inside of the pot containing 
the salt and are used to assist in 
bringing it to the high melting point. 
—Harold E. Trent, 259-261 North 
Lawrence St., Philadelphia, Pa. 


Starting Switches for Small A.C. Mo- 


tors—Bulletin 1048 describes the 
Type ZO starting switches for small 
alternating-current motors. These 
are push-button- operated, oil-im- 
mersed, across-the- line, induction mo- 
tor starters which have no- voltage, 
overload and phase-failure protec- 
tion.— The Electric Controller & Mfg. 
Co., Cleveland, Ohio. 


Automatic Starters for Synchronous 


Motors— Bulletin 799 devotes 20 well- 
illustrated pages to a discussion of 
the principles of operation, explana- 
tion of diagrams, record of perform- 
ance, protective features, source of 
actuating current, special features, 
rating, construction details and ap- 
plication of this type of apparatus.— 
Electric Machinery Mfg. Co., Minne- 
apolis, Minn. 


Synchronous Motors in Pulp and Paper 


Mills—Bulletin 875 devotes eight 
pages to such use of synchronous 
motors, describes their construction 
and operation and lists a number of 
applications.—E lectriec Machinery 
Mfg. Co., Minneapolis, Minn. 


Boxes, Baskets and Trucks—A special 


catalog describes a lightweight box 
or basket constructed of smooth elm 
wood slats woven together with 
strands of wire for the sides for 


404 


handling material in the shop or 
warehouse. These boxes are rein- 
forced at the edges with heavier 
wooden strips and at the corners with 
metal. Casters may be added for 
trucking. The boxes are constructed 
so that they may be repaired if 
necessary.—D. B. Lewis Co., Water- 
town, Wis. 


Electric Drill—A series of folders de- 


scribes the four different sizes of 
Super Hole Shooter which are made 
to take drills up to 4 in., 5/16 in., 
% in. and % in. This has a uni- 
versal-type motor which may be fur- 
nished for either 110, 220 or 32 volts 
as specified. It will operate on 25-, 
40- or 60-cycle alternating current. 
This drill also automatically blows 
the chips away. The folders give 
other advantages claimed for this 
equipment and also list a number of 
accessories, such as emery and pol- 
ishing wheels, drill stands and so on. 
These four sizes of drill are designed 
to operate at speeds of 1,800, 1,400, 
600 and 450 r.p.m., respectively.— Mil- 
waukee Electric Tool Corp., Milwau- 
kee, Wis. 

Switchboards, Panel Boards and Special 
Electrical Apparatus—A catalog de- 
scribes some of the various lines of 
special products manufactured by 
this company, such as Shockpruf 
panel and switchboards, relays, re- 
mote control switches, watertight 
floor receptacles, power wall recepta- 
cles, special equipment for alarm 
systems and other electrical special- 
ties —Butte Electric & Mfg. Co., 956 
Folsom St., San Francisco, Calif. 


The Dragon—A monthly house organ 
which is published under the above 
name in the interests of the Fafnir 
Ball Bearing Co., describes in an in- 
teresting way some of the installa- 
tions of Fafnir bearings. The May 
issue describes the ball bearing 
mountings in a motor and in a wood- 
working machine application.—The 
1 Ball Bearing Co., New Britain, 
onn. 


Are Welder—A folder describes the 


Hansen are welding generator which 
needs no stabilizing device to assist 
the operator to strike and maintain 
the arc. A description is also given 
of the Hansen-Oesterlein process of 
welding squirrel-cage rotors.—North- 
western Mfg. Co., Milwaukee, Wis. 


How to Select Good Lubricants—A 52- 
page booklet under the above title is 
offered as an aid to the purchaser of 
lubricating oils and greases in choos- 
ing the grades that will help toward 
developing maximum efficiency in 

ower equipment.—Dearborn Chem- 
ical Co., 310 So. Michigan Ave., Chi- 
cago, Ill. 


Portable Electric Sander—A_ circular 


describes the Barker portable electric 
sander and grinder which uses sand 
paper or emery cloth on a wheel re- 
volving at 4,000 r.p.m for finishing 
flat surfaces, or for removing varnish 
or paint from old surfaces before re- 
finishing. This sander is operated by 
a 1/3 hp. motor.—R. L. Barker & Co., 
642 W. Washington Blvd., Chicago. 


Arc-Welded Building—Folder 4657 de- 
scribes tests made of welded joints, 
the results of which led to the erec- 
tion of a 40-ft. by 60-ft., one-story 
steel building from steel salvaged 
from the scrap pile. An interesting 
comparison is made in this folder of 


Fractional 


ing conditions. 


Automatic Start 
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the erection cost of arc-welded build- 
ings with that of riveted buildings.— 

Westinghouse Electric & Mfg. Co., 

East Pittsburgh, Pa. 


Rubber Tile for Floor—A folder de- 


scribes the Wright rubber tile and 
gives directions for laying it. This 


is used for special floors and for 


stair treads.—Wright Rubber Prod- 
ucts Co., Racine, Wis. 


Tumbler Type Motor Starting Switches 


—A small folder describes this equip- 
ment for use on fractional horse- 
power motors and heavy lighting cir- 
cuits—Trumbull Electric Mfg. Co., 
Plainville, Conn. 


Horsepower Repulsion-In- 
duction Motors—A circular describes 
the Type RF repulsion-induction mo- 
tors with ratings of 1/6, 4 and % 
hp. These are made for 60-, 50-, 40- 


or 25-cycle operation.—The Robbins 


& Myers Co., Springfield, Ohio. 


Convertible Power Panel—A folder de- 


scribes the Square D convertible 
power panel which provides a simple 
and easy means for adjusting at any 
time the spacing of the fuse jaws to 
rovide for 30-, 60- or 100-amp. 
uses, aS may be required by chang- 
The new voltage 
tester which requires no lamp is also 
illustrated in this folder.—Square D 
Co., Detroit, Mich. 


Vacuum Cleaner for Industrial Plants 


— Bulletin 1030 describes the port- 
able No. 5 double utility vacuum 
cleaner, which may also be operated 
as a blower, and its use in industrial 
plants for cleaning machinery by 
either suction or blowing. This 
cleaner is mounted on three wheels 
and transported by a handle like a 
truck. — The B. F. Sturtevant Co., 
Hyde Park, Boston, Mass. 


Electrie Hoists for the Iron and Steel 


Industry— The 40-page Bulletin 80 
describes the use of Shepard electric 
hoists, illustrates the different types 
of equipment, and shows some of the 
many applications possible in the 
iron and steel industry. In addition 
to the trolley, cage-operated, crane 
trolley, monorail hoists, and several 
special hoist applications, back- 
geared motors and speed reducers as 
well as industrial winches are in- 
eluded.— Shepard Electric Crane & 
Hoist Co., 415 Schuyler Ave., Mon- 
tour Falls, N. Y 


Ventilating Apparatus —A pocket-size 


catalog, 11th edition, discusses Auto- 
vent propeller fans and blowers for 
ventilation. Autovent Fan & Blower 
Co., 730-738 West Monroe St., 
Chicago, III. 


Glue and Solder Pots —A folder dis- 


cusses and describes automatic elec- 
tric glue pots of 2-, 4- and 8-quart 
capacities, which automatically main- 
tain a temperature between very 
narrow limits, and solder pots of 15 
or 30 lb. capacity, which are made 
for operation on alternating or for 
direct current and automatically 
keep solder, babbitt, white metal or 
wax at a predetermined temperature. 
—Automatic Electric Heater Co., 
Warren, Pa. 


Motors— Announce- 
ment is made of a new automatic 
self-starting, ball-bearing motor with 
no moving parts in the starting 
mechanism. This is a simple squirrel- 
cage motor with an improvised squir- 
rel-cage rotor so designed that when 
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the current is first thrown on it is 
carried in part of the cage until the 
motor attains its speed. At this 
point through magnetic or inductive 
action the complete squirrel-cage 
takes the load. These motors are 
made in ratings from 1 to 50 hp. in- 
elusive. U. S. Electrical Mfg. Co., 
200 E. Slauson Ave., Los Angeles, 
Calif. 

Extension Reel—A folder describes the 
Reelite and its uses with drop cords, 
on machine tools and for other pur- 
poses.—Appleton Electric Co., 1718 
Wellington Ave., Chicago, III. 


Solderless Connectors—Catalog 20 
gives price list, code words, dimen- 
sions and other useful information 
about the Dossert solderless connect- 
or for standard and solid wires, rods 
and tubes.—Dossert & Co., 242 W. 
41st St., New York City. 


Gears—Catalog 46 gives directions for 


ordering gears, with lists and prices 
of various gears, pinions, pinion 
rods, herringbone, internal, miter, 
spiral, worm and bevel gears, sprock- 
ets and silent chains and the Boston 
speed reduction units, which con- 
sist of herringbone or worm reduc- 
tion gear sets.—Boston Gear Works 
5 Co., Norfolk Downs, Quincy, 
ass. 


Collar Oiling Bearing—Bulletin 112 
describes the Cleveland type collar- 
oiling bearing, which is a positive oil 
feed distributing system. Instead of 
using a loose ring or chain for con- 
veying the oil to the journal, a fixed 
collar is employed, which provides a 
positive means of elevating the oil 
from the reservoir in the bottom of 
the bearing. The bulletin also con- 
tains descriptions of hangers and 

illow-blocks.—The Hill Clutch Co., 
leveland, Ohio. 


Double-Worm Speed Reducer—Recent 
announcement is made of a new type 
of speed reducer in which two worm 
gears are used to give high reduc- 
tion ratios, such aS are required on 
conveyors and other similar equip- 
ment.—Foote Bros. Gear & Machine 
Co., 236-246 North Curtis St., Chi- 
cago, III. 

Supports for Overhead Equipment—A 
folder describes the Midwest steel 
stringers and box rails which may be 
installed in buildings with reinforced 
concrete or mill-constructed ceilings, 
or attached to I-beams. With these 
attachments lineshafts, motors and 
other equipment may be attached to 

the E easily and economically.— 
Midwest Steel & Supply Co., Inc., 100 
E. 45th St., New Vork City. 


Saving from 40 to 60 Per Cent of 
Handling Cost —A 36-page illustrated 
booklet under the above title de- 
scribes the Cowan system of mate- 
rials handling and shows by exam- 
ples taken from a number of plants 
the savings which have actually 
been made in particular installa- 
F Truck Co., Holyoke, 

ass. 


Roller Hanger Bearings A 24-page 
booklet entitled, Facts About the 
Dodge-Timken Roller Hanger Bear- 
ing,“ gives a short account of the his- 
tory of the Dodge Mfg. Co., and The 
Timken Roller Bearing Co., with a 
description of the Dodge-Timken 
roller hanger bearings and how they 
are made. — Dodge Mfg. Co., Misha- 
waka, Ind. 
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All Steel Frame 
Type “AR” Motors 


The All Steel Frame Construction of the Type “AR” 
Induction Motor imparts unusual rigidity and strength. 
The stator end frames and feet are integral and are made 
from electric steel castings thus eliminating any possi- 
bility of breakage. The use of cast steel for many parts 
ordinarily made of cast iron distinguishes the type AR“ 
motor from the usual run of contemporary types. 


Built in capacities ranging from 3/4, to 200 Horse Power 
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Housekeeping 
in a Factory 


With Some Sidelights on 
How They Do It in the 
Shops of the Buick Motor 
Company 


SHORT while ago I was looking 

through a copy of the Buick News, 
a house organ which is marked, Pub- 
lished in the interests of the entire 
Buick family.” And so it is, for in 
that particular issue a double page of 
pictures showed what Buick foremen 
are doing to aid production through an 
organized program of keeping things 
in order about the shops they are re- 
sponsible for. Good housekeeping in a 
large factory is just as much a family 
affair as in the home, and with a little 
co-operation all along the line the job 
is an easy one for all, and brings re- 
sults that are pleasantly surprising. 
Just take a look at the accompanying 
pictures—they tell a real story. 
I secured these pictures by writing 
to R. F. Thalner, safety director for 
the Buick Motor Company, at Flint, 
Mich., and with them came the follow- 
ing letter: 

“The names of the foremen in the two 
departments which you asked about are 
Nottingham and Miller. These men 
are in charge of the departments as 
shown in the layout of the Buick News. 
The additional 2 aphs which I 
am sending are from Mr. Maxell’s de- 
partment, who was the first foreman to 
Initiate this campaign. If any mention 
is given, we desire to have his name 

, inasmuch as he really started the 
ball rolling and created the competition 
among the other foremen. The general 
plan of procedure in this housecleanin 
campaign was to become familiar wi 
the general conditions, and have pic- 
tures taken of the department in which 
the cluttered-up conditions showed up 
the worst. 

“It was easy to sell the foreman on 
keeping the department clean for these 
reasons: It would give him a certain 
amount of floor space that he had 
never been able to use; it would allow 
him to pile his stock in an orderly con- 
dition; and it would make it a great 
deal easier for men and materials to 
move around the department. After 
the department was put in order, 
another picture was taken showing the 
improvement made. Both pictures 
were then posted in the department so 
the men might see the difference. 
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“As the experiment that started 
in Mr. Maxell’s department has 
grown to such astonishing proportions, 
Mr. C. E. Hendricks, superintendent of 
plants 31, 32, 38 and 38 suggested that 
we start using a score card, with a 
passing score of 70 and a perfect score 
of 100. The carrying out of this sug- 
gestion has created more enthusiasm 
and friendly rivalry among the fore- 
men and has been a stimulus for keep- 
ing the movement under way. In addi- 
tion to the score card, a report was 
sent to L. D. Parker, manager of these 
factories, advising him of the standing 
of the various departments. He was 
then able to consult with his superin- 
tendents regarding the low standings 
of any particular factory or depart- 


ment and ask them to raise the rating 
of that department. The inspections 
were made by my assistant, Mr. E. E. 
Widmark, who co-operated with Mr. 
Maxell in starting the movement.” 

Mr. Thalner has told the whole story 
with an enthusiasm for the idea that 
must. be catching in Buick factories. 
Foremen Maxell and Miller have 
worked out the idea close to 100 per 
cent, as shown in the accompanying 
pictures taken before and after the 
cleaning up, but that is not all. Fore- 
men Brazill, Fisher, McRoe, Casey, 
Scranton and Heller and, by this time, 
probably several more are among those 
on the honor roll in factories 31 to 38 
for keeping their departments in a con- 
dition that looks good through the 
camera lens. 

This is a worth-while program. What 
are you doing along a similar line? 
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USE OF FLEXIBLE couplings on auxiliary drives is one of 
the interesting tendencies in the steel industry. The two 
motors in the right foreground drive the front main roll table 
and are connected by means of flexible couplings to the 
pinion which is geared to the lineshaft driving the rollers. 
Notice that all of the gears, including the bevel gears driving 
the individual rolls, are enclosed in a large cast-iron gear 
case in which the gears run in an oil bath. The motor driv- 
ing the main rolls is shown in the illustration on the oppo- 
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New Trends and 


site page. 


This blooming mill has just been completed by 


the Wisconsin Steel Co. of Chicago, III. 


Recent Progress in Solving 


Problems of Steel Mill Operation 


That Involve the Use of Electrical and Mechanical Power- 
Drive Equipment, Together with Tendencies in Power 
Generation, Distribution, and A pplication 


By ARTHUR J. WHITCOMB 


Associate Editor, Industrial Engineer 


O AN even greater extent 

than usual, this past year has 
been marked by a replacement 

of existing steam engine drives with 
modern electrical equipment. This 
has been brought about by severe 
competition due to lack of foreign 
markets and to an excess of steel- 
making capacity. To meet competi- 
tion, operators have been striving in 
every possible way to reduce operat- 
ing costs and replacement of engine 
drives with electrical equipment has 
been one way of lowering these 
costs. It is interesting to note 
that out of 95,225 hp. in motors re- 
ported by one electrical manufac- 
turer as sold during the year, 13 
units totaling 23,750 hp. or approxi- 


mately 25 per cent of the total rep- 
resents motors that were purchased 
to replace existing steam engine 
drives. 

One of the most radical change- 
overs from steam to electric drive in 
the history of the steel industry is 
to be made by the Colorado Fuel & 
Iron Company at its Minnequa 
Works, Pueblo, Col. Complete elec- 
trical equipment will be furnished 
for replacing the engine drives on a 
rod mill, a 10-in. merchant mill, a 
14-in. merchant mill and a rail mill. 
The sizes of these drives are listed 
in the accompanying table. Five of 
these drives are direct-current, ad- 
justable-speed motors, which are 
supplied from rotary converters. 

The induction motor still meets, in 
some of its several forms, most re- 
quirements for main roll drives, ex- 
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cept for reversing duty, where the 
direct-current machines with gen- 
erator and motor field control con- 
tinue to hold sway. Most induction 
motors now used are of higher 
speeds and are geared to the main 
roll drives. Gear reduction units 
have reached a high degree of reli- 
ability and efficiency, and their use 
in this connection with induction 
motors is becoming almost universal, 
as may be seen from the table shown 
on page 408. 

The growing demand for high- 
tonnage mills with great flexibility 
in range of product is, however, re- 
quiring more and more adjustable- 
speed, direct-current motors which 
in turn is giving more importance to 
the question of whether motor-gen- 
erators, rotary converters or mer- 
cury arc rectifiers should be used for 
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transforming from alternating to 
direct current. 

For certain types of mills syn- 
chronous motors for driving the 
main rolls have been considered very 
favorably by many of the operators 
interviewed. At one plant visited an 
unusually large installation was con- 
sidered for a piercing mill, while at 
another plant synchronous motors 
were contemplated for use on cold 
rolls. Several installations have 
been made in some tube rolling and 
piercing mills. However, the motors 
used are 1,000 hp. or less in rating. 
Just recently a 9,000-h.p. synchro- 
nous motor has been purchased by 
the McKinney Steel Company for di- 
rect connection to a Morgan continu- 
ous billet mill at its River Furnace 
plant in Cleveland, Ohio. The motor 
will have a shaft extension on both 
ends and will be coupled to a long lay 
shaft running the length of the mill, 
with bevel gearing to each of the ten 
roll stands. This is said to be the 
first large steel rolling mill in the 
world to be driven by a synchronous 
motor. In fact, the motor with its 
rating of 9,000 hp., 107 r.p.m, 6,600 
volts, three phase, 25 cycles, is re- 
ported to have the highest continu- 
ous horsepower rating of any indus- 
trial motor in the world. 

The motors driving two reversing 
blooming mills, one in the Pittsburgh 
district and the other in the Chicago 
district, are rated at 7,000 hp. and 
built with a single motor armature 
which is supplied from two gener- 
ators in parallel, forming part of a 
three-unit set. This is a distinct 
departure from the usual practice of 
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EVERY TWELVE MONTH period 
shows a steady and truly remark- 
able increase in the application of 
electricity to the manufacture of 
iron and steel. The current year 
has been no exception. Generally 
speaking, the growth has been 
along lines that are already well 
defined and presents little that is 
fundamentally new. However, 
there have been many refinements 
made in the application of elec- 
tric power, larger capacities of 
equipment have been used or are 
contemplated and various other 
events which go to make the 
progress accomplished during the 
year an interesting story. The in- 
formation presented in this article 
has been gathered by visits to 
many of the steel plants in the dif- 
ferent steel mill districts, and from 
interviews with a large number of 
steel mill engineers and superin- 
tendents who are responsible for 
the maintenance and operation of 
power-drive equipment. In this ar- 
ticle details are given of new devel- 
opments in the use and application 
of such equipment and the lines 
along which men responsible for 
plant operation are thinking. 


having several armatures connected 
in series where units of this size are 
involved. One of these drives is il- 
lustrated on this page. Physically, 
these 7,000-hp. motors are said to be 


the largest single-armature, revers- 


ing motors yet built. However, a 
similar unit of 8,000-hp. rating is 
now under construction for use in a 


54-in. blooming mill in the Pitts- 


burgh district. This blooming mill 
is the largest mill of the kind in the 
country and likewise its driving 
motor will upon installation be the 
largest of its kind. 


ra 
* 


BP xs. 
Yit s 


hot 64 
>, > 
nN. 
n 
* 
rene 
144 


94 
. 


e 
nne 
eee 


ere 
een 


Dy 
TA 


407 


Besides the reversing blooming 
mill drives just mentioned, and the 
9,000-hp. synchronous motor for the 
McKinney Steel Company, another 
largest motor of its kind is the 
Kraemer set recently purchased by 
the Youngstown Sheet & Tube Com- 
pany for a 2l-in. continuous sheet, 
bar and skelp mill. The induction 
motor of this set is rated at 7,500 hp. 
and regulating equipment is pro- 
vided for adjusting the speed from 
250 to 134 r.p.m. 

A new type of double range 
Scherbius drive, apparently the first 
of its kind, will be installed by the 
Trumbull Steel Company in its 16-in. 
hot strip mill. The set is. rated at 
5,000/4,000/3,000 hp., 450/360/270 
r.p.m. The unusual feature of the 
set lies in the regulating set, which 
will consist of two machines each 
rated at 480 kva., 514 r.p.m., a syn- 
chronous motor rated at 1,175 hp., 
514 r.p.m., and an 18 kw. exciter 
for supplying excitation to the syn- 
chronous motor field. The synchron- 
ous motor will replace the usual in- 
duction motor, thus providing opera- 
tion at the maximum possible power 
factor. The two regulating machines 
allow a higher speed to be used for 
the set, each unit being one-half the 
required capacity. A further ad- 
vantage is that, by the use of this 
equipment, a much lower secondary 
current is developed in the main 
motor, permitting the use of smaller 
contactors and resistors of lower 
current capacity, making the instal- 
lation work less difficult. 

Should it be necessary to remove 
one regulating machine from the 
group, the electrical circuit to that 
unit can be removed and suitably 
connected; three of the collector 
rings will be shorted and the equip- 
ment will operate with one regulat- 
ing machine, one-half the total regu- 
lation being thus optained both 
above and below synchronous speed. 

Another interesting development 
brought out by one manufacturer is 
the frog-leg winding for direct-cur- 
rent machines, which is said to re- 
move the previous limitations on 
these machines due to difficulties of 


Largest single armature reversing 
motor that has been installed up to 
the present time. 


The installation of this 7,000-hp. re- 
versing motor hag just been com- 
pleted at the new blooming mill of 
the Wisconsin Steel Co., which is 
shown on the opposite page. The 
single armature motor at the left is 
supplied with 600-volt direct-cur- 
rent power from two generators in 
parallel forming part of the three 
unit flywheel motor-generator set 
shown at the right. 
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commutating heavy or rapidly fluc- 
tuating loads, and now enables them 
to offer machines which are reported 
to have commutating qualities be- 
yond anything previously built. 


ers for use in cleaning the ventilat- 
ing and cooling air for main drive 
motors, was expressed by some op- 
erators. So far, wet washers have 
been used almost exclusively for 
this class of service. 


CHANGES IN AUXILIARY DRIVE 
EQUIPMENT 


The use and application of auxil- 
iary motors for steel mill service has 
been almost standardized. There is, 
however, a distinct tendency to use 
synchronous motors wherever pos- 
sible on auxiliary drives requiring 
constant speed. This has been 
caused by a desire to improve power 
factor conditions or to maintain the 
good power factor that the plant 
happens to enjoy. To meet this de- 
mand synchronous motors with im- 
proved starting and operating char- 
acteristics have been developed. 


Continued interest is expressed in 
ball and roller bearings not only for 
auxiliary motors in the mill, but on 
other parts of the drive. One of the 
pioneers in the use of ball and roller 
bearings in steel mills now has 314 
sets of these bearings in operation. 
It is said that this large installation 
is cutting down the man-hours re- 
quired for maintaining the motors, 
as well as showing a saving in oil 
and repairs over former require- 
ments. 


A plant in the Pittsburgh district 
in purchasing motors for a new mill 
had the majority of the mill-type 
motors equipped with roller bear- 
ings. Another plant visited was con- 
sidering the installation of roller 
bearings on all of the bearings of 
some cranes that were about to be 
contracted for. An installation of 
roller bearings was made on the con- 
veyor belts in the coke plant in 
another works visited. This greatly 
reduced the starting torque required 
of the motors driving these belts, as 
well as cutting down on the oiling 
costs. Most steel plants, however, 
are putting in ball or roller bearings 
as a repair proposition wherever 
service conditions or bearing trou- 
bles show a need of them. 


On the other hand several operat- 
ors interviewed stated that more 
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Motor-Driven Main Drives Purchased During Past Year 


MorTors 
Aa . ene t Á ] COMPANY MIL Darve | No. | Hp. | Vorrs Crcirs[R. P. NI. 
ry- e alr ciean- — | | |_| | 
n interest in dry-typ ‘Acme Steel Goods Co......... 20-16-in. Strip Geared| 1 15000 2200 | 60 705 
20-16-in. Strip Geared! 1 1500 600 do 200/400 
20-16-in Strip Geared 1 1800| 600 do 1185/370 
38 oe mee 3 800 600 do 185/370 
in. Stri irect 1 
Bethlehem Steel Co., R a ne 
Lackawana, N. 7. 35-28-in. Structural | Direct | 1 3500} 700 dc 50/120 
; 35-28-in. Structural | Direct | 1 5000 700 do 75/150 
Carnegie Steel Co., 
Homestead, fp... 54-in. Blooming Direct | 1 8000; 700 de 40/120 
52-in. Structural Direct | 2 7000! 700 dc 50/120 
Connors Steel Co. Hoop eared 1 800| 2200 60 435 
Gary Tube Coo. Seamless Tube Geared 1 2500 6600 25 247 
Inland Steel Co. 36 -in. Rev. Rougher| Direct | 1 7000 700 do 50/120 
Wisconsin Steel Co. 40-in. Blooming Direct | 1 7000| 700 de 50/120 
Merchant Direct | 1 3100| 600 de 70/150 
À Merchant Direct | 3 2000' 700 do 230/460 
Kokomo Steel & Wire Co...... 34-in. Blooming Direct | 1 3500| 700 de 50/120 
Lukens Steel Coo. 112-in. Plate Geared 1 3750 2200 60 
National Tube Co ube Geared 1 1800| 2200 60 252 
Rail Joint Co. 20-in. Bar Geared| 2 1000] 2200 60 710 
Central Tube Co............. Pipe Geared| 1 300| 230 dc 500 
Ohio Seamless Tube Co....... Pipe Geared} 1 500| 2200 60 600 
Otis Steel Co. Cold Roll Geared 2 375| 230 do [430/860 
Pacific Coast Steel Co.. | 10-in. Merchant Geared 1 1500! 2200 60 320/200 
Carnegie Steel Co., 
Youngstown, Ohio 12-in. Strip Geared| 1 1125| 6600 25 312/187 
12-in. Strip Geared| 1 1500| 6600 25 468/281 
12-in. Strip Geared 1 2000] 6600 25 1625/375 
14-in. Bar Geared] 1 2000| 6600 25 1625/375 
18-in. Band Geared| 2 2500| 6600 25 187% 
18-in. Band Geared! 1 2200} 6600 25 275 / 225 
Seneca Iron & Stee Co Hot Sheet Geared} 1 | 1700) 440 25 250 
Buffalo Steel Co.. Rail Splitter Geared 1 400 25 750 
Bethlehem Steel Co., 
Sparrows Point, Md........ 46-in. Blabbing Direct | 1 | 7000} 650 dc | 50/100 
10-in. Rod Geared| 1 4000| 6600 25 375 
Kawasaki Dockyard, Japan.. Sheet Geared| 1 1200] 2200 60 240 
American Nicke Corp.. Cold Sheet Geared 1 1000| 2200 60 450 
Youngstown Sheet & Tube Co., 
Indiana Harbor, Ind........ 21-in. Skelp Geared 1 | 3600| 2200 60 290/156 
21-in. Skelp Geared| 1 7500| 2200 60 250/134 
21-in. Skelp Direct | 3 | 2000| 600 de | 85/165 
Tennessee Iron & Coal Co..... Sheet Geared| 1 2000} 6600 60 
Inland Steel Co.............. 8-in. Continuous Direct | 1 | 1500| 600 de | 50/80 
8-in. Continuous Geared} 1 1800} 600 de 200/400 
pan . Direct 1 3800 600 de 350/750 
ee r 5 2200 25 
Colorado Fuel & Iron Co...... Rod Direct | 1 1500 600 de 450/550 
Rod Geared| 2 3000] 6600 60 4 
Rod Geared| 2 1000| 6600 60 720 
14-in. Merchant Direct | 1 1500 600 de 100/150 
14-in. Merchant Direct | 1 750 600 de {150/250 
10-in. Merchant Direct | 1 | 1500} 600 do 200/300 
Rail Mill Geared 1 2000! 6600 60 450 
Rail Mill Geared 1 3000| 6600 60 450 
Rail Mill Geared| 1 1200} 6600 60 4 
Inland Steel Coo 24-in. Bar Direct} 1 3000| 750 do 70/150 
McKinney Steel Co. Continuous Billet Direct | 1° 9000 6600 25 1 
Bethlehem Steel Co., 
Steelton, Pa....... e 28-in. Rail Geared 1 4000} 6600 25 375 
35-in. Rail Direct | 1 | 3500| 650 do | 50/100 
Trumbull Steel Co. 16-in. Hot Strip Geared] 1 5000] 2200 60 [450/270 
Thomas Sheet Steel Co....... Cold Rolls Bheet ear 1 400| 2300 60 360 
Otis Steel Co Jobbing Plate Geared| 1 2000| 2200 25 214 
Internationa] Nickel Co....... Cold Rolling Geared} 1 750| 230 do 300/600 
Kansas City Bolt & Nut Co... Sheet Mill Geared 1 1500} 2200 60 295 
Gary Tube Coo. 16-in. Skelp Geared 1 350| 230 do 500 
16-in. Skelp Geared 1 5500 6600 25 370 
16-in. Skelp Direct | 1 2500| 6600 25 295 
16-in. Skelp Direct |] 1 2500] 6600 25 146 
16-in. Skelp Direct | 1 3000] 6600 25 184 
14-in. Skelp Geared| 1 1500| 6600 25 491 
14 in. Skelp Geared 1 1000} 6600 25 293 
14-in. Skelp Geared} 1 2000 6600 25 204 
. PER 8 5 B 1 1250| 6600 25 204 
in. Ske 6600 
Bethlehem Steel Co., e a 1099 5 is 
Johnstown, fra... q PEPEE Geared} 2 3000| 250 de 1150/300 
14-in. . 
e Co. N in Geared| 2 | 1500| 250 do 150/300 
Buffalo, N. MK. ear Direct | 1 | 3000| 250 do {150/300 
Bethlehem Steel Co., in. Direct 1 1500 250 : de |150/300 
obnstown, Pa............. 12-10-in. Geared| 1 2000| 250 de 200/800 
Johnstown, Pa............. 12-10-in. Geared| 1 1700} 250 dc 250/500 
12-10-in. Direct | 1 900} 250 de 425/640 
23 Cear 2 1000| 250 do 389308 
, -9-in. ir 
American Sheet & Tin Plate Co.| Steel mate 1 1250 6200 25 300 
Gary Tube Co Skelp Direct | 1 4500 750 de 120/255 
Indianapolis Steel Casting Co. Bore 1° 500| 2200 25 450 
National Tube Co., 
Lorain, Obio............... Piercing Geared} 1° | 1000} 6600 25 375 
ee eae Pring , Direct 1° 800| 6600 25 107 
E E E E E in oom!) 
Youngstown Sheet & Tube Co.. eae er k e as R 
Youngstown, Ohio.......... Seamless Tube Direct | 1 | 3000] 600 dc | 40/100 
Seamless Tube Geared| 3 650 600 do 225/400 
Seamless Tube Direct | 1 | 3000 600 de [125/200 
*Indicates Synchronous Motor. 
For drives purchased prior to Aug. 1, 1924, see e 410, of the September, 1924, issue 
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attention should be given to improv- 
ing the sleeve bearing and in using 
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the correct grade of bearing metal 
properly heated and poured. Some 
of them felt that a great deal of the 
trouble experienced by some oper- 
ators was due to poor workmanship 
in making their bearings in their 
own shops. The leading motor man- 
ufacturers have made radical im- 
provements in the sleeve bearings 
used in their motors, which are said 
to greatly reduce the oil troubles 
that have been experienced. 


USE OF FLEXIBLE COUPLINGS ON 
AUXILIARY DRIVES 


An interesting tendency is noted 
in the greatly increased use of flex- 
ible couplings on steel mill auxiliary 
drives. In a new blooming mill in 


the Chicago district, flexible cou- ` 


plings were used on practically all of 
the auxiliary drives. These couplings 
were not used on the cranes, how- 
ever. In new mills at one plant in 
the Pittsburgh district, the engineer 
interviewed stated that 80 per cent 
of the auxiliary drives were equipped 
with flexible couplings. In a new 
blooming mill in this same district, 
the operator talked with said that 
flexible couplings were used in every 
possible case. 

Several reasons were advanced by 
the superintendents interviewed for 
the adoption of these couplings. The 
electrical superintendent of one plant 
visited stated that he had decided to 
use the flexible couplings because he 
was thereby able to do away with 
back-geared, mill-type motors and 
thus keep all of the gears in one 
housing instead of two, as well as 
reduce the number of types of motor 
frames required. Reasons advanced 
by other engineers interviewed are: 
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Here is a newly developed auto- 
matic starter for a synchronous 
motor. 


The direct-current fleld excitation is 
automatically applied under the 
control of a timing relay after the 


motor has been accelerated almost 


to synchronous speed. Two sets of 
overload relays are used; one set, 
which is set for tripping at a lower 
current, disconnects the magnetic 
clutch between the motor and the 
drive and the other set disconnects 
the motor from the line. 


The increased use of time-limit 
acceleration on auxiliary control is 
an interesting tendency. 


The controller on the bridge motion 
of this soaking pit crane controls 
two 60-hp. motors in series. In- 
ductive time-limit acceleration is 
used. The control panel is mounted 
on the bridge end-girder in the 
rigu background. A close up view 
of the panel is shown at the right. 
The first four contactors at the 
right in the lower section of the 
board are the accelerating con- 
tactors. Notice that these contactors 
have two operating coils that op- 
pose each other for the contactor 
armature is hinged between the 
two coils. The function of these 
coils is described in the accom- 
panying article. 
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the reduction of gear shock on the 
motor and the insuring of proper 
alignment of motor pinion and 
driven gear. 

Decidedly more attention is being 
paid to the gears used on not only 
the large gear reduction units for 
main drives, but also on the large 
number of gears used for the aux- 
iliary drives throughout the plant. 
Gears as used in auxiliary drives are 
following the developments that have 
been made in the large-capacity gear 
reduction units. In place of the 
sheet-iron cover and the use of heavy 
grease on the gears of auxiliary 
drives we find many of them totally 
enclosed in oil-tight, cast housings. 
The gears run in oil and force-feed 
lubrication is often provided. The 
use of heat-treated gears and pin- 
ions is increasing. Several plants 
visited maintain their own heat- 
treating departments. The use of 
herringbone gears on auxiliary 
drives has been considered and in 
one instance has been tried. 

An increase in the use of speed 
reducers in steel mills was also 
noted. These have found greatest 
application on various kinds of con- 
veyors, such as pipe conveyor chains, 
small roll conveyors, pipe pushers 
and the like. One operator stated 
that he was using them because they 
were very compact and would fit 
into crowded quarters, are totally 
enclosed, well lubricated and he ex- 
pected them to have a long life with 
small maintenance. An engineer in 
the Chicago district was using them 
because the space he had available 
was very cramped and he needed a 
tightly-enclosed reduction because of 
the dirty location. 
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Seven Applications of Power Service in Steel Mills 


Illustrating Present Trends in the Industry 
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Synchronous motor geared 
to the main rolls in a rough- 
ing mill of the Atchison, 
Topeka & Santa Fe R. R. The 
motor is rated at 500 hp. and 
has a speed of 450 r.p.m. 


B—Flexible couplings are 
ased on all of the auxiliary 
drives of this blooming mill 
recently completed by the 
Campania Cia Siderureica 

Mediterraneo, Sagunto, Spain. 


c—Truck-type switchboards 
are finding increased favor in 
steel mills. This one is in- 
stalled in the plant of the 
International Nickel Co. at 
Huntington, W. Va. 


D—Motor room g new 
ing blooming mill 
awanna plant O 

Steel Co. 


E—A 3,000-hp., 325/485-r.p.m., 
600-volt, d.c. motor driving 
the 24-in. structural mill of 
the Phoenix Iron Co. through 
a herringbone gear reduction. 
The motor is supplied with 
d.c. power from a flywheel 
motor-generator set. 


r—Automatic high-voltage 
compensators installed in the 
pump house of a steel plant. 


G—A 2.500-hp., 514 r. p. m., 
wound-motor induction motor 


2 


driving 92-in. bar mill 


d flywheel 

reduction 

in of the 

Phoenix Iron Co. his motor 

is arranged so that speed ad- 

justing auxiliaries can be 
added at some future time. 
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Development of control equipment 
for steel mill service is by no means 
at a standstill. Probably one of the 
outstanding trends is expressed in 
the keen interest displayed by many 
operators in time-limit acceleration. 
Current-limit acceleration has be- 
come almost an accepted standard 
form and many operators expressed 


satisfaction with its performance. 


However, the development of new 
types of time-limit devices has stim- 
ulated new interest in this form of 
acceleration. 


TRENDS IN USE AND INSTALLATION 
OF STEEL MILL CONTROL 


In one system the time interval 
between the closing of successive ac- 
celerating contactors is secured by 
an ingenious application of the well- 
known principle that when a con- 
stant, direct-current potential is ap- 
plied to a circuit containing induc- 
tance, an appreciable time elapses 
before the current reaches its maxi- 
mum value. On this particular type 
of control, the accelerating contac- 
tors have both a shunt closing coil 
and a shunt holding-out coil, both of 
which act upon the same armature, 
as is shown in the right-hand illus- 


tration at the bottom of page 409. 


On the back of the controller is 
mounted a transformer having two 
series windings, the motor being 
connected to the middle or common 
point. The motor connections are so 
arranged that for each successive ac- 
celerating point, one or the other of 
these windings serves as the primary 
and the main motor current passes 
through this coil. The connections 
are arranged so that the coil which 
does not carry the motor current is 
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connected to the holding-out coil on 
the next accelerating contactor, and 
by adjusting the air gap on the ac- 
celerating contactor, the time of 
closing can be varied between defi- 
nite values which depend on the 
stored energy in the magnetic cir- 
cuit of the transformer, the design 
of the holding-out coil, and the ad- 
justment of the contactor air gap. 

This form of time-limit accelera- 
tion is known as the inductive type. 
Another form, known as the mag- 
netic type secures the time element 
of acceleration by the delay in build- 
ing up or down of a magnetic field. 
When the relay coil is short-cir- 
cuited, a definite time is required 
for the flux to decrease to a point 
permitting the release of the relay 
armature. This armature is forced 
out by a spring of adjustable tension 
which, together with other features, 
gives a timing range of 0.2 to 2.0 
seconds. Once adjusted, this timing 
is said to remain constant under all 
operating conditions. Current-limit 
is provided for plugging when re- 
versing, while the time-limit is used 
for acceleration. 

In talking with many steel mill 
operators it was found that several 
installations of both types had been 
made, which are being watched with 
great interest. 


Truck-type switchboards are find- 
ing increased favor in many steel 
plants. 


This type of switching is used for 
the alternating-current end of 13,500 
kw. in synchronous motor-gener- 
ator sets in the recently completed 
14-in. continuous mill of the Wood- 
lawn Plant of the Jones & Laughlin 
Steel Corporation. In this same 


motor room there are 14,600 hp. in 
600-volt, direct- current, main roll 
motors. 
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Another tendency lies in the ar- 
rangement of groups of the more 
important panels so that a spare 
panel may be switched into use in 
case a failure should take place on 
any panel in that group. Recent in- 
stallations of this arrangement have 
been made by the Westinghouse 
Electric & Mfg. Co., the General 
Electric Company and the Cutler- 
Hammer Mfg. Co. A typical instal- 
lation of this system at the Lacka- 
wanna plant of the Bethlehem Steel 
Company is shown in the illustra- 
tions on page 414. This group of 
panels controls the auxiliary motors 
for a 40-in. blooming mill. At the 
bottom of 11 of these panels are 
four-pole, double-throw switches 
that are used for transferring the 
motor circuits from the regular 
panels to the spare panel. A small 
drum switch is mounted on each 
regular panel, which is used to 
transfer the master switch circuits 
from the regular panel to the spare 
panel. 

Another installation of this ar- 
rangement of control is shown on 
page 412. This installation consists 
of 20 panels. One panel serves as a 
spare for two regular panels con- 
trolling motors driving the manipu- 
lator lifts, a second panel serves: as 
a spare for five other panels, includ- 
ing the main tables, sideguards and 
screw downs, while a third panel is 
a spare for the remaining nine 
panels. In the case of the last two 
spare panels just mentioned, the 
panels may be called upon to control 
either of two capacities of motors. 
This is taken care of by the multi- 
pole switch in the bottom section of 
the spare control panels. By manip- 
ulating this switch the resistors are 
connected in parallel to take care of 
the larger-sized motor. 

With this type of installation, con- 
trol trouble can cause a delay of only 
a few seconds, for the defective 
panel may be cut out and the spare 
panel put in service almost instantly. 

At one plant this idea has been 
carried still further by using what 
is known as plug-type master 
switches. By loosening four wing 
nuts, a master switch may be re- 
moved and another one inserted in 
its place. A plug-type connection is 
used for connecting the master 
switch terminals to the wires lead- 
ing to the control panel. 

On the other hand, one engineer 
in discussing this subject with the 
writer stated that he did not favor 
this arrangement of control because 
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in his experience control failures are 
very few and usually give ample 
warning of their approach. He felt 
that each controller should be se- 
lected and designed particularly for 
the application on which it is to 
operate, rather than use standard 
controllers on all jobs that were 
somewhat similar. 

In order to cut down operating 
costs by reducing the number of men 
required, automatic operation is be- 
ing used more and more. In the 
soaking pits of a new blooming mill 
in the Pittsburgh district, the con- 
trol is 80 arranged that the soaking 
pit crane operator opens and closes 
the soaking pit covers, lifts out the 
ingot with his crane, places the ingot 
in the buggy and starts the buggy 
on its way to the transfer car. This 
eliminates the doorman and buggy 
operator formerly required. As the 
buggy approaches the point where it 
meets the transfer car it automatic- 
ally slows down to 8 stop and if the 
transfer car is in place the ingot is 
automatically dumped into it. If 
the transfer car is not in place the 
ingot is held until the car arrives. 
At this same mill and also at an- 
other blooming mill nearing comple- 
tion in the Chicago district, the 
large reversing motor driving the 
main rolls is controlled from à foot- 
operated master, thereby cutting 
down the number of men required in 
the pulpit from three to two. 

In the blast furnace blower house 
of a large mill in the Chicago dis- 
trict this same thought has been car- 
ried out by using a centrally-located 
control point for all of the blast fur- 
nace turbo-blowers. The control 
consists of remote-controlled, motor- 
operated governors on the turbines 
and motor-operated valves. Control 
for three or more blowers is located 
at one place so that they may be con- 

trolled simultaneously by one engi- 
neer, thereby resulting in a reduc- 
tion in the number of engineers re- 
quired in the blower room. Special 
telephone connections are made from 
each blast furnace to this central 
control point. Verbal orders as to 
pressure, checking, and the like are 
telephoned to and. executed by the 
one engineer. 


MORE SUBSTANTIALLY CONSTRUCTED 
CONTROL HOUSES 


In all of the new mills visited a 
marked trend was noticed towards 
the more substantial housing of con- 
trol equipment. The favored con- 
struction is to place the control in a 
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centrally-located brick house adja- 
cent to and overlooking the main 
part of the mill. In a new blooming 
mill in the Chicago district a two 
story brick enclosure is built just 
opposite the mill runout tables. The 
first story is used as a motor inspec- 
tor's shanty and provides space for 
his tools, miscellaneous supplies, and 
spare equipment. It also provides a 
convenient location for bringing in 
the power lines and conduits coming 
from the auxiliary drives to the con- 
trol panels which are located on the 
second floor. The panels are located 
in two rows facing each other with 
at least 5 ft. of room behind the 
panels 80 that a man may do any 
necessary repair work in comfort 
and safety. There is a large window 
go located in the wall that most of 
the motors out in the mill can be 
seen from the control house. Con- 
duits to auxiliary motors go down 
through the floor. Power is fed to 
the panels from a bus located over 
the panels and under the resistor 
palcony. The resistors are placed 


anels. T 
e left is arranged for two 
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in two balconies in rows at right 
angles to the panels and each resis- 
tor frame is 80 mounted that it may 
be removed from the stack without 
disturbing the others. Walkways 
are provided between the rows of 
resistors so that each resistor is 
accessible from either side. This 
arrangement of resistors is illus- 
trated on page 418. 

The idea behind the whole instal- 
lation is that if a tight enclosure is 
provided, the operating conditions 
will be less severe and the mainte- 
nance much easier. Also, if all parts 
are accessible 80 that they can be 
reached in safety, the quality of in- 
spection received will be much bet- 
ter. When a failure actually does 
take place it will be quickly cor- 
rected, inasmuch as the room and 
facilities are provided for making 
quick repairs or changes. 

As mentioned before in this 
article, new uses and applications 
are being found for synchronous 
motors. Owing to this demand sev- 
eral manufacturers have developed 
automatic starters for use on these 
motors. Push button control is pro- 
vided and the direct-current field ex- 
citation is automatically applied 
under the control of a timing relay 
after the motor has been accelerated 
almost to synchronous speed. An 
installation of this type of control 
is shown on page 409. 

An interesting innovation was 
made in the control for the blast fur- 
nace pump motors in a large plant in 
the Cleveland district. These pumps 
are important applications and must 
at the same time have proper over- 
load protection; hence they are con- 
nected direct to the power house bus 
so as to insure continuity of gervice. 
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Because the ordinary compensator 
does not have sufficient rupturing 
capacity it was necessary to use oil 
switches of proper rupturing capa- 
city in connection with each pump. 
This made the layout rather expen- 
sive. 

To reduce the cost, and because 
the motors were seldom started and 
stopped, it was decided to use only 
one auto transformer. This is con- 
nected to the 2,300-volt supply by an 
oil switch. The auto transformer 
supplies low-tension starting voltage 
to a bus which is carried to each 
motor. Connecting this starting bus 
to each pump motor is a non-auto- 
matic oil switch that is used for 
starting duty only. The 2,300-volt 
supply is connected to each motor 
through an automatic oil switch 
equipped with overload relays. The 
starting and running switches have 
the usual mechanical interlocks and, 
in addition, interlocks are provided 
which prevent starting more than 
one motor at a time. This provides 
selective protection on each motor 
and eliminates the necessity of large 
auto-transformers for each motor. 

The question of whether to use 
compensators or primary resistance 
starters on low-voltage, squirrel-cage 
motors is still a live one. One engi- 
neer interviewed stated that he was 
using only primary resistance 
starters, while others expressed a 
preference for automatic compensa- 
tors. The general opinion, however, 
seems to be that there is a field for 
both; that some applications are 
more adapted to compensators while 
others are more suited for primary 
resistance starters. 

A very interesting installation of 
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about 1,500 enclosed circuit break- 
ers has been made in one steel plant 
in the Chicago district. Every motor 
in the plant is given overload pro- 
tection by means of an enclosed cir- 
cuit breaker installed in its vicinity. 
An unusual feature is that the cir- 
cuit breakers are made with remov- 
able elements. The leads coming to 
the circuit breaker are permanently 
connected to a terminal board which 
has contact blocks on the face of it 
which connect to the circuit breaker 
proper. The circuit breaker element 
is mounted on a separate panel 
which can be quickly removed by 
releasing the lever which holds the 
steel enclosing cover in place. Hence 
in case of a failure of a circuit 
breaker, replacement with a new cir- 
cuit breaker element is merely a 
matter of seconds. 

Reduction of spare parts by stand- 
ardizing on types and sizes of re- 
sistor frames has been worked out 
exceedingly well in a new blooming 
mill in which only four different re- 
sistor frames are used. 

Many operators expressed interest 
in a new type of resistor that has 
been recently developed. This re- 
sistor consists of a high-resistance 
alloy ribbon, wound on edge, and 


Here is an unusually well arranged 
resistor balcony. 


This is a close up view of the re- 
sistor stacks for the control panels 
shown on the opposite page. Each 
stack of resistors is for the panel 
directly underneath it. All resistors 
are accessible on both sides and are 
mounted independently in the stack 
so that each resistor frame may be 
removed without disturbing the 
others. Under each stack is a large 
opening for ventilation and through 
which the resistor leads pass to the 
control panel. An arrangement such 
as shown here cannot help but re- 


ceive frequent careful inspection, 


good maintenance and rapid repair. 
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mounted on a steel-reinforced porce- 
lain support that passes through the 
entire length of the unit. Two 
simple forms of clamps provide the 
facilities for making connections at 
the ends or at any desired point in 
the resistance. 

Another new development that 
will be of interest not only to steel 
plant electrical superintendents but 
also to the electrical men of all in- 
dustries is the line of threadless 
conduit fittings that have been re- 
cently placed upon the market. No 
threading of conduit is required 
with this fitting, the conduit being 
held to the fitting by an ingenious 
clamping arrangement by which the 
fitting actually bites into the con- 
duit. The fittings are made of mal- 
leable iron thereby preventing 
breakage. 


TENDENCIES IN POWER GENERATION 
AND DISTRIBUTION 


The steam turbine continues to 
hold first place as a prime mover in 
the generation of power in the steel 
plant. During the past year 14 
units aggregating over 100,000 kw. 
and which were sold to steel plants, 
is evidence of a substantial increase 
in generating capacity. 

On the other hand, there has been 
a decided increase in the amount of 
purchased power used in all steel 
districts. Most operators feel that 
the steel plant should generate 
power only to the extent of the waste 
heat available in the form of blast 
furnace gas and the like. Also, as 
the size and reliability of the public 
service companies have increased, 
steel mill operators have acquired 
more confidence in their ability to 
furnish continuous service. 

Some interest is shown in the in- 
terconnection of steel plant and pub- 
lic utility generating stations for 
the purpose of exchanging power. 
This is being worked out success- 
fully in several instances, but so far 
it cannot be said to be a general 
trend. 

At the present time power factor 
is receiving more careful considera- 
tion in many steel plants. This has 
been due to a closer study of operat- 
ing costs and the need for voltage 
improvement in power systems. 
Also, central stations are giving this 
subject more attention than in the 
past and are more strict in their en- 
forcement of the bonus and penalty 
clauses regarding power factor. 
However, many of the plants visited 
have their power factor under con- 
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trol. One plant visited has even gone 
so far as to automatically increase 
the field excitation on some of the 
synchronous motors driving air 
compressors, during periods of high 
maximum demand. 

This plant has an average power 
factor of 93 per cent, which is very 
satisfactory indeed. All operators 
interviewed stated that they were 
using synchronous motors in every 
possible application. This has been 
one reason for the large number of 
synchronous motor- generator sets 
used, as compared to rotary con- 
verters, for obtaining direct current 
in steel plants. 

As would be expected, the steel 
mills are following the developments 
that have become established prac- 
tice for power houses in the central- 
station field. The main tendencies 
are the use of higher steam pres- 
sures, better combustion of blast 


furnace gas under boilers, and cen-. 


tralization of power houses, together 
with the use of larger units. 
Greater interest is being shown in 
switching as applied to power houses 
and substations. This has been 
caused by connecting to utilities 
having a large power capacity and 
by the use of larger steel plant 
power houses. Hence, switches hav- 
ing a much greater interrupting ca- 
pacity than formerly considered ne- 
cessary are now required. Many 
plants have found it necessary to ex- 
change low interrupting capacity 
circuit breakers for larger ones. 


DEVELOPMENTS AND TRENDS IN SUB- 
STATIONS 


During the past year there has 
been an increased tendency toward 
the use of automatic substations. 
One plant in the Pittsburgh district 
has just purchased two equipments 
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for controlling synchronous motor- 
generator sets. The Wheeling Steel 
Corporation at Martins Ferry, Ohio, 
has purchased automatic equipment 
for two motor-generator sets. In 
discussing this subject with the 


writer one engineer stated that he 


would install automatic equipment 
in any new substations that might 
be put in and had considered putting 
in such equipment in his present 
substat ions. Inasmuch as he had 
been able to get substation operators 
to do quite a little bench work in the 
substation he has been able to re- 
duce the cost of operating the sub- 
station to such an extent that he had 
for the time being given up the idea 
of using automatic control in these 
stations. 

The increase in the use of auto- 
matic substation control has been 
due primarily to the extreme reli- 
ability of operation together with 
the operating saving compared to 
manual control. 

Another interesting tendency 
along the lines of automatic substa- 
tions is the automatic pumping sta- 
tion. One company is installing 
such a station for pumping water 
for its blast furnace. The pumps 


Another example of the trend 
towards better control houses for 
auxiliary control equipment. 


These twelve panels control the 
auxiliary motors of the new 40-in. 
blooming mill at the Lackawanna 
plant of the Bethlehem Steel Co. 
The fourth panel from the left is a 
spare which can be switched in 
place of any other panel by means 
of the transfer switches located on 
the bottom sections of the regular 
panels. Notice that the resistors 
are located in a balcony over the 
panels. At the left is a rear view 
of this panel. All leads to the 
motors and master switches leave 
through conduit in the floor. The 
resistor leads are the leads carried 
vertically and held by clamps 
fastened to the bottom of the bal- 
cony. Ample working space is pro- 
vided behind the panels. 
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are a very important adjunct to the 
blast furnace; consequently auto- 
matic operation is a step in advance. 
Among other things this installation 
will have protection for all bearings, 
a priming pump, and automatic 
starting of pump when primed. An- 
other engineer interviewed stated 
that he was considering a similar 
installation. | 

There is a very decided increase 
in the use of truck-type switching 
equipment. Many operators are 
swinging toward this type of 
switchboard because of the greatly 
increased safety and the ease of 
maintenance and repair. One objec- 
tion to truck-type boards has been 
their increased cost over the usual 
type of switchboard. However, sev- 
eral electrical superintendents in- 
terviewed stated that when the cost 
of installation of both types was 
considered, there was not so much 
difference in total cost. 

One large pipe manufacturer in 
the Chicago district is installing one 
of the largest truck-type boards that 
was ever built. Another plant in 
this district is putting in 12 such 
boards, two of which are for opera- 
tion on 12,000 volts and the remain- 
der on 2,300 volts. A notable instal- 
lation of truck-type switchboards is 
shown in the illustration on page 
411. Several motor-generator sets 
are controlled from these boards. A 
feature of this installation is that 
the starting and running boards for 
the motor-generator sets are sepa- 
rate and mounted on different 
trucks. Hence, after a motor-gen- 
erator set has been started, its 
starting board can be removed for 
maintenance work or for use on 
some other motor-generator set in 
case of necessity. 

(Please turn to page 457) 
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Fig. I Inspection of the chart 


; from the graphic meter tells what 
H Ow One P rogresstve | 1 kind of grounds are on the system 
Industrial Plant Is V and aids in locating them. 


A standard graphic voltmeter is 
mounted on iron brackets at the 
end of the switchboard. The meter 
is connected to the bus behind the 


* 8 
switchboard through two external 
Si] i ra 10 e ers resistors as is shown in Fig. 2. The 
` resistors may be seen mounted im- 


mediately to the left of the graphic 
meter and on the brackets support- 


for Detecting Grounds laa che mater 


article, was installed to cut down the 
On Its Direct-Current Distribution System and delays resulting from these trouble- 


‘ p o . some grounds. The graphic meters 
Power Service Equipment, Together With Details make a chart record of any grounds 


of the Installation, Typical Charts From the that appear on the system, thereby 


‘ . giving early notice of any impend- 
Graphic Meters, and the Results Obtained me and onie. Aba t the 


chart will show the character of the 


By R. H. BAHNEY — ground and thus greatly aid in lo- 
Chief Electrician, The Central Steel USING GRAPHIC meters for de- cating the point of failure. One of 
Company, Massillon, Ohio tecting grounds has resulted in a the main advantages derived is the 
LL who are familiar with elec- reduction of 26 per cent in the de- fact that the maintenance men know 
i lays on the direct-current equip- : 
A trically operated plants, espe- ment in a steel plant having 12,285 that we have a continuous check on 
cially with ungrounded, connected horsepower of direct- their equipment day and night. 
direct-current systems, will realize current motors and has also shown Foremen are required to report to 
the difficulti dl f ti f a material saving in the mainte- th b A 
e difficulties and loss of time fre- Mines odit e moire and e substation operators where the 
quently resulting from the failure other power service equipment. In grounds were located, thereby ac- 
of maintenance men to promptly lo- this article Mr. Bahney tells the counting for every ground shown on 
cat d 1 d th t details of the method he Uses and th h rt Co l h 
e and clear groun S l a appear shows how he interprets the charts ec art. nsequently the respon- 
on the power distribution lines. The from the graphic meters so as to sibility for the locating and clearing 


graphic meter system for detecting locate the grounds. of grounds is definitely fixed. 
grounds, which is described in this In the plant where the graphic 
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meters. The graphic meters used 
were designed for use with an exter- 
nal resistor of 1,400 ohms, when 
used on a 250-volt circuit. Thus it 
was necessary, in order to obtain a 
4 measurement of the voltage from 

2 either line to ground, to use two 
1,400-ohm resistors, one connected 
to each line as shown in Fig. 2. This 
results in the two resistors being 
connected in series across the line 
with the midpoint connected to the 
meter and the remaining meter ter- 
minal to ground. = 

With this arrangement we really 
have a Wheatstone bridge in which 
the voltmeter is the galvanometer, 
the two 1,400-ohm resistors are two 
Fig. 2—Connection scheme used legs of the bridge, while the insula- 


meters were installed, all auxiliary 
motors are supplied from a 250-volt 
ungrounded direct-current system. 
The system is fed from four substa- 
tions each of which has direct-cur- 
rent conversion capacity capable of joo ohm A 
carrying the load in its vicinity. The resistor- 
substations are approximately 3,000 
ft. apart and are connected by tie 
lines as shown in Fig. 4. As can be 
seen from this diagram, No. 2 sub- 
station is centrally located with re- 
spect to the other three substations. 
Normally the tie lines running from 
No. 3 and No. 5 substations to No. 
2 gubstation are closed. No. 8 sub- 
station is tied into the system only 
in case of emergency. 


250-Volt, D.C. Bus 


A graphic ground detector is in- for the graphic round detector z o ae 
stalled in each of these substations. Two pees V tion resistance between the positive 
These detectors are standard switch- nected in series across the direct: side of the line and ground is bal- 


current bus in the substations. The . ` 2 e 
board type graphic voltmeters hav- midpoint of the resistance is con- anced against the insulation resist- 
f f B . e 

ing 300-volt scales. The meters have graphie yoltmeter,, whose other ance between the negative side of 


: terminal is connected to ound. i 
a chart speed of 2 in. per hour. The This results in 4 Wueatstone bridge the line and ground to form the 


voltmeter elements are not polarized, and the insulation resistances 51 


consequently with the connection cach mios ore Š n ms Mepa Fig. These charts show how 
scheme used, the meter is able to takes t è piace or the customary 35 1 ba 155 so 1 fr 
indicate a ground on either sdaot oo SE 3 ereby aiding in 


See ae 


the line. A graphic meter having a Chart A was taken in No. 2 aibe 
how the ground 


7 : tnd station and shows no 
permanent magnet or D Arsonval deflection to the left would indicate was cleared from this zubstation by 


7 `: i opening the tie line breaker to No. 
type of voltmeter could be used just a ground on one side of the line g the tie 10 p. m. Chart B is 


as well, provided the scale is ar- while a deflection to the right would the chart that was taken in No. 8 
ranged with zero in the center in- indicate a ground on the other side ground did not eleur at 340 p. ng 
stead of at one end. This latter type of the line. thereby indicating that it was ub- 


one of the ag from this sub- 


of meter would indicate which side In Fig. 2 is shown the scheme of station. Charts D and B show the 
difference between a reversing and 


of the line was grounded, that is, a connections for the ground detector a permanent ground. 


* uf e * a 2 0 e & o 85 } 
Lot No. 2125-8. CIRCUIT NO. DATE 


8 * & & * o @ 3 
= = SS . = = 
— H. e 


2 


September, 1925 


other two legs of the bridge. As 
long as the insulation resistances 
between the two sides of the line 
and ground are approximately equal 
the voltmeter will give a zero indi- 
cation. However as soon as an in- 


sulation failure or partial ground 


occurs the balance will be upset and 
the graphic voltmeter will give a de- 
flection. Our experience has been 
that the meter will accurately show 
a ground as low as 20 or 80 volts, 
which in reality is a negligible 
ground. 

In case a graphic voltmeter not 
requiring an external resistor is to 
be used, two lamps may be connected 
in series across the line and the mid- 
point between the two lamps con- 
nected to the meter just as was done 
with the resistors. 

The ground meters are located on 
the front of one of the panels in each 
substation as shown in Fig. 1, where 
they are clearly visible to foremen 
and operators in passing. When an 
operator notices a deflection on the 
chart of his ground meter, he opens 
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Wie line 


Knife switch and 


circuit breakers 


Fig. 4—One rape ground de- 
tector is placed in each substation. 


As can be seen, there are four sub- 
stations in this plant, which are tied 
together by tie lines. When indica- 
tion of a ground is shown on the 
chart of one of the graphic ground 
detectors, the tie lines are open 

so as to isolate the substation in 
which the meter is located. If the 
indication continues on the chart, 
the ground is on the section of the 
system which this substation serves. 
Interpretation of the character of 
the curve given by the graphic meter 
further aids in locating the ground. 


up the tie-line circuit breaker so as 
to isolate his section of the system 
from the rest of the distribution 


system. If the deflection on the 


Fig. 5—The chart gives a record 
of the time at which the ground 
appears and the time elapsing be- 
fore it is cleared. 


This gives an incentive to clear the 
ground as quickly as possible be- 
cause the record then shows that 
the maintenance man is on the job. 
In chart F a ground appeared, which 
was quickly found to be on the 
brush holder of a shear motor. 
Twenty-five minutes later another 
ground appeared which was not lo- 
cated for 40 min. It was found on 
a trolley collector rail of a crane. 

soon as a ground has 
cleared notations are made on the 
chart as shown to tell the location 
of the ground. 
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meter continues, he knows that the 
ground is on one of the feeders 
going out from his substation or on 
the motors supplied by these feeders. 
If the meter goes to zero when the 
tie-line eircuit breaker is opened, he 
then knows that the ground is not in 
his part of the system. Assume that 
the operator in No. 2 substation ob- 
serves a deflection on his meter. He 
immediately opens the tie circuits to 
No. 3 and No. 5 substations. If the 
meter returns to zero, this at once 
localizes the ground to the sections 
of the distribution system in the 
vicinity of either No. 3 or No. 5 sub- 
stations. He then closes the tie cir- 
cuit to No. 3 substation and notes 
the effect on the ground meter. Ifa 
deflection is obtained, this shows 
that the ground is on the distribu- 
tion from No. 3 substation. No. 2. 
substation operator then calls the 
operator in No. 8 substation and re- 
ports to him the results of his test 

which he can verify by the record on 

No. 8 substation graphic meter at 


_ the time the tie circuit was opened. 


The operator, in the substation at 
fault, then advises the foreman in 
that department of the ground on 
his equipment. | 

A study of the interval and dura- 
tion of the lines on the graphic 
charts is of great help to the fore- 
man in definitely locating the ma- 
chine at fault. Chart A of Fig. 3 is 
taken from the graphic meter in No. 
2 substation. At 38:30 pm. a 
ground appeared. It was unnoticed 
for the first ten minutes after its. 
appearance. At 38:40 p.m. the 
operator saw the record on the chart. 
and started opening the tie line 
breakers. As soon as the tie-line 
breaker to No. 8 substation was 
opened the graphic indicated zero 
voltage, thereby showing that the 
ground was in that part of the sys- 
tem fed from No. 8 substation. 


(Please turn to page 459) 
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Some of the Points 
To Consider When 
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Planning a Lineshaft 


Installation 


With Factors Which Determine Size of Shaft Re- 
quired and Affect Method of Grouping Machines on 
Shafts That Transmit Power to Them 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


AMETER of a lineshaft for 
D a group drive in industrial 

plants is altogether too often 
determined by a combination of 
guess and a few rules of thumb. 
Frequently the diameter is deter- 
mined by comparison with another 
shaft which it is assumed “has about 
the same load.” 


This size so determined is usually 
checked against a table or chart sup- 
plied by a manufacturer of shaft- 
ing and, if within that rating, is 
used. These tables are calculated 
for shafts operating under ordinary 
conditions and unless some machine 
or drive is larger than is ordinarily 


found in the average group drive, 
using such a size of shaft, the in- 
stallation will probably operate sat- 
isfactorily. 

Several points which affect the 
determination of the size of the 
lineshaft would, if understood better, 


WHEN LAYING out lineshaft in- 
stallations, operating men alto- 
gether too frequently neglect to 
take into account some of the 
factors which may cause loads of 
unsuspected ‘magnitude to be put 
on a lineshaft. This article dis- 
these factors from the 


cusses 
standpoint of how their effects 
may be calculated, and minimized. 
Articles which will appear in later 
issues will discuss some of the 
points to be considered in the 
installation of lineshafts. 
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Here two lineshafts which transmit power 
to a miscellaneous group of machines are 


belted together and driven by one motor. 


be more appreciated and considered 
in both the estimation of the size 
and in the layout or arrangement of 
the installation. These points must 
necessarily be general in that line- 
shaft installations are seldom alike. 
Practically all industrial plants 
are different in the layout and ar- 
rangement of the machines and in 
the size and shape of the buildings. 
Economical and efficient production 
determines the grouping and ar- 
rangement of the machines. This is 
much more important in plants 
working on a definite product or 
group of products because the rout- 
ing of the material and semi-finished 
parts must then follow as nearly as 
possible a straight line. The ma- 
chines must be placed so as to per- 
mit this if possible. Whether such 
positioning of the machines requires 
one or several lineshafts is of secon- 
dary importance, compared to the 
effectiveness of the arrangement. 
The value of effective arrange- 
ment of machines is so great that in 
several shops, which manufacture 
various products in large quantities, 
the machines may be lined up in one 
arrangement for a month or more to 
manufacture a certain product and 
then be rearranged to manufacture 
something different. One company 
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even moves lineshafts and counter- 
shafts as may be necessary to im- 
prove the layout of the machinery 
on jobs which last only a month or 
two. Here the whole plant will work 
on one job until it is finished and 
then take up the next order, re- 
arranging the machines and drives 
as necessary. 

Ordinarily shops which do jobbing 
or a variety of work such as tool 
rooms, manufacturing plants that do 
jobbing on contract, and factories 
which turn out a variety of prod- 
ucts, group machines of a type to- 
gether. These groups of one type of 
machines generally make easier line- 
shaft layouts than when a variety of 
machines are arranged together, as 
is frequently the case. 


ADVANTAGES OF SMALL GROUPS OVER 
ONE LARGE GROUP 


A number of advantages result 
from making several small groups of 
lineshaft drives instead of one large 
group, even though it is possible to 
use a single group and one lineshaft. 
In the first place, lineshafts of 
smaller diameter may be used, which 
will also take smaller hangers and 
bearings. This will decrease the 
cost of the shaft, bearings, and 
hangers. Shafting is sold by weight 
and a 8rs-in. shaft weighs twice 
as much per foot as a 2%-in. 
shaft and three times as much as a 
13#8-inch shaft. The cost of bearings 


“goad of a lté-in. shaft. 
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The lineshaft speed is made to fit 
all machines but one. 


When determining the speed at 
which the lineshaft is to operate, an 
average speed, suitable for the dif- 
ferent machines, is chosen. Usually. 
however, a few machines operate at 
speeds considerably above or below 
the average. In such cases it is 
generally best to ignore them in 
computations, so as to obtain the 
most suitable speed for the average 
machines. The few exceptional ma- 
chines can then be driven through 
countershafts, as is the small grind- 
er in this illustration, to better ad- 
vantage than by using a speed 
poorly adapted to the majority of 
machines. Many lineshaft speeds 
are held down to accommodate the 
low operating speed of a power- 
driven hacksaw. It would be much 
more economical and effective to 
operate the lineshaft at a higher 
speed and install a countershaft. 
similar to the one used here on the 
grinder, to step down the speed for 
the hacksaw. 


and hangers increases with increase 


in shaft size in about the same pro- 
portion. 

Under average conditions a 2% 
in. shaft will carry about twice the 
The 
3%-in. ‘shaft will carry about five 
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times as much as a l?#é-in. shaft 
and between two and three times as 
much as a 218-in. shaft. Thus an 
installation which requires a 3%- 
in. shaft could be split up into four 
groups each of which would take a 
1té-in. shaft. If the load on the 
single shaft were 40 hp. each of the 
smaller shafts could be operated at 
about 10 hp. The four smaller 
shafts, hangers and their bearings 
would cost about a third more than 
for a single big shaft of the same 
length. The cost of erecting the four 
smaller shafts, however, would most 
likely be less than for the one large 
one because they could be handled 
more easily. 

Four individual motors would cost 
a little over twice as much as a 
single large motor of the same rat- 
ing. A single large lineshaft would 
probably require one or more auxil- 
iary lineshafts, which would add to 
the cost. The four smaller groups 
would probably not require any addi- 
tional auxiliary shafting, which 
would be an advantage. 

Although the four groups would 
probably cost more for the complete 
lineshafts and motors than the sin- 
gle shaft layout there are other ad- 
vantages in the smaller groups which 
would largely offset this. For in- 
stance, in case only a few machines 
were to be operated overtime only 
one or perhaps two groups might 
need to be operated. With a single 


Table for Determining Horsepower of Shafting Under Different Conditions 


For Head Shafts, Heavy Strains, 
shafts with gears, etc. 


ror Line Shafts, with bearings every 
t. ; 


For me transmission of power 
with no bending strains. 


| H. P. = DIR H. P.=D!R H. P. DꝛR 
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Revolutions per minute Revolutions per minute Revolutions per minute 
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shaft for all machines the whole 
line is operated even if only one 
machine is to be used. Also, with 
the several smaller groups it is feas- 
ible to keep a spare motor which 
could replace quickly any one of the 
motor drives which might fail. Any 
such failure would interrupt the op- 
erations of only one group and so 
only part of the shop would be down 
in case a motor failed and no spare 
was available. When a number of 
machines are divided into several 
groups it is usually possible to get a 
better arrangement of the equip- 
ment and often a more effective 
utilization of the space. It is far 
better and more economical to put 
an installation in as it ought to be, 
even though the first cost is higher, 
than to make the best of a poorly 
planned layout which must always 
be operated uneconomically or 
changed later at an added expense. 

The laying out of machinery in the 
most economical arrangement is a 
special task which space does not 
permit of extensive treatment here. 
Probably the best method to use is 
to make a drawing of the floor plan 
and then, on the same scale, draw 
and cut out templets of each ma- 
chine to be installed. The problem 
then is a cut-and-try arrangement of 
these templets until they are placed 
in the best position for routing of 
work, aisle space, lighting, conven- 
ience and power drive. The result is 
usually a compromise on some of 
these points. 

In determining the diameter of 
lineshaft for any particular installa- 
tion the fact that every shaft is un- 
der a bending and twisting stress 
cannot be given too much impor- 
tance. The bending stress is the 
more important of these and also is 
the more generally neglected. Al- 


Chart of combined torsional and 
bending moments for determining 
proper shaft sizes. 


After the bending and torsional 
moments have been computed, as 
explained in the text, the shaft size 
as determined by the table on page 
419 is checked with this chart to see 
that the stresses do not exceed the 
permissible loads on that shaft 
size. The first step in this is to 
determine the permissible fiber 
stress in pounds per square inch, 
which is given in the upper left- 
hand corner of the chart. For light 
service the higher figure 18 used: 
for heavy ee it is desirable to 
use the low figure. The figures at 
the top of the chart show the per- 
missible torsional moments in thou- 
sands of inch-pounds for these 
fiber stresses; the column at the left 
shows the permissible bending mo- 
ments in thousands of inch- 
pounds. In using the chart extend 
a vertical line down from the tor- 
sion load to the intersection of a 
horizontal line from the bending 
load. The intersection shows the 
size of shaft to use. 
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though the size of a lineshaft is 
usually determined from data, such 
as given in the table on page 419, it 
is well to check the larger and 
heavier drives taken off the lineshaft 
to find their effect upon the shaft. 
The bending stress is due to the 
pull of the belt, the weight of the 
pulley and its distance from the 
hangers. On any belt drive the ef- 
fective belt pull is the difference in 
tension between the tight and the 
loose sides of the belt. For example, 
if this difference in tension is 100 lb. 
and the belt speed is 3,800 ft. per 
min., the belt is transmitting 10 hp. 


Under general conditions the tension. 


of the belt on the tight side is about 
twice that on the slack side. Thus, 
in the example given above, the pull 
on the tight side of the belt would 
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be 200 lb. and on the slack side 100 
Ib. which, with the addition of 100 lb., 
for the weight of the pulley, would 
make a total bending load of 400 lb. 
due to this, single drive. Assume, ' 
for convenience, that this pulley is 
placed midway between the hangers, 
which are ordinarily spaced 8 ft. 
apart. The bending load is therefore 
[400 (Ib.) +2] (96 (in.) —2]—9,600 
inch pounds. 

Increasing the distance between 
the hangers, however, increases the 
bending moment proportionately 
even though the load is not changed. 
Thus, if the same load were placed 
midway between hangers 12 ft. 
apart the bending moment would be 
14,800 in.-lb. 

The corresponding twisting mo- 
ment of this drive, assuming a 36-in. 
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of 
Pulley - 
Tension in Tansion in 
slack side driving side 
of belt 400 lb of belt 
1001b 200/b 


This shows the direction and mag- 
nitude of the force which causes 
bending of a lineshaft. 


This bending force equals the ten- 
sion in the tight side plus the 
tension in the slack side plus the 
weight of the pulley. The effect of 
this force on the lineshaft depends 
upon the distance of the pulley 
from the hanger, as is shown 
three e A, B and 0 


of tensions between the slack and 

tight sides of the pulley is one to 

two. With high-speed belts this ratio 

is sometimes increased to one to 
ree. 


pulley, would be 100 (Ib. effective 
pull) X (362) = 1,800 in.-lb. 
Reference to the chart of Com- 
bined Torsional and Bending Mo- 
ments” on page 420 shows how these 
loads affect the shaft size. The de- 
tailed explanation of the use of this 
chart is given in the caption accom- 
panying it and will not be repeated 
here. Assume that the desirable 
fiber stress should not exceed 8,000 
Ib. per sq. in. The results are that 
a l-in shaft would take care of 
the torsion load if no bending load 
were present. However, the bending 
moment of 9,600 in.-lb., with hang- 
ers 8 ft. apart, would require a 
2W-in. shaft and the 14,800-in.-lb. 
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Power Required for 
Group of Machine Tools 


MACHINB HORSEPOWER 
1 band saw 3 
1 18-in. lathe 4 
2 10-in. lathes . . 4 
1 Shaper 8 
1 power forge .................... 1 
1 power hacksaw .............. * 


1 large drill press................ 
3 small pattern lathes. 3 
2 small tapping machines. 2 


1 small drill press. . 2 
1 milling S 3 
4 small tool grinders. 12 
1 small bench lathe. 1 


NoTE: On this particular group 
drive a 10-hp. motor belted to 
the lineshaft was used. The 
motor horsepower in this case 
is 21 per cent of the total rated 
horsepower of each machine. In 
some cases where it is likely 
that many of the machines will 
be in operation all of the time 
the driving motor must 

about 50 per cent of the total 
rated horsepower of the indi- 
vidual machines. 


bending moment resulting if the 
hangers are 12 ft. apart would re- 


quire a 2łł-in. shaft. 

If, however, this pulley were 
moved to a distance of 1 ft. away 
from the hanger on the 8-ft. spacing 
the bending moment would be 
35040124, 200 in.-lb. which is not 
too heavy a stress for a 1%8-in. 
shaft. The twisting or torsion load 
would not be affected by the position 
of the pulley relative to the hanger. 

From this it is easily seen that the 
most attention must be given to the 
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Three typical examples of the ef- 
fect of the application of the load 
on the bending moment. 


The effect of the bending moment 
upon the shaft is altogether too 
often neglected in determining sizes 
of shafts. These three sketches 
show typical examples of pulley 
locations and the effect of location 
upon the load. In A the pulley is 
places midway between the two 
angers, which gives it the highest 
bending moment possible on this 
type of installation. The bendin 

moment is increased 60 per cen 

when the shaft hangers are placed 
12 ft. apart, as in B. The resultant 
effect on shaft sizes is discussed in 
the text. Conversely, in O the 
bending moment is considerably 
decreased by placing the pulley 
close to the hanger. This is not 
only very desirable from the effect 
on the size of shaft required and its 
first cost, but also makes for more 
effective operation. 


bending load and the effect of the 
position of this load with respect to 
the hangers. It is not the load alone 
but how it is applied that finally de- 
termines the size of a lineshaft, even 
though the rating is satisfactory as 
shown by a table similar to the one 
on page 419. 

These facts bring out some of the 
most important points to consider. 
While 8-ft. spacing between hangers 
is good industrial practice it, should, 
nevertheless, not be such a fixed and 
set rule that the spacing can not be 
decreased or an additional hanger in- 
stalled, where necessary, to place a 
hanger near a heavy bending load. 
If the shaft is already installed and 
a relatively heavy load for that shaft 
is moved so as to come midway be- 
tween two hangers it is well to in- 
stall another one nearer the load. 

The arrangement of industrial ma- 
chines is varied so frequently that it 


A group of main and auxiliary 
lineshafts in a textile mill. 


Where long machines, such as these, 
are driven from lineshafts it is often 
necessary to group several pulleys 
between a pair of hangers. In such 
cases it is always advisable to place 
them as near the hanger as possible. 
How the bending moment on the 
lineshaft is affected by the distance 
the load is applied from the hanger 
is discussed in the text and in th 
captions accompanying the drawings 
at the top of the page. 
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is seldom advisable to lay out line- 
shafts with the hangers spaced over 
8 ft., even though at that time cer- 
tain sections of the shaft do not 
drive any machines. In almost any 
shop additional machines are in- 
stalled from time to time, which fact 
must be kept in mind when design- 
ing any lineshaft installation. 

The permissible deflection of a 
lineshaft is 0.01 in. to the foot. If 
the hangers are spaced too far apart 
and a heavy load placed midway this 
deflection is often exceeded and is 
one of the most common reasons for 
pulley spokes breaking near the rim. 
This is due to the continual “weav- 
ing” of the face of the pulley as it 
is pulled straight by the belt while 
the pulley itself is tipped by the 
bending of the shaft. Breakage of 
pulleys where the spokes join the 
rim indicates that the lineshaft is 
too small, but can generally be rem- 
edied by adding a hanger close to the 
pulley. 

Next to the loading of a lineshaft 
the speed at which it is to operate is 
of most importance. The tendency 
of the present-day installations is 
toward higher speeds. Much of this 
is due to the increasing use of ball, 
roller, and tapered-roller hanger 
bearings. Also, there is an advan- 
tage in using high-speed motors as 
these are cheaper and usually more 
efficient. If the lineshaft is speeded 
up, a smaller ratio of reduction is 


A typical arrangement of a group 
drive. 


In the arrangement of this group of 
machines particular attention was 
given to placing those which re- 
quire the best lighting near the 
window. Note the criss-cross ar- 
rangement of lineshafts and coun- 
terahafta. 
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Graphic method of determin- 
ing the location of the motor 
driving a lineshaft so that 
approximately equal amounts 
of power are taken off on 
each side. 


required between shaft and motor. 

Because the power transmitted by 
any lineshaft is determined by the 
speed, any increase in the speed of 
the shaft will permit not only the 
use of smaller pulleys to obtain the 
same or higher belt speeds but also 
the use of a smaller size of lineshaft. 
Lower belt tension and generally 
narrower belts and pulleys may be 
used with higher speed operation, 
which lowers the first cost. 

One power transmission engineer 
endeavors to make machine shop 
lineshaft installations operate at 
about 250 to 300 r.p.m. Former 
practice has been to operate shafts 
in this industry at 125 to 175 r.p.m. 
Because manufacturers of metal 
working machinery have almost 
standardized on this lower speed of 
lineshafts, many of the machines 
are provided with pulleys which 
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would give a good reduction ratio 
when operating at the lower speeds. 
The tendency today is toward high- 
speed operation of these machines 
and so in many cases only small 
changes are necessary in the pulleys 
and the machines in order that they 
may be connected to a higher-speed 
lineshaft. This engineer stated that 
in several installations the only ma- 
chine which he was not able to con- 
nect to a high-speed lineshaft was a 
power hacksaw. He felt, however, 
that the advantages of operating all 
of the other machines at an econom- 
ical speed overcame the disadvan- 
tages in connecting the hacksaw, 
which required a contershaft reduc- 
tion. The modern practice . with 
woodworking installations is to drive 
the lineshaft at 400 to 600 r.p.m. 
Practically all woodworking machin- 
ery operates at a high speed. 

In determining the speed of a 
shaft, it is necessary to take what 
might be termed a good average op- 


erating speed for the entire group 


of machinery. The few exceptions 
which cannot be made to fit in with 
this speed can be taken care of to 
better advantage individually than 
by permitting the remainder of the 
machinery to run uneconomically so 
that special arrangements will not 
be necessary for the few exceptional 
machines. 

An economical installation, taking 
into account the cost of pulleys and 
belts, operates at an approximate 
belt speed of 2,000 ft. per min., ac- 
cording to some curves and estimates 
made by R. C. Moore, Chief Engi- 
neer, Chas. A. Schieren Co. This 
belt-speed is somewhat low for 

(Please turn to page 460) 
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Important Factors 
Regarding the 


Maintenance of Large 


Motors in Steel Mills 


Including Methods of Protecting Equipment From 
Dust, Dirt, and Sweating Together With Tests That 


Should Be Periodically Made on the Machines 


By O. NEEDHAM 


Steel Mill Section, General Engineering 
Department, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


HE need of insuring proper 
maintenance — an important 
one with respect to any kind 

of machinery—is especially impor- 
tant with regard to electric equip- 
ment for large motors in steel mills. 
All electric motors, reduced to 
their simplest form consist of copper 
for conducting the currents, iron 
for forming the magnetic path, and 
insulation for confining the electric 
current to the copper conductors. In 
addition to the above there must be 


AN ANALYSIS of a sample of dust 


taken from the bedplate of a roll- 
ing mill motor showed that 81 per 
cent of the sample was composed 
of good conducting material, which 
would tend to introduce creepage 
currents that would break down the 
insulation of the motor. It is for 
this reason that greater precautions 
must be taken to protect electrical 
equipment in steel mills than in 
many other industries. In this arti- 
cle Mr. Needham describes some 
of the methods that may be used 
to prevent the accumulation of 
dust in the motor and sums up 
details of the maintenance re- 
quired on large, steel mill motors. 


Good maintenance requires that the insula- 
tion be kept clean. When the motor is not 
located in a separate motor room, keep- 
ing the motor clean is sometimes quite a 
problem. In this hot sheet mill, enclosing 
covers were placed on the motor and air 
from an air washer is forced through a 
ventilating duct to the motor. The. air 
washer and blower are shown on page 456. 


mechanical parts for properly hold- 
ing the working material together 
and for transmitting the power me- 
chanically to the driven mechanism. 
This latter refers particularly to the 
spider, shaft and bearings. 

Since all rotating electric ma- 
chines, except squirrel cage induc- 
tion motors, must receive or deliver 
some of their electric current 
through sliding contacts, which are 
commutators on direct-current ma- 
chines and slip rings on induction 
and synchronous motors, these slid- 
ing contacts must also be regarded 
as a vital part of the machine. 

A consideration of proper main- 
tenance must, therefore, give atten- 
tion to each of the divisions men- 
tioned above. 

Very little can happen to the cop- 
per and iron parts of a motor except 
from vibration, or excessive peak 
loads which might distort or crystal- 
lize the copper conductors. A num- 
ber of things can affect the bearings, 
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“such as vibration, dirt, improper 
lubrication and excessive pressures. 
Commutators are affected by 
moisture and oil as well as vibration 
and dirt. Sparking may result from 
the above and also from roughness, 
high mica, improper brushes, and 
‘ improper brush position. Numerous 
articles have been written covering 
causes and remedies for sparking 
and this will be passed over here 
with the comment that commutators 
must be kept free from moisture, oil, 
and dirt, and they must be stoned or 
ground when they become rough. 
The commutators should be checked 
occasionally to make sure that the 
holding bolts have not loosened. 
Slip rings should be kept clean, 
true, and smooth and operated with 
proper and well-fitting brushes. 

Insulation is the most vital part 
of the motor and unfortunately the 
most delicate. Insulation is affected 
by heat, dirt, oil and moisture, vi- 
bration, and abnormal voltages. 

In reviewing the foregoing the 
one thing that affects the entire ma- 
chine is mechanical vibration. This 
may cause crystallization and break- 
age of copper conductors, loosening 
of iron, damage to commutators, and 
pounding out of bearings. The vi- 
bration may be caused by improper 
alignment, loose foundation bolts, 
unbalanced rotor, unbalanced cou- 
pling, or may be transmitted to the 
motor from the mill equipment. It 
may also be caused by unbalanced 
electrical circuits. Careful attention 
must be given to all of these points 


at the time the installation is made . 


and during subsequent periodic in- 
spections. 
Excessive bearing pressures may 


Holes in frame 


for Het 
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result from misalignment or from 
bent shafts. These points should 
receive attention from the inspector 
in his rounds. Bearings are also af- 
fected by vibrations which may de- 
velop a pumping action causing loss 
of lubrication. This also may dam- 
age the babbitt by pounding. Dirt 
getting into bearings is very disas- 
trous as it will grind out the babbitt 
and cause heating. It also pollutes 
the oil rendering it unfit for use. 
The oil must be kept clean and 
changed or filtered as often as neces- 
sary. Under favorable conditions 
and ordinary care, once a year is 
ample. However, the oil should be 
inspected every month or at any 
time that there is reason to suspect 
that dirt has found its way into the 
bearings and must be changed or 
filtered upon any evidence of dirt or 
grit. The extremes of temperature 
at any locality may have consider- 
able to do with the selection of the 
proper grade of oil to be used but a 
little study and observation will en- 
able an operator to determine the 
best grade of oil for his conditions. 


CAUSES OF DETERIORATION OF 
INSULATION 


We next come to the important 
question of insulation. In accord- 
ance with the standardization rules 
of the American Institute of Electri- 


How a standard open type motor 
may be arranged for forced venti- 
ation. 


Cover plates are added to the sides 
of the motor so as to tightly enclose 
it. Air is forced through a duct 
brought in at the bottom and at 
one side of the motor, goes throu 8 
the motor. and exhausts into t 
room throus h the holes in the nar 
riphery of the frame. This method 
was used for the hot sheet mill 
motor shown on page 423. 


le. Cover-plates added 
f standard open 
motor 
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cal Engineers, steel mill motors are 
given an insulation test at the fac- 
tory of twice normal voltage plus 
1000 volts, insuring an ample factor 
of safety against insulation break- 
down, but this wide margin of 
safety is naturally reduced after the 
machines are in service. The rate 
of deterioration depends on several 
causes, the principal among which 
are, excessive overloads, abnormal 
voltage, mechanical vibration, and 
accumulation of dirt and moisture. 
The moisture may be the result of 
sweating or of other causes. Let us 
consider each of these causes in 
turn. 

Overloads—Motors must be pro- 
tected against injurious overloads 
by proper control apparatus. 

Abnormal Voltages — Abnormal 
voltages may be occasioned by par- 
tial grounds, lightning, etc., and the 
insulation should be protected from 
break-downs due to this cause by 
suitable lightning arresters, react- 
ors, and other standard devices. 

Vibration—As_ stated before in 
this article mechanical vibration is 
caused either by improper align- 
ment, loose foundation bolts, unbal- 
anced couplings, or is transmitted to 
the motor from the mill equipment. 
Whenever possible the motor should 
be protected from vibration from the 
mill by the use of well-balanced flex- 
ible couplings. 


Dust IS THE MOST COMMON SOURCE 
OF TROUBLE IN WINDINGS 


A very common source of trouble 
is the collection of dirt and dust in 
the windings. An analysis was 
made of a sample of dust taken from 
the bedplate of a rolling mill motor 
and the composition was found to be 
as given in the accompanying table. 
The carbon, iron oxide, and water 
compose 81 per cent of the sample 
and each of these components form 
good conducting material, which 
would tend to introduce creepage 
currents that would break down the 
insulation of the motor. It is for 
this reason that greater precaution 
must be taken in steel mills to pro- 
tect electrical apparatus than in 
other industries where the atmos- 
phere is not laden to such an extent 
with conducting material. 

The best method of protecting a 
motor from this dust and dirt is to 
provide a motor house within the 
mill. When a motor house is pro- 
vided it is easier to keep the appara- 
tus clean and the mill men and un- 
authorized persons are kept away 
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from the electric equipment. One 
of the most important things to con- 
sider in the installation of a motor 
house is to make certain that the air 
for ventilating purposes is taken 
from a clean source. In every case 
the motor room should be completely 
closed off from the mill and where 
clean air is not directly available, 
an air duct with a blower should be 
provided. It frequently occurs that 
it is not possible to obtain clean air 
in a steel mill so that ventilating 
systems are usually provided with 
air cleaners. The amount of air 
necessary to ventilate a motor de- 
pends upon its electrical losses. It 
is best to have the manufacturer 
specify the amount of air necessary, 
but as a general rule about 10 cu. ft. 
per minute per rated horsepower 
will be sufficient. Gas fumes as well 
as dust and dirt should be kept out 
of the motor room. 

In laying out ventilating ducts, 
care should be taken to avoid sharp 
turns as these seriously interfere 
with the passage of air. The ducts 
should be made as straight as pos- 
sible and of such dimensions that 
excessive air velocities will not be 
encountered. Velocities in the duct 
of about 2,000 ft. per minute have 
been found very satisfactory for this 
purpose. 

It is advisable to provide two in- 
takes for air, one arranged to take 
air from the inside of the motor 
room, the other from the outside of 
the building. This arrangement is 
necessary since, in the winter the 
air which is taken from the outside 
may carry snow and ice into the 
windings. If an air washer is used 
it may become clogged with ice. 
With the arrangement mentioned 
above, all or a part of the air can be 
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Here is a good arrangement of 
blower and air washer in a motor 
room basement. 


Provision is made for taking air 
from outdoors through the stack as 
shown in lower diagram, which is 
an elevation view; or air may be 
taken through doors from the base- 
ment as shown in the top plan view. 


taken from inside the motor room in 
winter weather. It is best to pro- 
portion the amount of air taken 
from each source so that the tem- 
perature in the duct is not below 50 
deg. F. A single door or shutter 
arrangement should be provided for 
the two intakes and arranged so that 
in closing one shutter the other is 
automatically opened. This will pre- 
vent the possibility of both intakes 


being closed at the same time, de- 


priving the motor of its ventilation. 
This door will serve as a damper 


This is a splendid example of a 
motor room that was laid out with 
the view of securing proper care 
and maintenance of the equipment 
housed therein. 


Three large motors are located in 
this room, each of which drives main 
rolls located just outside of the 
room. The building is of brick and 
the walls and floor are of tile, thus 
dust does not readily enter and the 
room also is very easy to keep clean. 
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for properly proportioning the 
amount of air taken from each 
source, the door being fixed in the 
proper intermediate position. The 
diagram on this page shows a sug- 
gested arrangement. 

When ventilating air is forced 
into the motor room the room should 
be designed with sufficient openings 
to provide free outlet for the air 
so that a pressure will not be set up 
in the room and the influx of air 
opposed, thus diminishing the 
amount of air given to the machines. 
A good plan is to install, near the 
roof, exhaust fans having sufficient 
capacity to expel approximately the 
same amount of air as is forced in by 
the blower. A slight pressure in 
the room is not objectionable as it 
prevents dust-laden air from coming 
in through doors and windows and 
other openings. 

Sometimes it is not convenient to 
install a motor house. An instance 
of this kind is a hot-sheet mill. 
Some operators, in cases of this 
kind, have placed enclosing covers on 
the motors, provided a ventilating 
duct, and installed a blower and air 
washer for force-ventilating the 
motor with clean air. On page 423 
is shown a motor so arranged with 
enclosing covers. The illustration 
on page 456 shows the blower and 
air washer. The duct is located un- 
der the collector rings. The diagram 
on page 424 shows how the duct is 
brought in. 


HOW TO PREVENT SWEATING OF 
MOTORS AND GENERATORS 


Sweating is a result of a differ- 
ence of temperature between the ma- 
chines and the surrounding air. If 
the air is saturated at a certain tem- 
perature, and is cooled below this 
point it gives up some of its mois- 
ture. When the temperature of the 
machine is low enough to reduce the 
temperature of the air below the 
dew point all excess moisture is 
precipitated upon the machine. This 
is very injurious to the insulation. 
This phenomenon is frequently no- 
ticed on cold water pipes when the 
humidity is high. If the room tem- 
perature is kept uniform at all 
times or if the machines are kept 
slightly warmer than the surround- 
ing air, sweating will be prevented. 
When the machines are installed, ar- 
rangement should be made to keep | 
them slightly warm at all times. 
During periods of more or less ex- 
tended shutdowns the machines 
should be covered by tarpaulins and 
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a small amount of external heat ap- 
plied to keep the machines at a tem- 
perature that will prevent sweating. 
Where high-voltage, alternating-cur- 
rent machines are installed in locali- 
ties having high humidity, schemes 
have been worked up whereby 220- 
volt alternating current can be ap- 
plied to the motor windings by 
simply switching the motor from its 
power line to the 220-volt shop cir- 
cuit. This can be done very quickly 
and only a small amount of power 
is required. As the heat is applied 
internally, it is necessary to keep 
the temperature only a few degrees 
above that of the surrounding at- 
mosphere to prevent precipitation. 
Some operators have arranged space 
heaters in the frames of large in- 
duction motors and others have ar- 
ranged electric heaters made up 
from grids or have even used steam 
pipes under the motors to keep them 
warm during shutdown periods. 


RECOMMENDED METHODS OF CLEAN- 
ING AND PAINTING MACHINES 


After the machines are placed in 
regular service the entire equipment 
should be kept clean, particularly the 
insulation. It is advisable to keep 
all machines painted as the paint 
will not only be a benefit to the 
machines by preventing rust and 
making them easier to clean, but also 
will be an incentive to the operators 
and attendants to keep the motor 
room and apparatus neat and clean. 
In addition to painting the iron and 
steel parts of the machines, the ex- 
posed parts of the windings, and 
particularly the creepage surfaces 
over the insulation, should be gone 
over at least once a year with a good 
insulating varnish. Most of the air 
drying varnishes will dry in from 24 
to 48 hours with a room temperature 
of approximately 25 degrees C. If 
a shorter time is necessary the var- 
nish can be dried more quickly by 
covering the machines with a tar- 
paulin, leaving an opening at the top 
for moisture to escape and placing 
resistance yrid heaters under the 
machines to raise the temperature 
to not more than 100 deg. C. This 
treatment will cause the insulation 
to become smooth and glossy so that 
dirt will not adhere readily. A bak- 
ing varnish is to be recommended 
in preference to an air drying var- 
nish if conditions are such that it 
can be applied. This requires a 
somewhat greater preparation as the 
machine should be covered over and 
heaters provided to keep the ma- 


INDUSTRIAL ENGINEER 


chine at about 100 deg. C. for 24 
hours. Previous to applying any 
kind of varnish the insulation must 
be absolutely clean. The machine 
may first be thoroughly blown out 
with a moderate pressure air blast 


Analysis of Dust 
Found on Steel Mill Motor 


PER CENT 


COMPONENT PARTS Š 
OF SAMPLE 


Carbon as coke dust, etc. 
Silica as slag, sand, etc.. 
Iron oxide as scale and 


Of this sample, 81 per cent is 
good conducting material, which 
would tend to introduce creep- 
age currents that would break 
down the insulation and cause 
a shutdown. It is for this rea- 
son that eater precautions 
must be taken in the mainte- 
nance of electrical equipment in 
steel mills than in other indus- 
tries where the atmosphere is 
not laden to such an extent with 
conducting material. 


and then wiped thoroughly with rags 
saturated in alcohol to make certain 
that all oil and dirt are removed. 
These rags should be drawn through 
between the coils and all pockets 
should be thoroughly wiped out. 


INSULATION RESISTANCE SHOULD BE 
MEASURED PERIODICALLY 


Periodic inspection should be 
given to the entire equipment, say 
every week or so, at which time the 
machine should be thoroughly blown 
out with a moderate pressure air 
blast—about 25 to 30 lbs. per sq. in. 
is the most satisfactory. As the 
mill line is usually high pressure— 
on the order of 100 lb. per sq. in.— 
it is advisable to provide a reducing 
valve and water trap so as to obviate 
any danger to the insulation due to 
moisture or a high-pressure blast. 
In some cases a low pressure air 
compressor is installed for this pur- 
pose. Care must be taken to prevent 
dirt from getting into the bearings 
during this cleaning. 

At occasional inspection periods, 
the insulation resistance should be 
measured while the machines are 
still warm, and a permanent record 
kept. This will show whether any 
deterioration of insulation is taking 
place, and preventive steps can be 
taken before an actual breakdown 
occurs. 

The insulation resistance can be 
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taken with a high-voltage megger or 
a 500-volt d.c. circuit and a high- 
resistance voltmeter. A megger or 
megohmer is the more convenient 
method of measuring insulation re- 
sistance. If a grounded direct-cur- 
rent, 500-volt circuit is used, care 
should be taken to see that the 
grounded side is connected to the 
frame of the machine. In using a 
megger or megohmer the instruc- 
tions coming with the instrument 
should be carefully followed, or mis- 
leading and erratic results may be 
obtained. These readings should be 
taken when the insulation is warm 
and the insulation temperature re- 
corded with the reading. 

When using a high-resistance volt- 
meter and a 500-volt, d. c. circuit, 
one side of the circuit is connected 
to the frame of the machine and the 
other to the bare windings through 
the voltmeter. The insulation re- 
sistance may then be determined 
from the following equation: 

R = [(V—v) Xr]--V 
where R= the insulation resistance 
r= the resistance of the 
voltmeter 
V = the line voltage 
v= the voltmeter reading. 

The most positive method of 
measuring the ability of the insula- 
tion to withstand operating voltage 
is to apply actual potential tests on 
the insulation. This requires a small 
transformer testing box designed to 
give a wide range of voltages and 
having a capacity of about 1 kva. 
for each 1,000 volts rating of the 
high-tension side of the testing 
transformer. 

The test voltage can be applied 
for a period of one minute and if 
a weak point is found, very little 
damage will be done, due to the small 
capacity of the transformer. On the 
other hand, if the apparatus is con- 
tinued in service without discover- 
ing this weak point, the apparatus 
itself may be connected to a power 
circuit having considerable capacity 
and when the breakdown occurs, the 
large amount of power available may 
seriously damage the machine. Such 
a breakdown naturally occurs when 
the mill is in operation, and its de- 
lay is serious. If a testing trans- 
former is used this can be done be- 
fore the equipment is started up 
and the repair made before the mill 
is placed in operation. Before this 
voltage test is made, the machine 
should be blown out and all brass 
and copper parts wiped clean as the 

(Please turn to page 456) 
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Handling Materials by 
Air in Industry 
Such as the Equipment and Quantity of Air Re- 


quired, the Different Materials Which May. Be 
Handled in This Way and Some of the Advantages 


and Economies Resulting 


By CHARLES L. HUBBARD 
Mechanical Engineer, Boston, Mass. 


EVIOUS articles in this 
Prec. which have appeared in 

earlier issues of INDUSTRIAL 
ENGINEER, have taken up the re- 
moval of fumes, vapors and fine dust 
by means of pneumatic systems em- 
ploying a fan for producing the 
necessary suction. In each instance 
the material removed is light and 
will remain more or less suspended 
in air in motion. This article will 
discuss the means employed for 
handling coarser waste material 
such as sawdust and shavings, pow- 
dered coal, wool, cotton, ashes and 
numerous other light materials. 


Dust and coarser waste are often 
produced in the same process, as in 
woodworking shops and similar in- 
dustries, and if the coarser wastes 
are not too large or heavy are han- 
dled together. In some cases it is 


PNEUMATIC HANDLING of 
materials is taken up in this, the 
fourth and last article of a series 
on the use of exhaust systems in 
industrial plants. Previous arti- 
cles have discussed the removal of 


fumes and gases, and the collec- 
tion and separation of dust. This 


article covers the handling of 
heavier materials such as shav- 
ings, wool, jute bagging, and ma. 
terials in pulverized or semi-pul- 
verized form. 
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This collection system is part of the 
pneumatic conveying installation which 
handles hemp, flax and other materials 
at the Brooklyn plant of the American 
Manufacturing Co. : 


necessary to separate them, espe- 
cially at saw mills and when dress- 
ing lumber where the sawdust and 
shavings are removed pneumatically 
and the coarser trimmings by some 
form of flight or belt conveyor. 

The articles relating to the re- 
moval of fumes and dust have been 
closely connected with the ventila- 
tion problem and the health of the 
operatives. However, the handling 
of coarser materials relates more to 
the routine of manufacture, and may 
be applied equally well to conveying 
many types of raw materials into 
and sometimes through the process 
of manufacture, as well as disposing 
of the waste. This feature of pneu- 
matic conveying will also be touched 
upon in the present article. 

In general the handling of coarse 
material in woodworking shops, shoe 
factories, and so on, is accomplished 
in much the same way as the han- 
dling of the finer dust, except that 
special fans must be employed which 
are able to withstand blows from 
knots and splinters thrown from 
planing mills; and also to avoid 
clogging, as would be the case in 
handling long shavings from ex- 
celsior and shingle mills, wool, cot- 
ton and other fibrous products. Fans 
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One method of locating the hood 
or hopper of an exhaust pipe for a 
circular saw. 


are designed with particular refer- 


ence to the material they are to 
handle. This should always be taken 
into consideration, when laying out 
an exhaust or pneumatic conveying 
system. 

Shavings, sawdust, and so on, are 
removed through special hoods sur- 
rounding the cutting tools similar to 
those already described for collect- 
ing fine dust and fumes. An exhaust 
system for a woodworking shop dif- 
fers from the pneumatic sweeper in 
the arrangement of its various 
parts, in that the separator, or col- 
lector as it is called, is generally 
placed on the discharge side of the 
fan instead of on the inlet side. For 
some pneumatic conveying, however, 
the separator is placed ahead of the 
exhaust fan. 

The equipment used in the han- 
dling of waste in woodworking 
shops, with suitable modifications, is 
typical of that employed in other in- 
dustries. Various woodworking ma- 
chines require special forms of hoods 
according to their construction and 
the kind of work done by them. 
Drawings or prints showing the con- 


Inlets to hood exhaust ducts should 
5 Sadus to give a stream-line 
effect. 


struction of the hoods are usually 


furnished by the makers of the ma- 
chines. The construction of several 
types of hoods is shown in accom- 
panying illustrations and the special 
features of each are described in the 
caption. 

In general all hoods should be de- 
signed so as to provide the “stream- 
line” effect and avoid eddy currents 
as much as possible. This calls for 
an easy flare at the entrance, and a 
gradual taper to the exhaust outlet. 
Also, particular attention should be 
given to the design so that the action 
of the cutter or saw will discharge 
the refuse into the hood in the di- 
rection of the fiow of air and so as- 
sist the exhaust rather than retard 
its velocity. 

The starting point in planning a 
system of this kind is at the ma- 
chines and in the absence of more 
definite information from the manu- 
facturer of a particular machine the 
dimensions for the pipe connections 


Two views of the conveying and 
collecting systems at the Arm- 
strong Cork Co. 


The illustration at the left shows a 
complicated arrangement of pipes 
which enable the material to be dis- 
tributed or collected from various 
locations. The illustration at the 
right shows one of nine large siy 
auat arresters for collecting cor 
us ‘ 
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The sawdust is drawn through the 
grating in the hopper, which serves 
as a hood, and sawed-off ends or 
edges fall onto a conveyor. 


given on page 429 may be employed. 


In laying out a simple system of pip- 
ing, as for the exhaust installation 
shown on page 430 it is well to make 
the main as straight and short as 
possible, and to cap the dead end 80 
that it may be easily opened for in- 
spection. Joints in the pipe should 
be lapped to offer no resistance to 
the flow of air nor edge to catch 
materials. The system should in- 
clude as few elbows as possible, with 
the least radius not less than 1% 
times the diameter of the pipe at 
that point. 

In addition to capping the dead 
end, as noted above, clean-out open- 
ings are provided at frequent inter- 
vals for removing obstructions, 


should they occur. When short ver- 
tical runs are necessary the area of 
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the riser may be restricted some- 
what, thus increasing the air veloc- 
ity through this section and so add- 
ing to the lifting power. If the verti- 
cal pipes are comparatively long, 
they are kept the same diameter as 
the horizontal runs and the neces- 
sary lifting power secured by in- 
creasing the velocity throughout the 
entire system. The method of pro- 
portioning the pipe and fan sizes for 
an installation is explained in con- 
nection with the illustration of an 
exhaust system on page 480 and the 
table on page 431. 

Blast gates should be placed in all 
exhaust connections and kept closed 
when the machines to which they 
lead are not in use, as this reduces 
the volume of air handled and pre- 
vents useless power consumption. 
This must not be done to such an 
extent, however, as to reduce the 
quantity of air passing through the 
main to a point where it falls below 
that necessary to carry the waste 
from machines still in use. 

The air velocity through the ex- 
haust ducts, which determines the 
suction, depends upon the kind of 
material to be handled, and usually 
runs about as follows: light shav- 
ings and sawdust, 2,500 to 3,500 ft. 
per min.; chips, bark, and so on, 
3,000 to 5,000 ft. per min.; dust from 
leather and napping machines, 2,000 
to 2,600 ft. per min. 

Although the fans used in differ- 
ent exhaust systems are more or less 
of the same general type, modifica- 


tions are frequently necessary to fit 
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Recommended Diameter 


of Hood Connections 
Types or MACHINE INCHES 
Matcher heads, each 


and cabinet shaper, each 
ead 


Door tenoner ........ 
Sash tenoner ....... 
Door rane sash sticker, “each 
Blind slat sticker. Scie 
Blind rail router. 
Panel raiser, each head. 
Sand drum 39 in. long. 
Sand drum 30 in. long. 
Sand drum 86 in. long. 3 
Sand drum 48 in. long............ A 
Sand drum 60 in. long. 
Belt sander up to 4 in. wide.. 
Belt sander 4 in. to : 19 85 wide 
Belt sander 8 to 121 
Disc sander up to 24 in dia... 
Disc sander 24 in. to 86 in 
Rp e saws and resaws up to 
4 in. dia... 
Rip saws and resaws 14 In. 
to 18 in 
Bip saws and resaws 18 in. 
4 in. sso 
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Band saws up to 1% in. wide 
Bang saws 1% in. to 8 in. 


Band saws 3 in. to 4 in. wide 5 

Band saws 4 in. to 6 in. wide 

Buzz planers, molders, plan- 
ers and all other machines 
having knives of dimen- 


them for the special conditions under 
which they are to operate. For ex- 
ample, an ordinary mill waste, such 
as sawdust, planer chips, and so on, 


is handled by what is known as a 


standard mill exhauster, while long 
shavings from an excelsior mill re- 
quire a special form of blade without 
projections on which the shavings 
may catch. 
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Fans for handling other materials, 
such as cotton, wool, strips of paper, 
jute bagging, excelsior, and so on, 
require still different construction. 
Steel plate casings are commonly 
used for the large sizes and cast- 
iron for the smaller. Where head 
room is limited and the main ex- 
haust pipes come from opposite di- 
rections, it is often better to use two 
fans, which may be driven by one 
motor, as this eliminates elbows and 
the pipes run directly into the fan 
inlets. 

Accurate methods for determining 
the size, speed and power of the fan 
should be used in laying out large 
and important systems. Computa- 
tions of this kind, however, are best 
left to the engineers making a spe- 
cialty of such equipment. Estimates 
for preliminary work, and for small 
layouts and extensions, can be made 
from tables and simple data found in 
the catalogs of most fan manufac- 
turers. The table on page 431 gives 
some of this data. A simple example 
showing how to use it is given in 
the caption accompanying the table. 

It will usually be found from a 
complete table of this kind that the 
work required comes within the 
range of two or three different sizes 
of fans, and that a selection may be 
made between smaller sizes operat- 
ing at a higher speed or a larger fan 
operating at a lower speed. The lat- 
ter often results in a lower operating 
cost and less vibration, although the 
first expense of installation is some- 
what greater. 

It should be remembered that the 
output of the fan which is dependent 
upon the velocity of the air, increases 
as the speed (r. p. m.) but the pres- 
sure increases in proportion to the 
square of the speed and the power 
required increases in proportion to 
its cube. It is well to consider this 
feature if it is at all likely that at 
some future time it will be desired 
to add machines to a line. A slight 
additional capacity in the fan will 
provide for this. To obtain increased 
capacity by operating a fan above 
its rated capacity and speed is pos- 
sible only at the expense of a heavy 
increase in the power required to 
operate the equipment. 

Exhaust fans are belted to the line 


Two types of hoods used on special 
machines. 


The hood at the left is made of 
sheet fron and fits under a band- 
saw table to carry away sawdust. 
he illustration ae the right shows 
double hood to be used in con- 
nection with a planer. The upper 
hood telescopes in a slip joint for 
adjustments and repairs. 
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A diagrammatic sketch of a typical 
woodworking installation. 


Here chips or shavings are drawn 
away from each machine through 
its hood into a main duct which 
discharges directly into the exhaust 
fan and are then blown into the 
cyclone collector. Some of the 
computations used in determining 
the size of fan for this installation 
are discussed in the explanatory 
matter in connection with the table 
on the opposite page. 
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shaft or to individual electric mo- 
tors and, under certain conditions, 
are driven by direct-connected mo- 
tors or engines. The best method 
of driving in any particular case 
depends on local conditions, and any 
of these mentioned should give good 
results wherever it is well adapted. 
The direct-connected unit is very sat- 
isfactory where the required speed 
of fan is not so great, as to require 
the use of special a.c. motors or 
other equipment. 

When handling shavings and sim- 
ilar waste material the exhauster 
discharges into a collector which is 
commonly, known as a cyclone sep- 
arator. This is merely a circular 
chamber which serves to separate 
the air and the finer dust from the 
coarser material and thus prevent 
the strong drafts of air and clouds 
of dust which would result if it were 
not used. This device is simply a 
chamber of conical form in which 
the fan discharges tangentially near 
the top. As the mixture of air and 
fine and coarse material enters the 
chamber the pressure drops, which 
destroys the air velocity, and sep- 
arates the fine dust from the coarser 
waste. The latter falls to the bot- 
tom of the cone, and from here 
passes through an opening to the 
fire room or furnace, while the fine 
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dust passes out of the collector at 
the top with the air. The size and 
proportions of the collector vary 
somewhat with different makes and 
with the character of the material 
to be handled. In general, the inlet 
is made the same size as the dis- 
charge from the exhauster, OF 
slightly larger, and the air outlet of 
such size that the low air velocity 
thus produced will carry but a small 
amount of dust with it. 

The exhauster should be placed 
nearest the heaviest work, but yet 


Installation for handling shavings 
in woodworking plants. 


The illustration at the right shows 
the exhaust connections and hoods 
around woodworking machinery. 
The hood on the planer telescopes 
for adjustment or for repairs to the 
planer. he floor sweep-up at the 
left of the planer, which may be 
cut off by 4 blast cap, facilitates 
removal of sweepings. 
The illustration at the left shows 
in the wood- 


the floor below the machines W t 
individual outlets extending through 
the ceiling. 


conveniently central with regard to 
all of the machines. If, however, 
there are a large number of hoods to 
be taken care of, so that an ex- 
tremely large unit would be re- 
quired, some form of relay system 
is commonly employed. In this case 
the machines are conveniently 
grouped and each section is pro- 
vided with its own fan collector. The 
refuse from the several collectors 
may then be carried to a final col- 
lector by means of a special ex- 
hauster, or the refuse from the first 
collector may be discharged into the 
inlet of the second fan, and so on, 
until the refuse is all relayed to the 
final collector which discharges into 
the fire room. In planing mills it is 
often possible by this means to re- 
duce by one-half the diameter of the 
long discharge duct leading to the 
main collector. 

Exhaust piping is commonly car- 
ried overhead, although in some 
cases it may be more convenient to 
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run it on the ceiling below which, 
however, necessitates cutting 
through the floor for each machine 
While this might not be objection- 
able for permanent installations, it 
has its disadvantages where the 
layout may be shifted frequently. 

The systems described for wood- 
working shops are typical of those 
employed in other, establishments 
where refuse of a similar nature 
must be handled, as in shoe 
factories, grinding and polishing 
processes, and, so on. Differences in 
equipment are principally confined 
to minor details of construction and 
operation, such as type and speed of 
fan, air velocity in ducts, size and 
form of collector, and so on. 

Any material which is light 
enough so that it can be made to 
remain suspended in air for a time, 
may be carried along on an air cur- 
rent of sufficient volume and veloc- 
ity. This has led to many large 
installations of pneumatic convey- 
ors. The materials so handled may 
be divided in general into two 
classes: Those which are either finely 
pulverized or would become pulver- 
ized and give off a dust when han- 
dled, and those which would need to 
be baled or bundled to be handled 
economically. í 


ilar materials and products. 
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A type of floor sweep-up in which 
the slide at the opening serves as 
a blast gate. 


Some of the materials of this first 
class which are handled economically 
by air are: both granulated and pul- 


verized cork, fertilizers, lithopone. 


(both in powdered and lump form), 
ersenic as a byproduct of smelting 
ore, either rock or pulverized phos- 
phate, bauxite, soda ash, white clay, 
powdered coal, and many other sim- 
Many 
of these materials mentioned would 
create a very objectionable and in 
some cases poisonous dust if handled 
by a man with a shovel, or by a grab 


Manufacturer’s Rating Table for 
Determining Capacity and Other 5 of Fans 


I 155 5 8865 8.15] ori 
5 1: 1 


40 1 2 1120 5055 10.65 [121 
-FE eta 12146370 
9 674 611210 7280 


18 | 20011 30 | 17.40 292 
19 | 2251170 $ 0j 15.80 [1208 81380 
J 2501120 3017.90 12125100 


Note: This table is based on 
average conditions for one particu- 
lar type of fan, and takes into ac- 
count the suction required at the 
hoods, the friction loss in the pip- 
ing, and the resistance of the col- 
lector. The first column in the 
table gives the manufacturer’s 
number corresponding to the size 
of the fan; the third column, the 
combined area of all the branches; 
the second column, the required 


diameter of the exhaust main, 


which corresponds to an area of 
25 per cent in excess of that in 
column three. All other quantities 
in the table are clearly indicated. 
In the layout shown in the sketch 


15.20 iets 6820 -18.50 1374 7230 


8835 14. 32 658 
5535 17.00 161 
1566 -6320 19. 36 iesi 


| 22.20 fl4 1 
ins) 21201870 8280 25.30 li 


on the opposite page, the combined 
area of the pipe branches to hoods 
is found to be 147 sq. in. The table 
shows that this corresponds closely 


to a 16-in. main, and may be cared 
for by a Size 35 fan If a velocity 
of 3,500 to 4,000 ft. per min. is re- 
quired to carry the material to be 
handled in this case the speed and 
horsepower required may taken 
with sufficient accuracy from the 
column headed “Suction 3 in., Ve- 
locity 3,880 ft.” The table shows | 
that a Size 35 fan should run at 
1,279 r.p.m. and will require 10.57 
hp. to operate it. This table is 
only a small section of the fan data 
supplied by the manufacturer. 
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bucket, or by any of the other com- 
mon means of handling and convey- 
ing raw material; in some cases it 
would be almost impossible for a 
man to work under the conditions 
created. Air conveying ereates 
practically no dust, as will be ex- 
plained later. 

Materials of the second class 
which would have to be bundled to 
be handled economically are: cotton, 
wool, jute bagging, hair, flax, hemp, 
shoddy, waste paper, tan bark, wood 
or paper pulp, grains and feeds, cof- 
fee and many other products. Al- 
though some of these are shipped 


and handled in bags, bales or bun- 


dles, it is often uneconomical to re- 
handle them loose by the common 
means of conveying particularly such 
materials as cotton, rags, waste 
paper, and so on, when moving be- 
tween machines or processes or in or 
out of storage. It would be very ex- 
pensive to bundle each time and this 
would not always be desirable after 
such operations as picking or clean- 
ing cotton or wool. 

Pneumatic conveying generally is 
done in one of three ways. The 
most common type of pneumatic 
conveyor consists of an inlet, ducts, 
exhauster or blower and a separator. 
This is practically the same equip- 
ment as is required in the methods 

(Please turn to page 454) 
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Cyclone separators such as this 
are used for collecting shavings 
and other materials where it is not 
objectionable to discharge fine dust 
into the atmosphere. 
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Here Are Some 


Practical Pointers on 


Winding D. C. Armatures 


Together With Directions for Taking Data and 


Marking Armatures to Prevent Errors in Rewind - 


ing and in Connecting Leads to Commutator 


By A. C. ROE 


Renewal Parts, Engineering Dept., Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co., 


and 
D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


N THE article in the August 
1 issue directions were given for 

the proper use of the forms 
described and shown in the June and 
July issues, for taking and record- 
ing rewinding data on wave- and 
lap-wound armatures. In addition, 
there were also given some handy 
rules and principles, observance of 
which will help to prevent mistakes 
when rewinding and connecting 
armatures having these types of 
windings. The present article deals 
with the methods of taking rewind- 
ing data and marking the armature 
so as to insure that it will be prop- 
erly rewound and connected. 


IDENTIFICATION MARKINGS FOR CORE 
AND COMMUTATOR 


The first step in taking winding 
data is to note the nameplate rating, 
customer’s name and order number; 
then take the number of bands, 
width, and size of wire, and any 
other dimension data deemed neces- 
sary for rebanding, such as size of 
tin strip under core bands, and of 
the fiber strip on top of the coils to 
prevent the bands from cutting into 
the insulation. Next, remove all 
wire, tape, and core bands, and slot 
wedges, if used. Then count the 
number of slots and bars, record 
these on the data sheet in the proper 
place, and mentally check the num- 
ber of bars against the number of 
slots. 

For example, if a four-pole arma- 
ture has 41 slots and 81 bars, the 
number of bars being one less than 
twice the number of slots, this 
would indicate that a dead coil was 
used, which should be located and 


used for checking the lead throw 
and pitch. On the other hand, if the 
four-pole armature has 41 slots and 
82 bars, an even number, this would 
indicate that a half-idle bar was 
used. These points can be checked 
mentally, while writing down the 
number of bars and slots. Next, 
locate the dead or half-idle coil, or 
if none is used, select any coil and 
mark the teeth on either side of the 
slot that contains the top half of the 
coil with two cross marks. (See 
slot B in Figs. 1 J to 1 XII). Then 
with an odd number of coils per 
cell, (Figs. 1 III and 1 V), or with an 
even number of coils per cell and a 
dead coil (Fig. 1 II and 1 IV) select 
the middle top lead and trace it out 
to the commutator and mark the bar 
to which the lead connects with two 
center-punch dots as shown in 
Fig. 1 IV, bar F. These marks 
should be placed on the front of the 
commutator bar near the V-ring. 
Next determine whether the wind- 
ing is progressive or retrogressive. 
This can be done without knowing 
the lead pitch as follows: Lift the 
top lead from the bar just marked 
and bend it back so that it can easily 
be picked out again without marking 
it, and lift two top leads on either 
side of bar F. Then with one test 
light lead on the top lead that con- 
nected to bar F, touch the other test 
lead to the commutator bar on 
either side of and adjacent to bar F. 
If a light is obtained from the bar 
to the left of bar F, (facing the 
commutator end of the armature), 
the winding is retrogressive, and 
the lead pitch (in bars) will be the 
total number of bars, minus 1, di- 
vided by one-half the number of 
poles. If a light is shown on the 
bar to the right of bar F, the wind- 
ing is progressive, and the lead 
pitch (in bars) will be the total 
number of bars plus 1, divided by 
one-half the number of poles. This 
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WHEN REWINDING arma- 
tures, careful recording of 
winding data and the observ- 
ance of certain rules and 
principles are essential safe- 
guards against costly mis- 
takes. Furthermore, unless 
the winding data are put 
down in some systematic 
manner so that they will be 
easy to understand and use, 
serious confusion may arise 
and result in errors that are 
expensive to rectify. In this 
article, examples are given 
showing how to use the data 
forms which were shown in 
the June and July issues. In 
addition, there are described 
some simple methods of tak- 
ing certain data and marking 
the commutator and core 80 
as to insure that the arma- 
ture will be properly re- 
wound and connected. 


will locate the commutator lead pitch, 
CF. Call bar C No. 1 and add the 
lead pitch in bars. This will give 
the number of bar F. For example, 
take the case of a 33-slot, 65-bar, 
progressive four-pole armature. The 
lead pitch equals (6571) 233. 
Then F equals 1+88, or 34. The 
lead pitch can be checked and also 
located by lifting the top lead from 
bar F and the two adjacent bars on 
either side of bar F, as explained 
above, and holding one test light 
on the top of the lead of bar F, with 
the other test lead on the commu- 
tator about half-way around from 
bar F, for a four-pole machine, one- 
third of the way around for a six- 
pole, one-fourth of the way around 
for an eight-pole, ete. Move this 
test lead back and forth until con- 
tact is made with a bar that lights. 
When a light is obtained, try the bar 
on either side of the one on which 
a light showed up. This will indi- 
cate any shorts, etc., in the commu- 
tator or coil, which would throw the 
lead pitch check off. A light should 
be found on only one bar, and this 
is the bar to which the bottom lead 
connects. Mark this bar with two 
dots, as shown under bar C, Fig. 1 
IV. Next, count the bars between 
C and F, calling bar C, No. 1. If 
bar F is number 35, the lead pitch 
will be one less than the number of 
bar F, or 84, expressed in bars, or 
l-and-85 for laying off coil throw. 
In counting the lead pitch on the 
commutator, care must be taken to 
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count in the right direction, particu- 
larly on four-pole armatures. For a 
left-hand coil, count from the top 
lead bar in a clockwise direction 
around the commutator, and for a 
right-hand coil count in a counter- 
clockwise direction. In both of these 
cases and in all future cases, we will 
assume that we are looking at the 
armature from the commutator end. 

Fig. 2- shows the possibility of 
two lead pitches as mentioned above. 
In Fig. 2, assume that coil A with a 
lead pitch of l-and-9, is the correct 
coil (left-hand). If the lead pitch 
had been counted off in a counter- 
clockwise direction, as indicated by 
the figures in the small circles, we 
would arrive at bar 9, but the count 


Cl. of slot 
CL. of ba, 


2 


CL. S/ 
on mic 


-Dead coi! 


--CL. slot 


ex : i ald 12 


CL Slot 
on mica 


coil 


slots marked with crosses. With 
per cell, two punch marks are used to indi- 
cate bars belonging to one coil. 
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would be l-and-8, as shown by the 
light line marked coil B. This is a 
short pitch which is the winding 
term for a retrogressive winding, 
whereas the proper winding requires 
a long pitch or progressive winding. 

Having located the top and bottom 
lead bars and also the top slots, the 
next step is to locate the slot in 
which the bottom half of the data 
coil lies, or slot A, Figs. 1 I to 
1 XII. In some cases the coil can be 
traced across the back of the arma- 
ture to the bottom slot. In other 
cases it will be necessary to lift up 
enough top coils to be able to trace 
out the coil and locate slot A, which 
should be marked by stamping an X 
on a tooth on either side of the slot, 


All leod, 
throw in 


Fig. 1—Method of recording data for lap- and 
wave-wound armatures. 


The slot holding a bottom coil side of any coil is 
marked with one cross on each tooth, as slot A in 
each diagram. A slot holding a top coil side of 
any coil is 
tooth, as slot B in each diagram. The dots be- 
neath certain bars represent center-punch marks 
to distinguish the bars connected to coils lying in 


marked with two crosses on each 


more than one 
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as shown. Next, take a piece of 
string and line-out with it from the 
center of slot A to the commutator, 
using the center mark in the end of 
the shaft for a point to insure a 
straight line from the slot center. 
Then, if this line falls on a bar, 
mark this bar with one center-punch 
mark, as shown in Figs. 1 Z, 1 III 
and 1 V. If the line-out falls on the 
mica, mark the bars on either side of 
this mica with one center-punch dot, 
as in Figs. 1 II, 1 IV, 1 VI, and 1 IA. 
By marking the bars on a line with 
the bottom slot of the data coil, all 
chance for a wrong lead pitch is 
eliminated, as the marked bar, D, 
locates the coil on the proper side of 
the armature and in the proper rela- 
tion to bars C and F. The distance 
C D is the throw of the bottom lead 
and should be marked as 1-and-12, 
l-and-9, etc., as the case may be. 

The reason for marking the com- 
mutator on a line with the bottom 
half of the coil and not with the top 
half is that the winding data are 
taken in the opposite manner to that 
used in placing the new coils in the 
armature. When winding the arma- 
ture, the first coil has its bottom 
leads put in the proper bar. If a 
dead coil or half-idle bar is used, the 
first coil in should be used to make 
the required type of idle coil. If 
the top slot is used to line-out from, 
the winder would have to put his coil 
in, then line-out and count over to 
bar F, and then back to bar C, but 
with the marking shown in Fig. 1, 
as explained above, the winder first 
locates the marked teeth and puts 
the bottom half of the coil in the 
slot between the teeth marked with 
one cross. He then puts the proper 
lead in the marked bar. In this way 
it is not necessary to line-out and 
count over, as this has been done and 
the bars permanently located with 
the core and commutator markings. 

After locating the main bars and 
slots as already explained, mark the 
bars adjacent to bars C and F with 
one punch mark to indicate the num- 
ber of active coils per slot, and also 
the position of the data coil in rela- 
tion to the other coils in the same 
cell. Figs. 1 VI and 1 IX show how 
to mark the bars for a half-idle bar. 
Two cross marks on one bar indi- 
cate that the long jumper is used, as 
in Fig. 1 IX. 

For other examples of bar and slot 
markings, see Figs. 8, 4, 5 and 6, 
July issue, pages 384, 385 and 336. 
The accompanying table gives the 
coil pitch and long and short lead 
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pitches for the usual numbers of 
slots and bars used on four-pole 
machines. 


METHOD OF CHECKING ‘LEAD PITCH 
FOR WAVE WINDINGS 


In what follows an easy method 
of finding and checking the lead 
pitch of a wave winding will be 
given. As already mentioned, the 
first rule to be memorized is that in 
any wave winding a serie; of coils 
-equal to one-half the number of poles 
will encircle the armature; and this 
series must end either one bar ahead 
of or one bar behind the bar that 
the series started on. This series 
should never end on the same bar it 
started on, for then the winding will 
close on itself the first time around 
the armature. Then, on any four- 
pole machine, with a given number 
of bars we know that a series of 
4—2 = 2, coils, will encircle the com- 
mutator, ending on a bar plus or 
minus one bar from the starting bar. 

For example, assume 55 bars and 
add 1 or subtract 1 from 55. First 
add 1; then 55+1=—56. The leads 
of each coil will span a little more 
than one-half the commutator, or 
562 —28 bars. To check this, call 
any bar No. 1; then add 28 to it 
and 28 again to this answer, or 
14+28+28 57. We have only 55 
bars, but if we continued counting, 
bar 1 would be bar 56 and bar 2 
would be 57. Then from this check, 
if we use a lead pitch of 28, and 
start the series on bar 1 it will end 
on bar 57, or bar 2, which is one 
ahead of the starting point and is 
O. K. Next, subtract 1 from 55, 
which leaves 54. Then 54-2 gives 
a lead pitch of 27 bars, or starting 
on bar 1 and adding 27 and then 27 
again, we arrive at bar 55, which is 
one bar behind the starting point 
and is satisfactory. Thus we find 
that with a given number of bars 
on a four-pole machine, there are 
two possible lead pitches, one long 
and one short. 

Next, suppose we have a six-pole 
armature having 100 bars and wish 
to find the lead pitch in bars. With 
six poles there will be a series of 
6 —2 = 3 coils that must end one bar 
ahead of or behind the start. Then 
adding 1 gives 100+1, or 101, and 
1013 equals 30 2/3 which will not 
work, since the lead pitch must be a 
whole number. Next try subtract- 
ing 1, or 100—1 = 99, and 99--3=33. 
With a lead pitch of 33, adding to 
bar 1, 1+33+33+33 100. By 
starting the series on bar 1 and us- 
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Fig. 2—This diagram shows how 
two lead pitches are possible. 


Assume that coil A is left-handed 
and is the correct coil, having a lead 
pitch of l-and-9, counted in a clock- 
wise direction. If the lead pitch 
were counted in a counter-clockwise 
direction, as shown by the figures 
in the small circles, bar 9 would be 
reached, but the count would be 
l-and-8 as shown by the coil marked 
B. In the latter case the winding 
would be retrogressive, whereas it 
should be progressive. When count- 
ing the lead pitch for a left-hand 
coil, proceed in a clockwise direc- 
tion, from the top lead bar. When 
dealing with a right-hand coil, 
count counter-clockwise. 


ing three coils with a lead pitch of 


33, the series will end on bar 100, 
which is one behind the starting 
point, and will result in a retrogres- 
sive winding. 

A progressive two-circuit winding 
cannot be used with 100 bars, which 
brings out the fact that on a six- 
pole machine and with a given num- 
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ber of bars, only one workable, 
two-circuit lead pitch is obtainable. 
The reason for using the term “two- 
circuit” will be explained later. 
Next, we will try a six-pole, 200- 
bar commutator, and try to deter- 
mine the lead pitch. First try 
minus 1 or 200—1 = 199, and 
199.3 = 66 1/3, which will not 
work. Next, try plus 1, or 200 ＋1 = 
201, and 2013 = 67. Then add to 
bar 1 three times 67, or 14+-67-+67+- 
67 = 202. With 200 bars, No. 202 
will fall on bar 2, which is one ahead 
of the starting bar, No. 1, and will 
give a progressive winding. This 
brings out a condition met with on 
a six-pole machine; that is, doubling 
the number of bars will change the 
winding from retrogressive to pro- 
gressive or vice versa. If we want 
to double the voltage by doubling the 
number of bars, the type of winding 
will be changed, or we can make the 
new number of bars equal to twice 
the old, less one. In the case just 
mentioned (100X2)—1=199 bars. 
and the lead pitch will be (199—1) 
+3 — 66, or 1＋66＋66＋66 = 199, 
which gives a retrogressive winding 
that will require a dead coil. Thus 


Coil and Lead Pitches for the 
Number of Slots and Bars Most Used on Four-Pole Armatures 


Leap Pirca 


No. No. | Com |—————|— —— 
SLoTs | Bars |PiıTtcH | Procres- | IF RETRO- 
BIVE GREBSIVE 

23 115 1— 1-59 1—58 
25 75 1-7 1-39 1-38 
25 125 1-7 1-64 1-63 
27 135 1-8 1-69 1-68 
29 87 18 1-45 1-44 
29 115* | 1-8 1-59 1-58 
29 145 1-8 1-74 1-73 
31 31 18 1-17 1-16 
31 61* 1-8 1-32 1-31 
31 93 1-8 1-48 147 
31 123° | 1-8 1-63 1-62 
31 155 1-8 1-79 1-78 
31 217 1-8 1-110 1-109 
33 65* 1-9 1 34 1-33 
33 99 1-9 1-51 1-50 
33 131° 1--9 1-67 1-66 
33 165 1-9 184 1-83 
35 69* 1-9 1-36 1-35 
35 105 1-9 1-54 1-53 
35 139* 1-9 1-71 1-70 
37 73* | 1-10 1-38 1-37 
37 111 1-10 1-57 1-56 
37 147° 1-10 1-75 1-74 
37 185 1--10 1-94 1-93 
39 77* | 1:10 140 1-39 
39 117 1-10 1-58 1-57 
39 155“ 1-10 1-79 1-78 
39 195 1-10 1-98 1-97 
41 41 1-11 1-22 1-21 
41 81* 1-11 1-42 1-41 
41 123 1-11 1-63 1-62 
41 163 * 1-11 1--83 1-82 
41 205 1-11 1-104 1-103 
45 89 * 1-11 1-46 1-454 
45 135 1-11 1-69 1-68 
45 179® | 1-11 1-91 1-90 
45 225 1-11 1-113 1-112 
45 315 1-11 1-159 1-158 


Indicates one dead coil. 


LEAD Pirca 


No. No. | Coir 
SLors Bars | Pirca | PROGRES- RETRO- 
SIVE GRESBIVE 
47 47 1-11 1-25 1-24 
47 93* 1-11 1-48 1-47 
47 141 1-11 1-72 1-71 
47 187* 1-11 1-95 1-94 
47 329 1-11 1-166 1-165 
49 49 1-12 1-26 1-25 
49 97° | 1-12 1-50 1-49 
49 147 1-12 1-75 1-74 
49 195* 1-12 1-99 1-98 
49 245 1-12 1-124 1-123 
53 53 1-13 1-28 1-27 
53 105* | 1-13 1-54 1-53 
53 159 1-13 1-81 1-80 
53 211° | 1-13 1-107 1-106 
53 265 1-13 1-134 1-133 
95 55 1-13 1-29 1-28 
55 109° | 1-13 1-56 1-55 
55 165 1-13 1-84 1-83 
57 57 1-14 1-30 1-29 
57 113° 1-14 1-58 1-37 
57 171 1-14 1-87 1-86 
sa 59 114 1-31 130 
59 117* 1-14 1-60 1-59 
59 177 1-14 1-90 1-89 
61 61 1-15 132 1-31 
61 121° 1-15 1-62 1-61 
61 183 1-15 1-93 1-92 
65 129° | 1-17 1-66 1-65 
65 194 1-17 1-99 1-98 
69 207 1--17 1-105 1-104 
71 71 117 1-37 1-36 
71 141* 1-17 1-72 1-71 
71 213 1-17 1-108 1-107 
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on six-pole machines and with a 
given number of bars, only one, two- 
circuit winding pitch is possible, and 
the progressiveness depends upon 
the number of bars. 

Next, consider an eight-pole wave 
winding, which will have a series of 
82 = 4, coils, encircling the com- 
mutator, plus or minus one bar from 
the start. With 199 bars the lead 
pitch will be (199+1)—4=—50, or 
l-and-51. For a check, add four 
times the lead pitch in bars (50) to 
bar No. 1. Then, 1+50-+50-+50--50 
= 201, or bar No. 2, which is one 
ahead of the starting bar and results 
in a progressive winding. A retro- 
gressive winding is not possible, 
since (199—1)—4—49%. By us- 
ing a half-idle bar, 200 bars and 100 
slots could be used. 

Now try 398 bars, or (398—1) 
4 = 994, which will not work. Next 
try 398+1; then 3899-4=— 99% 
which will not wind, either. With 
100 slots there would have to be 399 
bars, or (399-+1)—4=100, or a 
pitch of I-and-101, giving a progres- 
sive winding which would require a 
dead coil; or 400 bars and a half- 
idle bar could be used. 

The above points are brought up 
since they are important when con- 
sidering a voltage increase with 
double the number of bars. 

The following rules pertain to 
wave windings with reference to the 
relation of the coil pitch, coils per 
cell, lead pitch, and their effect on 
the line-out. 


(1) On four-pole machines, when an 
odd number of slots is used with an 
even number of coils per cell, there will 
always be either a dead coil and one 
bar less than twice the number of slots, 
or there will be twice as many bars as 
slots and a half-idle bar. With an even 
number of slots and an even number 
of coils per cell, the above rule will also 


apply. 

(2) With an odd number of slots 
and an odd number of coils per cell, 
the resultant number of bars will wind 
without the use of a dead coil or a half- 
idle bar. 


CL. or corlon 
CL. of sor - 


Cl of cou. 
on mica 


C. IL. OF co.. 
on bar 


Coil layout for wave winding A 
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Rules That Govern Relation of 
Coil Pitch, Coils per Cell and Lead Pitch in Wave Windings 


(1) On four-pole machines, when 
an odd number of slots is used 
with an even number of coils per 
cell, there will always be either a 
dead coil and one bar less than 
twice the number of slots, or there 
will be twice as many bars as slots 
and a half-idle bar. With an even 
number of slots and an even num- 
ber of coils per cell, the above rule 
will also apply. 

(2) With an odd number of slots 
and an odd number of coils per cell, 
the resultant number of bars will 
wind without the use of a dead coil 
or a half-idle bar. 

(3) For six poles, with an odd 
number of slots and an even num- 
ber of coils per cell, or with an 
even number of slots and an odd 


(3) For six poles, with an odd num- 
ber of slots and an even number of coils 
per cell, or with an even number of 
slots and an odd number of coils per 
cell, a dead coil or a half-idle bar will 
have to be used. When the resultant 
number of bars can be divided by 3 
without a remainder, the winding will 
be progressive. When the number of 
bars is not divisible by 3, but the —1 
sign will reduce the bars to a number 
divisible by 3 without a remainder, the 
winding will be retrogressive and will 
not require a dead coil or half-idle bar 
to make it wind. 

(4) With eight poles, the number of 
bars plus or minus 1, with or without a 
dead coil or half-idle bar, divided by 4, 
should result in a whole number. This 
is the deciding factor on eight poles 
and above. 


The following rules are used in 
conjunction with Fig. 3A. The lead 
and coil pitches should be expressed 
in bars and slots; that is, 55, 7, etc., 
and not l-and-56 or 1l-and-8, etc. 

(1) The center line of the coil will 


fall on a tooth and bar when the coils 
per cell are odd, coil pitch odd, and 


Fig. 3—The location of the commu- 
tator, core and coils with respect to 
each other may be determined from 
these diagrams, as explained in the 
text. 


C. L. OF coil on 7 
Cor sor -r, 


head to 
off 
—CL.of col NG 
on mic 
. C. L. or co. 
on bar 


Coil layout for wave winding 
having half idle bar 


number of coils per cell, a dead 
coil or a half-idle bar will have to 
be used. When the resultant num- 
ber of bars can be divided by 3 
without a remainder, the winding 
will be progressive. When the 
number of bars is not divisible by 
3, but the —1 sign will reduce the 
bars to a number divisible by 3 
without a remainder, the winding 
will be retrogressive and will not 
require a dead coil or half-idle bar 
to make it wind. 

(4) With eight poles, the number 
of bars plus or minus 1, with or 
without a dead coil or half-idle bar, 
divided by 4, should result in a 
whole number. This is the decid- 
ing factor on windings of motors 
having eight or more poles. 


lead pitch even, all three being consid- 
ered together; or with coils per cell 
even, coil pitch odd and lead pitch odd. 

(2) The center line of the coi] will 
fall on a tooth and mica, with coils per 
cell odd, coil pitch odd and lead pitch 
odd, or with coils per cell even, coil 
pitch odd and lead pitch even. 

(3) The center line of the -coil will 
fall on a slot and bar with coils per 
cell odd, coil pitch even and lead pitch 
even, or with coils per cell even, coil 
pitch even and lead pitch odd. 

(4) The center line of the coil will 
fall on a slot and mica with coils per 
cell odd, coil pitch even and lead pitch 
odd, or with coils per cell even. 


The location of slots D, E, F, Fig. 
8A, is found as explained for Fig. 2, 
August issue, page 381. 

The method of locating bars M, N, 
P, and S (Fig.-38A), is found as ex- 
plained for Fig. 2, August issue, 
page 381. 

The method of locating bars M, 
N, P, and S (Fig. 34,) is explained 
in the following rules: 


(1) In all cases where the center line 
of the coil falls on a bar, the number 
of bar S is equal to the lead pitch (in 
bars) plus one more than the active 
coils per cell in the bottom of slot A, 
divided by two. Note that the term 
“active coils per cell” is used. This 
means that when there are four coils 
per cell, and a dead coil is used, there 
will be three active coils per cell in the 
data coil. The rules for a half-idle bar 
will be given later. 

In the shape of a formula, the above 
rule becomes I (lead pitch) ++ (active 
coils per cell+-1)]--2. For example, 
consider a four-pole machine with a coil 
pitch of 1-and-13, or 12, and a lead pitch 
of 1-and-75, or 74, three coils per cell, 
49 slots and 147 bars with no dead coil. 
With the number of coils per cell odd, 
coil pitch even and lead pitch even, the 
center line of the coil will fall on 
slot F and bar S. Slot F equals 
(1292) 2 7. Bar S equals (7443 


21) 28278 2—39, and bar P then 


equals 75. 
(Please turn to page 458) 
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II IS a good plan to go 
over the plant now, 
while the weather is nice, 
and see that all outdoor 
equipment is in good con- 
dition for the winter. If 
metal work such as crane tracks, transformer cases, 
and the like, is to be painted, it is particularly impor- 
tant that this be done in warm, dry weather, in order 
that the paint may have an opportunity to dry properly. 
Yard circuits, comprising power, telephone, fire alarm 
and other lines should be inspected to see that the 
wires are not sagging unduly and that the poles or 
other supports, insulators and so on are in good shape. 
Ice or sleet and strong winds put a heavy load on wires 
and their supports, and trouble may be avoided later 
by taking care of them now. 

It is likewise advisable to go carefully over all water, 
steam, gas, air and other lines and see that any needed 
repair work, such as stopping leaks and replacing dam- 
aged coverings, is done. 

Plant buildings should come in for their share of 
attention, in the way of replacing cracked or broken 
window panes or skylights, painting fire escapes and 
other metal work, pointing up the brickwork, and so on. 

Outside installation or maintenance work of any sort 
can be done now in much greater comfort and just as 
cheaply, if not more so, than later on. 


Now Is the 


Time to Clean Up 
Outside Work 


i 


HE first manifestation 

of operating trouble 
on electrical equipment is 
usually in the form of a 
“ground,” that is a weak- 
ening or failure of some 
part of the insulation of a conductor. 

When one side of the line is grounded it throws an 
additional potential strain on the other side, which 
before long will result in a short-circuit with its ensu- 
ing damage to equipment and delay to production. A 
series motor having a grounded field coil will, under 
certain conditions of overhauling load, generate a volt- 
age considerably in excess of the operating voltage, 


Do You Have 
Trouble Getting 


Rid of Grounds? 
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thus endangering the insulation on all nearby equip- 
ment. Consequently, the maintenance force should be 
constantly watching for grounds and upon their ap- 
pearance should quickly locate and clear them. The 
frequency with which grounds occur and the quickness 
with which they are cleared may be taken as true 
indices of the operating conditions and character of 
maintenance observed in the plant. 

Some operators occasionally ring out the apparatus 
with a magneto, and let it go at that. Others use a 
system of lights connected to the bus; while some use 
a voltmeter which can be plugged between either line 
and ground. All of these systems have one fault; they 
depend upon someone focusing his attention on them 
at the particular time that a ground appears—no auto- 
matic record is taken of the appearance of the ground. 
Since many grounds come and go, it is indeed quite a 
coincidence when a ground is discovered on its first 
appearance. 

In an article on page 415 of this issue a graphic 
ground detector is described, which automatically makes 
a record of all grounds. A system of using the ground 
detectors so that responsibility for the location and 
clearing of grounds is definitely fixed, insures prompt 
removal of this trouble. R. H. Bahney, author of 
the article, reports that since he installed this system 
he has been able to reduce the delays on direct-current 
equipment by 26 per cent. Surely that is sufficient to 
warrant the investigation of this subject by everyone 
responsible for the maintenance of electrical equipment 
in industrial works. ; 


— — 


N executive who is 
proud of the smooth- 

ly - running organization 
which he has built up, re- 
cently decided to take a va- 
cation, for the first time in 
several years. In order to make sure that the work 
of his department would be handled satisfactorily in 


Let Your Men 


Assume Some 
Responsibilities 


his absence, he purposely kept away from the plant for. 


a day or two, on several different occasions. The re- 
sults of this test were both surprising and disappoint- 
ing to him. 

In his endeavor to keep mistakes down ‘as low as 
possible, he had reserved for himself the right to make 
practically all decisions and oversee all of the details 
of the work of his department. As a result, his men 
were not used to assuming any responsibility. They 
did not know how, or were afraid, to make decisions. 
In consequence, when he was not there, the work of 
the department almost stopped. 

Such conditions are harmful from every point of 
view, in any organization. Even if the work is largely 
routine in character the executive in charge is kept 
closer to his work than is either necessary or good for 
him, and the men under him are not being given the 
training and opportunity to develop that is theirs by 
right. A department or plant cannot operate at its 
highest efficiency unless the men are trained to be re- 
sourceful: to assume responsibilities and discharge 
them. 

This is particularly true of operating and mainte- 
nance organizations. The men in these organizations 
may be called upon, without a moment’s warning, to 
handle almost any kind of emergency in which clear 
thinking and prompt action may be worth thousands 


= a 
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of dollars. Failures and breakdowns wait for no one, 
and unless the men have been properly trained to rely 
on their knowledge and experience and use their own 
judgment, an apparently efficient organization may, in 
the absence of the chief, fail miserably just when its 
services are needed the most. 

One of the marks of a good executive is the ability 
to train men to take responsibility and fit themselves 
for the jobs higher up. An honest answer to the ques- 
tion, “How well do your men handle their jobs when 
you are not there to direct them?” may show you 
where some reforms are needed in your methods of 
organizing a department. 

| 

T SEEMS strange that 
firms will buy expen- 
sive machinery and then 
neglect to take that care of 
it which could be obtained 
for a few dollars. This 
applies particularly to that great class of machines that 
is operated seasonally or on special orders and then 
stands idle for a considerable period, collecting dust. 
All of this foreign matter must be wiped off before the 
machine can be put in good operating condition again. 
In case this is not done the moving parts start up under 
severe friction loads; often injurious matter is ground 
into the bearings and may cause considerable damage. 

Many plant executives go part of the way, although 
only part, in this matter of protecting machinery. They 
allow the operators or helpers time to clean up the ma- 
chine after the last run. Then the machines will be 
allowed to stand unprotected until the time comes to 
run them again. That means that they have to be gone 
over and coaxed into the same running freedom in 
which they were when stopped. This may often take 
nearly as much time as did the original cleaning. 

If covers are provided for machines, they can be 
protected as soon as they are cleaned. When needed 
again, they are instantly available. One print shop in 
a small town has a five-month period of idleness for 
their “big press” which cost them over $20,000. This 
concern has its maintenance so well directed that after 
a helper spends two days in cleaning this press from 
its last run, a slip cover is put over it until the next 
season opens up. 

Canvas or muslin or any fairly closely woven cloth 
will serve as cover material. Various remnants and 
odd lots of materials, such as surplus government tar- 
paulins, that will make good covers, often can be bought 
theaply. Covers do not need to fit around a machine, 
although that is an advantage. A substitute for the 
fitted cover is a single piece large enough to throw over 
and drape down the sides or, still better, to be tied 
around with a cord. 

Clean machinery has a higher value than dirty; it 
adds greatly to the appearance and morale of a plant. 
The cost of protecting equipment and keeping it clean 
is trifling, and will be more than repaid in lessened de- 
preciation. 

Much has been done to popularize “life extension“ 
and yet the same men who are practicing this for them- 
selves sometimes do not think of applying the same 
‘policy to valuable machinery in their plant. This is a 
phase of maintenance that will bear increasing atten- 
tion, with the returns in direct proportion to it. 


Covers for Idle 


Machines Are a 
Good Investment 


TRIAL 


plication of power to the motor 
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NLY too often in in- 
dustrial plants is 
lighting thought of as 
something to be seen and 
not looked after. Many of 
us know the shortening of 
life that results when overvoltage is applied to lamps 
and everyone will agree that clean reflectors will result 
in more illumination than dirty ones. Clean reflecting 
units and correct voltage are two things that must be 
systematically obtained if efficient lighting is desired. 
There is another factor, however, that wil] result in 
longer lamp life and Saving in energy consumed. We 
refer to the economy of turning out electric lights 
when not needed. The importance of this is frequently 
not realized. It is a needless expense which runs up 
lighting costs considerably in a plant of any size, 

In a case recently brought to our attention it was 
found that 35 per cent of the larger lamps were left 
burning when not needed. After a little educational 
work only about 5 per cent of the lamps were left 
burning in the daytime. This educational work can 
be confined to telling everyone to turn out lights when 
not needed or, better, the job can be delegated to cer- 
tain individuals in each department. 

In the case just mentioned the saving was estimated 
at 1,440 kw.-hr. per day, or an annual saving of $5,400, 
which was well worth considering. 


Why Burn 
Lights 


In the Daytime? 


— 


A RECENT incident in 
a large plant brings 
home the importance. of 
maintaining the spare 
equipment as well as the 
equipment in service. 

In this plant one of the drives requires a direct-cur- 
rent motor of several thousand horsepower and since 
the drive is of the utmost importance to continuous 
plant operation it was thought advisable to purchase a 
spare armature for the motor. This was done and the 
Spare armature was covered with paper, placed in the 
motor room, and left to take care of itself. 

One day the regular armature for this motor failed, 
with a large shower of fireworks. Investigation showed 
that the best thing to do was to rewind the armature. 
Inasmuch as the production of the entire plant de- 
pended more or less on this one drive, all haste was 
made in changing the large armatures. All of the men 
involved congratulated themselves that they had a spare 
armature to replace the damaged one, for rewinding 
this large armature was a matter of a week or more. 
Much to their surprise, however, shortly after the ap- 
the spare armature 
Shorted and grounded in several places. So now in- 
stead of having one armature to rewind, they have two, 
and meanwhile the drive is not in production. 

This example illustrates only too well the need of 
maintaining and testing the spare equipment just as 
carefully as the equipment that is in service. In fact 
operating conditions in many cases are not so hard on 
the electrical equipment as Standing idle is. Warm 
motors, such as those in operation, do not collect mois- 
ture, while idle, cold machines do. Spare armatures 
and other electrical equipment having insulation should 
be cleaned, painted, and tested just as often and just 
as thoroughly as the regular equipment. 


Test and 


Maintain Spare 


Equipment Also 
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Twentieth Annual 
Convention of 


Association of 
Iron and Steel 
Electrical 
Engineers 


To Be Held in Connec- 
tion With the Annual 
Iron and Steel Exposition 
at Philadelphia, Pa., Sep- 
tember 14 to 19, 1925 


NUSUAL efforts have been put 
forth by President Cummins, 
Business Manager Kelly and the vari- 
ous committees in charge, to make the 
1925 Convention of the Association of 


Iron and Steel Electrical Engineers. 


better and more interesting than ever 
before. 

President Cummins of the Associa- 
tion of Iron and Steel Electrical Engi- 
neers extends in the accompanying let- 
ter a most cordial invitation to the 
readers of INDUSTRIAL ENGINEER to at- 
tend this convention which will be held 
at the Philadelphia Commercial 
Museum, Philadelphia, Pa., Sept. 14 to 
19, 1925. The annual Iron and Steel 
Exposition, at which a large number 
of manufacturers exhibit the latest de- 
velopments in equipment used in the 
iron and steel industry, will be held in 
connection with the convention. 

There will be a slight change in the 
usual order of procedure at this con- 
vention. Heretofore it has been the 
custom to hold the business meeting on 
Monday. This year the program will 
start at 12:30 p. m., Monday, in with an 
informal luncheon, at which time every- 
one who is attending the convention 
is expected to be present. This luncheon 
will be held at the Benjamin Frank- 
lin Hotel. Meetings on the other days 
will be held at the Philadelphia Com- 
mercial Museum, which will also house 
the annual Iron and Steel Exposition. 

Technical sessions of the Convention 
of the Association of Iron and Steel 
Electrical Engineers are scheduled for 
Monday, Tuesday, Wednesday, Thurs- 
day and Friday, Sept. 14 to 19. The 
subjects that will be discussed at these 
sessions are as follows: 


MONDAY NOON—SAFPETY DIVISION 
12:30 p. m.— The first session of the Conven- 
tion will be devoted to the Safety Division, 
starting with a luncheon at 12:30 at the 
Benjamin Franklin Hotel. 
1:30 p. m.—Introdaction by A. C. Cummins, 
President, A. I. & S. E. E. 
Remarks by L. H. Burnett, Asst. to Pres., 
Carnegie Steel Co., Pittsburgh, Pa. 
Remarks by Henry Renninger, Asst. to Pres., 
Lehigh Portland Cement Co., Allentown, Pa. 
How the Electrical Engineer and the Safety 
Engineer Can Be Mutually Helpful, by John 


. 9:30 a. m.—The Selection 
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TO THE READERS 
OF INDUSTRIAL ENGINEER. 


Pittsburgh Pa. 
September First, 
19256 


On behalf of the Board of Directors of the 
Association of Iron and Steel Eleotrioal Engineers, I am 
extending to you an invitation to attend our Twentieth Annual 
Convention and Exposition, to be held at the Philadelphia 
Commercial Museum, at Philadelphia Pa.,September lùth to 19th, 


1925. 


Our Association's activities for the past 


nineteen years have been directed solely towards the advance- 
ment of the applioation of Electricity to the Iron and Steel 


Industry and today. we oan safely olaim that at least 55% 
Provided the trend of the 


Industry has been eleotrified. 


of our 


times is any indioation it will require about ten years to 
completely eleotrify the Iron and Steel Industry. 


Your oo-operation and interest is earnestly 
solicited in joining with us at our Convention, helping us, 


advisin 


@leotrification. 


us, vetter ways, better methods,to bring about oomplets 


Your assistanos will be appreciated and your 


at tendanoe at our technioal sessions will be weloomed. 


You 


are also invited to visit our Iron and Steel Exposition, being 
held at the Philadelphia Commercial Musew. 


Assuring you that our membership will be glad 
to provide for your oomvenisnces and comfort while their guests 
at their Convention,dvelieve us to be, 


Yours very truly, 


A. Oartel, Chief of Safety Bureau, Carnegie 
Steel Co., Pittsburgh, Pa. 


TUESDAY MORNING 


and Maintenance of 
Oil Circuit Breakers, by George A. Burnham, 
Condit Electrical Mfg. Co., Boston, Mass. 


11:00 n. m.—The Selection and Maintenance of 
Oil Cireuit Breakers, by M. J. Wohlgemuth, 
Switchboard Engr., and E. K. Reed, Circuit 
Breaker Engr., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


1:00 p. m.—Discussion of papers delivered in 
the morning session. 


WEDNESDAY 


9:30 a. m.—Direct Current Armature Windings 
for Multipolar Generators and Motors—Frog 
Leg Windings, by W. A. Powell and G. M. 
Albrecht, Engrg. Dept., Allis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


THURSDAY 


9:30 a. m.—Electric Heat Treating Furnace Ap- 
plications, by E. A. Hurme, Manager Steel 
Mill Division, Westinghouse Electric & Mfg. 
Co., Eugt Pittsburgh, Pa. 


Electric Melting Furnaces, 
Industrial Engr., General 
Schenectady, N. Y 


Report of Electrically Heated Soaking Pit, in 
operation at the Donner Steel : 


FRIDAY 


9:30 a. m.—Auxiliaries and Auxiliary Drives 
for Steam Electric Generating Stations, by A. 
L. Penniman, Jr., and F. W. Quarles, Con- 
solidated Gas, Eleetrie Light and Power Co. of 
Baltimore, Baltimore, Md. 


11:00 a. m.—Extending the Heat Cycle in 
Boiler Operation by the Use of Preheated 
Air for Combustion, by J. G. Worker, Vice- 
Pres., American Engineering Co., Philadel- 
phia, Pa. 


by J. 
Electric 


A. Seede, 
Co., 


It will be noted that the papers to 
be given at these sessions cover a num- 
ber of subjects which are of unusual 
interest. In addition to the program 
given above, arrangements have been 
made for inspection trips to a number 
of steel plants and large industrial 
works, including the South Philadel- 
phia Works of the Westinghouse Elec- 
tric and Manufacturing Co. 

Industrial plant men can find no bet- 
ter way to aid in the growth and ad- 
vancement of their professions than by 
attending and co-operating in the gath- 
erings of their fellow workers when 
thev meet to discuss the problems that 
confront them all. Such meetings not 
only aid in the progress of the pro- 
fession, but also help those who attend 
and co-operate to broaden their vision 
and widen their experience. 

In addition, an unusual opportunity 
is afforded at such meetings to make 
acquaintances and friends with whom 
an exchange of experiences and co-op- 
eration in the solution of new problems 
as they come up will be mutually 
profitable. It does every engineer good 
to get away from the plant for a while 
and have an opportunity to meet and 
hear others express their opinions on 
problems that are of common interest. 
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Who Can Answe 
These? 


Will Flexible Couplings Reduce Gear 
Shock on Motorst—I would like to 
obtain the views of some of our read- 
ers on the value of a flexible coupling 
in preventing the shock and vibration 
of gears from reaching the motor 
armature and commutator. We have 
encountered some trouble from vibra- 
tion and gear shock affecting com- 
mutators and I am wondering if flex- 
ible couplings between the motor and 
the gear drive would help me in elim- 
inating this trouble. 
Omaha, Neb. M. P. 


Simple Device for Winding Small Arma- 
tures—I should like to know if any of 
our readers can tell me how to con- 
struct a simple machine that can be 
made in the shop and used for re- 
winding small armatures of the fan 
and vacuum cleaner types. I should 
also like to know what other equip- 
ment is necessary for the rapid han- 
dling of this kind of work. inding 


— 
1 a 
N 


these armatures by hand is too tire- 


some and slow, and we do not have 
enough of this work to warrant the 
purchase of an expensive winding ma- 
chine. 

Brooklyn, N. Y. G. A. L. 


Transformer for Burning Out Grounds 
in Condult.—I shall appreciate it if 
some reader will give me data and 
directions for making a transformer 
for burning out grounds in conduit. If 
there is any choice in the matter I can 
operate this transformer on either 110 
or 440 volts, 60 cycles. 

Monroe, Mich. C. J. H. 
e s s E 


Treating Windows to Prevent Glare.—I 
would like to obtain the experience of 
other readers in treating windows to 
prevent glare from the sun. particu- 
larly on western exposures during the 
late afternoon. At times this is almost 
unbearable in parts of our shop. What 
treatments, if any, have other readers 
found satisfactory; or would it be bet- 


ter to use shades and, if so, what 
kind? 
Des Moines, Iowa. D. J. C. 


How to Determine Horsepower of a 
Shaft or Clutch.—Manufacturers of 
couplings, clutches and other trans- 
mission equipment rate their equip- 
ment in orsepower per 100 r.p.m. 
Thus a device that will transmit 
10 hp. at 100 r.p.m would transmit 
25 hp. at 250 r.p.m. I understand 
clearly that the horsepower per r.p.m. 
is the same in both cases. However, it 
seems to me that the shock to both 
clutch and lineshaft caused by operat- 
ing a clutch at 250 r.p.m. would be so 
much greater than at 100 r.p.m. that a 
heavier clutch would be required. 

I should like to get the opinions of 
readers on this point. In particular I 
should like to know what allowances, 
if any, they make for clutches and 
other power transmission equipment 
1 at speeds higher than 


r. p. m 
Grand Rapids, Mich. E. E. H. 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 


Why Does One Brush Arc on This Com- 
mutatort—I have been testing some 
series-wound motors rated at 1/60 hp. 
These run 1,600 r.p.m. under load and 
take about 0.4 amp. Speed is governed 
by a three-ball friction goverkor. 
With the governor released, the speed 
is 7,000 r.p.m., at no load. The motor 
is connected in series with 180 ohms 
resistance across a 110-volt a.c. line. 
thereby impressing about 38 volts 
across the armature. 

We have considerable trouble with 
the brushes arcing and cutting the 
commutator. This makes the speed 
very irregular; so we are trying to 
improve the commutation. Offsetting 
the brushes so that they do not track 
increases the trouble. One brush will 
arc badly, while the other does not 
and leaves a very little carbon deposit 
on the commutator. 

The commutator has 36 segments 
and is 1% in. in diameter. We have 
used several grades of brushes, but the 
best lasted only 368 hr. If anyone can 
explain this trouble or help me im- 
prove the commutation, I shall appre- 
ciate it. 
Camden, N. J. L. G. J. 


* s s 0 


Size of Motor Redulred to Operate Draw- 
bridge—I wish to know how to deter- 
mine the size and speed of motor re- 
quired to operate a drawbridge that 
is now operated by a steam engine. 
The diagram shows the general layout 
of the bridge. It weighs about 140.000 
lb. and travels 70 ft. in 45 seconds. 
It is supported on four steel wheels 
30 in. in diameter with a 12-in. face. 
running on steel ralls. The bridge is 
pulled back and forth by a steel cable 
running on a drum which is driven by 
the engine through a gear reduction> 
this could be changed to a worm gear 


Tus cabie 
direct to 


Bridge weighs 
40000 Ib i. 


O Cable 


if necessary. The speed of the engine 
is 420 r.p.m. while the drum turns at 
10 r.p.m. I do not know the horse- 
power of the engine, nor is it equipped 
to take an indicator card, but the fol- 
lowing data may help: Duplex engine 
(both cylinders receive same pres- 
sure); steam pressure, 50 lbs. per sq. 
in.; cylinders 8 in diameter by 10-in. 
stroke; speed 420 r.p.m.; non-condens- 


ing. 

It will be necessary to use a two- 
phase, 60-cycle, 550- or 2,200-volt 
motor. I shall be very grateful for 
any help readers can give me. 
Quebec, Que., Can. W. S. B. 


you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


Answers Received 
To Questions Asked 


Strength of Brick Walls—We can find 
very little test data on the strength of 
brick walls with respect to forces act- 
ing against the wall horizontally and 
at right angles to the plane of the 
wall. If any readers have pulled down 
old brick walls they may be able to 
give me some data regarding the force 
required. 

Suppose we have a brick wall three 
courses thick, 86 ft. high and 60 ft. 
long, with no Openings and supported 
at each end by being tied to side walls 
of the same height and thickness. As- 
sume that this wall has been standing 
for over a year and was constructed 
of No. 1 red brick and good mortar, 
well laid, with header courses placed 
in the standard manner, 

What would be the approximate 
force required to bull this wall down, 
5 8 force Nr be applied at a 
Way between the sndat R 
Bowmanville, Ont., Can. L. J. C. 
In the June issue, L. J. C. expresses 

a desire to know what force would be 
required to pull down a brick wall 13 
in. thick, 36 ft. high, and 60 ft. long, 
which is bonded into side walls. The 
force is to be applied at the middle of 
its length and height; that is, at its 
center. 

1 do not believe that the wall de- 
seribed can be pulled down by a force 
applied at its center. It seems to me 
that a portion surrounding the point 
of application of the force will be 
pulled out, due to failure of the mortar 
joints by a combination of shear and 
tension. And whether the brickwork 
above the hole will fall will depend on 
the size of the hole and the corbelling 
action of the brickwork. 

As L. J. C. says, there are little data 
on the strength of walls subject to 
such action as he describes. While nu- 
merous walls have been pulled down, 
few men concern themselves with the 
precise magnitude of the forces in- 
volved. There are abundant data con- 
cerning the design, and behavior of re- 
taining-walls, which are subject to load- 
ing over the whole area (the resultant 
pressure being assumed to act at one- 
third of its height, as on dams), but 
the forces on a retaining-wall differ 
vastly from those existing in this case. 


One could, of course, assume strength 


values of the brickwork in shear and 


tension, and reach a conclusion that 
might be a guide to the strength of 
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the wall, but the result would be only 
a rough approximation. 

Assuming that a “washer” were used 
to transfer the pull of. the chain, or 
cable, to the wall, we would have for 
consideration a slab with a load concen- 
trated at its center. A formula for the 
strength of square flat plates, loaded 


at the center and supported on the . 
four edges is W = 67 8 X 8; in 
which W = load in lb., S = fiber 


stress, and t = thickness of plate. As- 
suming a “fiber stress” of 150 lb. per 
sq. in., the value of W for this ex- 
ample is, 0.67 * 150 X 13° = 17,000 
lb., approximately. 

I would not presume, however, that 
the foregoing is within hailing distance 
of the correct solution. So many un- 
known factors are involved that a cor- 
rect solution could not be hoped for. 
Were the wall free at the ends, and 
narrow enough to insure its movement 
as a unit, an approximate solution 
might be derived from à consideration 
of the forces producing stability. Even 
then large errors may arise from ignor- 
ance of just at what point above the 
base the wall will turn over; this point 
because of varying bon 
strength of the mortar, anywhere up 


to about a sixth of the height. 
Aug. 20, 


the strength of thin walls loaded on 


the top and subjected to & viorizon 
k ; The 


brick wall 4% in. thick (one course), 
3 ft. 6 in. wide, and 8 ft. 6 in. high, 
laid up in 3 to 1 cement mortar. A ver- 
tical load of 1 ton per lin. ft. was ap- 


plied to the top of the wall with a 
The wal 


lb. applied at the middle of its height; 
the “fiber stress” was 161 lb. per sd. In. 
Los Angeles, calif. C. O. SANDSTROM. 

* * * * 


How Does This Motor Startf—I have a 
motor made by the General Electric 


p., 110 volts. 
not say whether the motor is single 
phase, but as there are only two leads 
coming out of the machine, I think 


and no split winding for starting the 
motor. The winding in the stator 18 
similar to a chain winding. The arma- 
ture has 36 slots, two of which are 
empty. The empty slots are spaced 
seven slots apart. Can some reader 
tell me how this motor is started from 
a single-phase power supply? 
Oakland, Cal. N. N. 
Referring to N. N's question in à 
late issue, the Type IS motor is a 
single-phase motor which requires à re- 
sistance-reactance starter. Such 2 
starter provides the phase-splitting ef- 
fect necessary for starting the motor. 
The resistance-reactance is cut out 
when the motor is brought up to speed. 
If possible such a motor should always 
be started light; that is it should be 
started up disconnected from the load 
and the load applied after the motor is 
up to speed. A suitable starter known 
as the CR-1027 can be obtained from 
the manufacturer. R. F. EMERSON. 
Industrial Engineering Dept., 


General Flectric Co., 
Schenectady, N. 


INDUSTRIAL ENGINEER, 


Contactors Will Not Close on Low Volt- 
age We are naving trouble with the 
contactors failing to close due to low 
voltage on one of our automatic con- 
trol panels. The panel is fed from a 
220-volt supply, but when the voltage 
drops considerably the operating coils 
of the contactors are not 
enough to close them, thereby leaving 
an open magnetic circuit which causes 
the coil to roast out. t is rather dif- 
ficult to provide the correct voltage at 

this panel all of the time. 
reader suggest something that I might 
do to the contactor coil that would 
enable it to take care of the low volt- 
age condition? 
Omaha, Neb. 


"Referring to M. P.'s inquiry in the 
August issue of INDUSTRIAL ENGINEER, 
the coils for contactors are designed to 
operate at low and high voltage limits. 


voltage, but the per cent varies de- 
pending upon the nature of the service 
and the kind and make of controller. 
M. P. does not state whether the sup- 
ply line is a.c. or d.c., although from 
his account of the trouble it appears 
ta be a.c. On some d.c. controllers 
where a protecting resistance is cut in, 
in series with the coil when the con- 
tactor closes, & voltage 30 per cent 
below normal rated voltage will close 
the contactors. On some a. c. control- 
lers a voltage 20 to 25 per cent below 
normal rated voltage is used for test- 
out. 
If M. P.’s controllers operate on d.c., 
I suggest that he write to the manu- 
facturer giving complete nameplate 
data and the lowest voltage at 1 
e 


the switch and the armature lever by 
1/64 to 1/32 in., by preventing the 
armature lever from dropping back the 
full amount. This, of 


worn down to compensate for the read- 
justment. Since he does not give any 
voltage values indicating the varia- 
tions, it is difficult to state whether he 
is operating beyond the voltage range; 
if so, then the problem is to devise 
some means to keep the voltage more 
constant. E. H. LAABS. 


Engineering Department. 
The Cutler-Hammer Mfg. Co., 
Milwaukee. Wis. 


2 „ „ $ 
Win Shorting Slip Rings Injare Motort 
— Will short-circuiting the slip rings 
on a three-phase, wound-rotor, induc- 
tion motor damage it? This is likely 
to happen when the external resist- 
ance is entirely cut out of the circuit 
so as to speed up the motor as much 
as possible. 
one or more of the brushes do not 
make contact with the slip rings of 
such & moter? 
Milwaukee, Wis. B. R. B. 
Answering B. R. B. in the June issue, 
he should, it is believed, short circuit 
the slip rings of his three-phase wound 
rotor induction motor for normal oper- 
ation. The resistance in the secondary 
is usually provided for starting under 
somewhat of a load and for reduction 
of speed below normal. With the usual 
starter the slip rings are short-cir- 
cuited when the handle is turned to 
the running position. In places where 
there is much vibration it may be de- 
sirable to install an enclosed switch to 
short-circuit the rings, after the motor 
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is running at normal speed, thus tak- 
ing the greater part of the current 
from the starter and so preventing 
some possible burning of the contacts 


ring the secondary will run single- 
phase. That part of the rotor will 
then be overloaded and may be dam- 
aged due to heat. There may also be 
vibration set up due to the eccentric 
magnetic pull on the rotor which could 
damage the bearings and in time the 


whole machine. D. W. BLAKESLEE. 
Electrical Engineer, 

Jones and Laughlin Steel Corp., 
Pittsburgh, Pa. ; 


t % * * 


Answering B. R. B. in the June issue, 
shorting the slip rings of a three-phase, 
wound-rotor motor will not in any way 
injure the motor; it is in fact the full- 
speed condition of any motor of this 
type. It is assumed that in B. R. B.’s 
case an externally-mounted resistance 
is used, in which event the rings are 
short-circuited in the controller. Should 
one or more brushes not make contact, 
the effect will be noticed in the supply 
circuit by the unbalancing of the cur- 
rent, and is comparable to the behavior 
of a motor having resistances of dif- 
ferent values in the rotor circuits. 

C. O VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter. 
New York, N Y. 


t * * 


Replying to B. R. B. in the June 
issue, it is not unusual to have a three- 
pole, single-throw switch mounted on 
the motor with one side of the switch 
tapped on at the prush holders and the 
other side shorted with a suitable piece 
of copper. When the machine is up to 
epeed the switch is closed and cuts out 
the external resistance. 

If one brush does not make contact 
with the slip ring the speed will be 
reduced and in time the motor will 


‘heat. If the brushes on two rings do 


not make contact the motor will stop, 
as there will be an open circuit in the 
rotor and consequently no inductive 
action between the stator and rotor 
windings. 
San Diego, Calif. E. A. FINLEY. 

* * * * 


In reply to B. R. B. 's question in the 
June issue, he should experience no 
trouble in cutting out all of the second- 
ary resistance in a wound- rotor motor, 
as most of them are designed to oper- 
ate that way. The resistance is often- 
times used only during starting and 
when the last point on the controller 
is reached the motor runs as an induc- 
tion motor and develops its maximum 
horsepower. It would not do, however, 
to discard the grid resistance and per- 
manently short-circuit the rings as, for 
one thing, the resistance of the rotor 
would be too low and the motor would 
not have enough starting torque to 
start under any appreciable load. 

If none of the brushes on one ring is 
making contact the motor will run at 
approximately half speed. If one or 
more brushes do not m ke contact the 
effect will depend on the number of 
brushes there are on each ring; the 
more brushes there are, the less will be 
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the effect of dropping out one or more. 
On small motors where there are, say, 
only two brushes to a ring, the effect 
will be more pronounced. In general 
the efiect will be practically the same 
3 though there were a high-resistance 
rotor in the motor. The slip will be 
greater than the motor was designed 
for, with a consequent reduction in 
horsepower. The remaining brush or 
brushes will have to carry more than 
their intended current and will heat 
more, which will make matters still 
worse. . 

It is well to watch the slip rings to 
see that they run fairly true. If they 
are badly pitted or have an uneven 
surface they are likely to cause poor 
operation, on a fairly high-speed ma- 
chine. NICHOLAS J. WEISS. 
West New York, N. J. 


s $ k 8 


Referring to B. R. B. in the June 
issue, short-circuiting the slip rings of 
a three-phase, wound-rotor motor will 
not damage it, as this operation will 
cause the motor to run as a three- 
phase, squirrel-cage induction motor. 
In fact, it is possible to short-circuit 
permanently the slip rings of a wound- 
rotor motor and operate it as a 
straight induction motor, with only a 
slight loss in efficiency, by means of an 
ordinary compensator. This may 
easily be done in emergencies. 

When one or more brushes fail to 
make contact with the slip rings the 
motor may start with a slow jerking 
motion, or may fail to turn over and 
emit a loud, humming noise. 

Riverside, Calif. PHIL D. COMER. 


: *« X * 


Referring to B. R. B.’s question in 
the June issue, no harm can be done by 
short-circuiting the rings of this motor, 
as that is the normal running condition. 
The rings are always shorted through 
the external resistance, the purpose of 
which is to cut down the line current 
drawn and improve the torque at 
starting, as a higher resistance has 
that effect. 

The external resistance is cut out 
step-by-step by the controller and an 
examination of any wiring diagram 
pertaining to this type of motor will 
clearly show the short-circuited condi- 
tion on the last controller point. 

If one or more sets of brushes do not 
make contact, the motor usually will 
not start or, if it is running, it will 
roar, overheat very quickly and stall. 

The writer has a number of these 
motors to maintain and usually short- 
circuits the brushes of a repaired 
motor, thus enabling it to be started 
by a compensator in place of a drum- 
type controller, in the repair shop. 
Chief Electrician, JOHN F. BYERS. 


Libby Owens Sheet Glass Co., 
Charleston, W. Va. 


E X * * 


In answer to B. R. B.’s question in 
tlie June issue, the motors he mentions 
are built to run at maximum speed and 
efficiency with the rotor short-circuited 
and there is no danger of damage. 
When the rings are short-circuited 
these motors have practically the same 
characteristics as a _ squirrel-cage 
motor. In case the resistor and con- 
troller become damaged these motors 
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may be short-circuited at the rings 
and started by the use of a standard 
compensator of sufficient capacity, 
although they will not develop very 
much starting torque when operated in 
this manner. 

If a brush is lifted from a ring while 
the motor is running the rotor circuit 
will be opened unless there is a short- 
circuiting device on the shaft beyond 
the rings. Opening the rotor circuit 
will cause the motor to operate single- 
phase and only one-third of the coils 
will be active. The rotor will heat 
badly under these conditions and if run 
for any length of time the soldered 
joints would probably come loose and 
make it necessary to resolder the con- 
nections. 

Practically all wound rotors of the 
polyphase type have three-phase wind- 
ings, regardless of whether it is a two- 
or three-phase machine, and for this 
reason care must be taken to see that 
all of the brushes are doing their work, 
or the machine will overheat. I have 
had experience with a great many old, 
wound-rotor motors using a drum con- 
troller for cutting out the resistance. 
Many of these controllers have in- 
sufficient copper contact surface, which 
resulted in burned out-controllers and 
damaged rotors. To overcome this diffi- 
culty a switch was installed to increase 
the capacity of the short-circuiting de- 
vice. 

After the controller was put on 
the last point the switch was closed 
and made a solid tie across the rotor. 
Of course, this could not be done with 
a variable-speed motor, such as B. R. B. 
is evidently operating, but the brush 
question is very important and rings 
and brushes must be kept in first-class 
condition on wound-rotor motors. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 
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In the June issue, B. R. B. asks 
about short-circuiting the slip rings of 
a wound- rotor motor. This will not 
inj ure it. 

When one or more of the brushes do 
not make contact with the slip rings 
the resistance of the secondary circuit 
will be increased, the speed will be de- 
creased and the remaining brushes will 
have to carry more than normal cur- 
rent per square inch of surface. If 
none of the brushes on one ring make 
contact, leaving a single-phase rotor, 
the torque will be about 60 per cent of 
normal, the secondary current in each 
case being the same. If the brushes 
on two rings fail to make contact the 
motor is likely to be damaged, unless 
it is equipped with protective devices. 
Hopewell, Va. R. M. Bus. 


ER X X * 


Replying to B. R. B. in the June 
issue, a short-circuit on the rings of a 
slip ring motor will cause no damage, 
as that is the normal running condition 
at full speed, even though the short- 
circuited condition is brought about 
through the controller. When the re- 
sistance is entirely cut out of the cir- 
cuit the motor practically becomes a 
straight induction motor and will come 
up almost to synchromous speed. 

When one set of brushes, that is all 
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of the brushes acting on one ring, do 
not make contact the motor will oper- 
ate at about half speed and if an at- 
tempt is made to carry full load the 
windings connected to the working 
rings are likely to be burned out. When 
two rings are rendered inoperative be- 
cause the brushes do not make contact, 
the motor will stop and no damage will 
be done, as the stator current will drop 
to the sinall amount required for mag- 
netizing current only. 

Seattle, Wash. W. MONTELIUS PRICE. 
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Connecting Lineshaft Directly to Motor 
—We wish to connect a lineshaft ap- 
proximately 100 ft. long directly to a 
50-hp., 870-r.p.m. motor. The lineshaft 
can if necessary be supported from 
the ceiling, but we should prefer to 
mount it on top or at the side of heavy 
wooden or concrete posts. This de- 
partment is on the ground floor and 
there is no basement underneath the 
building. I should like to know (1) if 
it is practicable to drive a lineshaft 
at this speed. (2) Would it be bet- 
ter to support the lineshaft on the 
top, or at the sides of the posts? (3) 
Is there likely to be excessive vibra- 
tion? If so, how can it be overcome? 
(4) What kind of bearings should we 
use? Your advice will be greatly ap- 
preciated. 

St. Louis, Mo. B. G. S. 

In answer to B. G. S.’s question in 
a late issue, it is my opinion that it 
would be very difficult to make such an 
installation give satisfactory service. 
Driving a lineshaft at 870 r.p.m. would 
in all probability cause the supports to 
vibrate considerably and it would, 
therefore, be hard to support them sol- 
idly. Unless the machines driven are 
of unusual character, the pulleys would 
have to be rather small, which might 
allow the belts to slip. 

If the motor must be connected di- 
rectly to the lineshaft the supports for 
the latter should be firmly anchored to 
the ceiling and either roller or ball 
bearings used. 

Vibration can sometimes be lessened 
by placing the driven machines on both 
sides of the lineshaft, so that the belts 
also pull from each side. 

Peoria, III. GEORGE D. RINGNESS. 
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Replying to B. G. S. in a recent 
issue I would not, for various reasons, 
consider it to be the best of engineering 
practice to undertake such an installa- 
tion as mentioned. However, if this is 
the only way of getting power in the 
place desired, I would advise mounting 
the lineshaft on top of concrete pedes- 
tals which I would place about 8 ft. 
apart. 

Also, on the lineshaft I would place 
three small flywheels, spaced equidis- 
tant between the motor and the driven 
machine. The flywheels need not be 
large, as their purpose would be to pre- 
vent whipping of the shaft, rather than 
storage of power, although this latter 
effect might be helpful. 

I would advise the use of high-speed, 
sleeve bearings, in order to cut down 
the expense. A bearing composed of 
16-20 parts tin, 2 parts antimony, 1 
part lead, and 80 parts copper, should 
give good service. The bearings should 
be well lubricated. 

Extreme care must be exercised in 
balancing and aligning this shaft in or- 
der to secure the best results. 

West Allis, Wis. EDWARD JAMES. 
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How to Use Megger for Testing Insulu- 
tion of Motors—I wish some reader 
would give me a few suggestions on 
the proper method of using a megger 
for testing the insulation resistance of 
motors. I should also Aike to know 
what is considered a satisfactory read- 
ing when testing 110/550 volt, a. c. 
and d. c. motors ranging from 5 hp. 


to 50 hp. 

Latrobe, Pa. J. K. W. 

Answering J. K. W. in a recent 
issue, the best insructions for using a 
specialized instrument such as the meg- 
ger are those issued by the manufac- 
turer. Assuming that J. K. W. does 
not have any printed directions on the 
use of this instrument, the following 
extracts from James G. Biddle's cata- 
log may be of service to him: 

(a) To use the megger testing set, 
place it on a firm and fairly level base 
and without connections of any sort to 
the terminals, turn the crank in a 
right-hand direction at about 120 r.p.m. 
The pointer should promptly move up 
the scale and stand over the infinity 
mark. 

(b) Short-circuit or place a low re- 
sistance between the earth and line 
terminals. When the crank is turned 
the pointer should promptly move down 
the scale to zero. 

(c) Connect the testing leads to the 
earth and line terminals. If the leads 
are held in the hand or touch anything 
and, while turning the crank the point- 
er indicates less than infinity, there is 
a leak somewhere which must be re- 
moved, before proceeding with the test. 
If there is no leak between the leads, 
you may proceed to test the equipment. 

(d) Connect the leads to the appa- 
ratus to be tested and turn the handle 
of the megger at the proper speed. 
While turning observe the position of 
the pointer on the scale; the reading 
indicates the value of the resistance 
under test. 

When testing motors that have just 
been installed, connect the line terminal 
of the megger to a lead, the commuta- 
tor or an exposed conductor of the 
machine, and the earth terminal to the 
shaft or some bright part of the frame. 
Test the insulation resistance. On a 
cold machine this should be at least 
1 to 5 megohms. The lower value ap- 
plies to large machines. Be sure when 
making the test that all circuits are 
properly connected. If all of the cir- 
cuits are not connected together, as in 
the case of a separately-excited gen- 
erator, test each circuit or group of 
circuits separately. 

When testing motors in service, the 
procedure is the same as for a new 
installation. When a motor is warmed 
up the insulation resistance will be 
lower than when cold. For testing 110- 
and 220-volt apparatus, particularly if 
it is old, it is best not to use a megger 
generating over 500 volts unless the 
insulation- resistance has been proven 
to be quite high. It must also be re- 
membered that when making megger 
tests the equipment under test must not 
be live. 

The standards of the American In- 
stitute of Electrical Engineers require 
that the insulation resistance of a ma- 
chine at its operating temperature shall 
not be less than given by the following 
formula: Insulation resistance in meg- 
ohms=voltage at terminals (rating in 
kva. plus 1,000). 
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This formula applies only to dry ap- 
paratus, not oil-immersed. 

In the case of a 650-hp., 550-volt 
motor, this equation would be written: 
Insulation resistance in megohms=550 
501,000 0.5 megohms, approxi- 
mately. In this example I used the rat- 
ing of the motor in horsepower instead 
of the rating in kva., but the error in- 
troduced thereby can be considered neg- 


ligible for most purposes. 


E. I. PEASE. 


R RM X * 


Fort Worden, Wash. 


Referring to J. K. W.’s question in 
a late issue, a constant pressure 
megger is suggested on account of the 
electrostatic capacity from the winding 
to the machine frame. For all machines 
of moderate size, a megger reading up 
to 100 megohms will cover require- 
ments. 

When holding the megger leads while 
taking readings, great care must be 
exercised not to let a leak through the 
tester give a false reading. 

Moderate-sized machines generally 
show an insulation resistance some- 
where between 5 and 50 megohms when 
cold, but the readings will be much less 
when the machine has just been taken 
out of service and is still warm. 

After connecting the line terminals 
of the megger to the collector ring, 
brush, commutator, terminal of arma- 
ture winding or field, and the ground 
terminal to the frame of the machine, 
the insulation resistance reading is ob- 
tained by turning the handle of the 
megger generator. However, the insu- 
lation resistance to ground of a number 
of connected parts of a machine will be 
far less than that of the parts taken 
individually. Likewise, changes in 
temperature and weather conditions 
will cause a considerable change in the 
readings obtained. 

New York, N. Y. WM. GLAMEYER. 
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With reference to J. K. W.’s ques- 
tion in a recent issue, the use of a 
megger for testing the insulation of 
motors should be attended with caution 
and the judgment gained through prac- 
tical experience. The megger is not 
infallible; that is, a high reading will 
not necessarily indicate that the wind- 
ings are in absolutely safe condition. 
In the case of low-voltage equipment 
there may actually be in the winding 
exposed copper or bare spots which 
may be in such close proximity that 
although a test under certain condi- 
tions would indicate everything to be 
satisfactory, trouble will develop later 
on due to temperature changes, causing 
a gradual shifting or change in the 
windings. In general, a megger test 
should be considered as more or less 
of a qualitative test. 

In the standardization rules of the 
A. I. E. E., the following statements 
are made: 

“The insulation resistance of a ma- 
chine at its operating temperature shall 
be not less than that given by the fol- 
lowing formula: Insulation resistance 
in megohms=voltage at terminals rat- 
ing in kva. 1, O00.“ 

For example, based on this formula 
the insulation resistance of a 50-hp., 
a. c., 550-volt motor would be, using 
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1 hp. as equivalent to 1 kva.; 550-50 
＋1, 000 0.523 megohms, or 523,000 
ohms. 

For safety, d. c. motors should be 
considered on the basis of 1 kva. per 
horsepower. 

It is further stated in the A. I. E. E. 
rule that, “the insulation resistance is 
of doubtful significance as compared 
with the dielectric strength. It is sub- 
ject to wide variation with temperature, 
humidity and cleanliness of the parts. 
When the insulation resistance falls be- 
low prescribed values it can, in most 
cases of good design and where no de- 
fect exists, be brought up to the re- 
quired standard by cleaning and dry- 
ing the machine. The insulation re- 
sistance, therefore, may afford a useful 
indication as to whether the machine 
is in suitable condition for application 
of the dielectric test.” 

The foregoing quotations from the 
A. I. E. E. rules state the case of the 
sphere of the megger very fully. The 
dielectric test, of course, refers to a 
test at a higher voltage. For all a. c. 
motors, this should usually be twice the 
normal operating voltage plus 1,000 
volts. In the case of a 550-volt a. c. 
motor, 2,100 volts would be applied on 
this basis, but it is not uncommon to 
find 2,500-volts used for this purpose. 
There are also various modifications of 
these tests. 

In conclusion, it may be said that 
care and good judgment should be 
exercised in interpreting the results of 
a megger test. 

C. OTTO VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter, 
New York, N. Y. 
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Regarding J. K. W.’s question in a 
late issue, for d. e. armatures and 
flelds when the megger shows a read- 
ing of three-fourths to one megohm, 
the armature should be removed, placed 
in an oven and baked at 95 to 105 deg. 
C. for 6 to 14 hr., depending upon the 
size. Then another test should be taken 
with the megger, while the armature 
is still hot; if this reading is one and 
one-fourth megohms, or more, dip the 
armature while hot in a good baking 
varnish, and allow it to remain under 
the varnish until the air bubbles stop 
coming to the surface. When dipping 
armatures, keep the commutator up 
and out of the varnish. 

When the armature is too large to 
dip shaft up, make a shallow pan to 
hold the varnish, deep enough to allow 
the varnish to reach below the slots. 
Then place the pan under the arma- 
ture, which should be placed between 


two supports, block up the pan to give 


the proper depth of varnish and re- 
volve the armature, allowing a por- 
tion to soak. 

After dipping, bake for 6 to 18 hr. 
at 95 to 105 deg. C. For the best re- 
sults use a long, low-heat bake. Also, 
when a large armature has been dipped 
in a horizontal position, turn the arma- 
ture 180 deg. after half the total bak- 
ing time has elapsed. 

Before baking the armature for the 
first time, clean all oil, grease and dirt, 
etc., off the windings and front V-rings, 
paying careful attention to the spaces 
between the core and coil ends. Use 
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a soft-hair, bottle-washing brush to 
clean these parts. 

It has been found that a clean and 
dry winding that shows at least one 
and one-fourth megohms will stand 
twice its rated line voltage for a high- 
potential test to ground, for one min- 
ute. Therefore, when an armature 
after cleaning and baking shows at 
least one and one-fourth megohms it is 
worth dipping and baking, and if this 
process is properly carried out the 
megger reading and the life of the 
motor will be greatly increased. 

On the other hand, if the insulation 
is aged or damaged, the readings after 
cleaning and baking will not be much 
higher; in fact, in some cases the heat 
will cause a lower reading. When a 
lower reading or a reading under one 
megohm is obtained, after cleaning and 
baking, it is best to rewind the arma- 
ture completely—don’t patch. 

After a little experience a man can 
svon learn to judge whether a motor 
is worth cleaning and baking by the 
appearance and condition of the wind- 
ings. 

It is good policy to test every new 
piece of apparatus when installed and 
record the megohm readings on a motor 
card; then take readings every three 
months and when the readings get 
down to one megohm or take a sudden 
drop, investigate at once, for trouble, 
dirt and oil, etc., will run the readings 
down. It is surprising what cleaning 
and baking and dipping will do 
towards keeping a motor out of the 
rewind class. 

In the case of d. c. armatures that 
work in oily places, or with bearings 
that leak oil, the condition of the mica 
between commutator bars should be 
taken into consideration when contem- 
plating cleaning and baking. In some 
cases, when the mica is not too soggy, 
baking for a long time at low heat, 95 
deg. C, will put the commutator into 
satisfactory condition and make the 
remainder of the process worth while. 
Wilkinsburg, Pa. A. C. ROE. 
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When Should an Armature Be Scrapped 
Instend of Repnired?—I shall appre- 
ciate it if readers will give me their 
opinion on the following: If an arma- 
ture needs new coils, a new commu- 
tator and a new shaft, especially if 
it is of the type that has the lamina- 
tions stacked on the shaft, is a repair 
job, with only the laminations for a 
base, a profitable undertaking? Also. 
when should the core be junked and 
new laminations used? 

Chicago, III. J. E. K. 

Answering J. E. K. in a late issue, 
this is a question that can be best 
settled by consultation with the manu- 
facturer of that particular motor. If 
the laminations can be removed from 
the shaft without tearing them to 
pieces they can be used again, but even 
under these circumstances they should 
be treated, annealed and varnished, 
which is often done to -the iron in 
stators. Under the present-day methods 
of treating and handling the iron the 
junking of cores is not so necessary as 
heretofore. Continual heating of ordi- 
nary iron reduces its permeability and 
increases the hysteresis loss; while 
silicon steel has non-aging properties 
that are not affected by heat, ordinary 
iron can be improved by annealing and 
varnishing it. 


INDUSTRIAL ENGINEER 


Junking of cores would, then, be con- 
sidered in the case of iron that was 
really damaged beyond redemption, or 
when there was a question as to the 
feasibility of installing a new armature 
rather than repairing and replacing 
the old one. This would be determined 
by the manufacturer’s price for a new 
core, as compared with the cost of re- 
pairing the old one. 
West Allis, Wis. EDWARD JAMES. 
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Polarity of Transformer — After reading 
the article on “Checking and Testing 

Transformer Connections“ on page 560 


of the December. 1924, issue of INDUS- 
TRIAL ENGINEER, I am somewhat con- 


High tension 


— — 


Low tension 


fused as to the relationship between 
the primary and secondary voltages 
for transformers of different poor 
ties. Assume a transformer having 
primary and secondary voltages in the 
winding as shown by the arrows in 
the diagram. Can gome reader tell me 
whether this transformer has additive 
or subtractive polarity, and why? 

Chicago, Ill. G. A. V 


As to the question asked by G. A. V., 
if the diagram indicates the relative 
location of outside terminals and if the 
arrows indicate the induced voltages, 
the polarity is additive. 


In many discussions, I have noted 
that impressed voltage is considered in 
one winding and induced voltage in 
the other winding. This leads to un- 
necessary complications. If all discus- 
sion is limited to induced voltages and 
arrows indicate only induced voltages, 
then practically all difficulties connect- 
ed with polarity problems will be 
avoided. A. BOYAJIAN. 


Transformer Engineering Dept., 
General Electric Company, 
Schenectady, N. T. 


4 zs X * 


In reply to the question asked by 
G. A. V. in a recent issue, the trans- 
former in his diagram has additive po- 
larity. The arrows are taken as rep- 
resenting the instantaneous direction 
of current flow for one half-cycle. In 
the next half- cycle the direction of cur- 
rent flow in both windings is reversed. 
The primary current of any trans- 
former induces a flux in the coil of the 
transformer that lags behind the im- 
pressed electromotive force by 90 deg. 
This flux, in turn, induces a current 
to flow in the secondary winding that 
is 90 deg. behind the flux. Therefore, 
the secondary current lags behind the 
primary current by 180 deg., or is op- 
posite in phase. 

Whether a transformer has additive 
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polarity or not depends upon how the 
secondary leads are brought out from 
the winding; in other words, which lead 
is considered as being the start of the 
secondary winding. This may also be 
influenced by the direction in which 
the secondary winding is wound around 
the core, relative to that of the pri- 
mary winding. To have additive po- 
larity, the external wires bear the same 
relation to the internal windings as 
shown in your sketch. 


F. ELLIOTT WALDRON. - 
Gloucester Electric Co., 
Gloucester, Mass. 
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With reference to the question asked 
by G. A. V. in a recent issye, I would 
say that the marking shown on the 
sketch accompanying the question is 
not definite in that we do not know 
whether the marking indicates the di- 
rection in which the windings are 
wound on the core or the direction in 
which the currents flow in the wind- 
ing. If the marking indicates direc- 
tion of winding, then the transformer 
is of additive polarity. If it indicates 
the relative direction of primary and 
secondary currents, then the transfor- 
mer is of subtractive polarity. 


L. C. NICHOLS. 
Engineer in Charge of Transformer 


Design, 
Allis-Chalmers Mfg. Company, 
Milwaukee, Wis. 
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Replying to G. A. V.’s question -in 
a late issue, I will say that this trans- 
former has subtractive polarity. It is 
understood that the arrow shown over 
the high-tension winding represents the 
direction of the impressed voltage, 
while that under the low-tension wind- 
ing shows the relative direction of the 
induced voltage, as far as instantan- 
eous values are concerned. 

Suppose the transformer in question 
to be a standard lighting transformer 
stepping down from 2,200 volts to 220 
volts. Let us connect the 2,200-volt 
side to a 220-volt sugply so we can use 
a plain voltmeter with safety. Since 
the ratio of transformation is 10 to 1, 
we would measure 22 volts on the sec- 
ondary side of the transformer. If. 


we face the secondary side and con- 


nect the left-hand primary lead with 
the left-hand secondary lead and then 
connect our voltmeter between the re- 
maining primary and secondary leads, 
we would get a voltmeter indication 
lower than 220 volts and equal to 220 
—22=198 volts, because the voltage 
induced in the secondary winding is 
opposed to the normal 220 volts in send- 
ing current through the voltmeter. 
The secondary coil tan be considered 
as a continuance of one leg of the 
voltmeter to one side of the 220-volt 
supply, while the other leg goes direct 
to this supply. 

A few years ago, transformer leads 
were brought out through the tank at 
random so that even with those of the 
same make one could not rest assured 
of the relative polarity without mak- 
ing tests, these tests being always nec- 
essary when paralleling transformers 
of different makes. Nowadays, manu- 
facturers have adopted standard meth- 
ods in marking the relative high- and 
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low-tension leads so that transformer 
paralleling is made easy. These meth- 
ods are very commendable and can be 
appreciated by anyone having to con- 
nect transformers as boosters or buck- 
ers and also when connecting various 
kinds of meters to potential and cur- 
rent transformers in various circuits. 


HENRY MULFORD. 
Patchogue Electric Light Co., 
Patchogue, N. Y. 
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In answer to the question asked by 
G. A. V. in a recent issue, I would 
say that this transformer has additive 
polarity for the reason that the cur- 
rents in the left-hand, high-tension and 
left-hand, low-tension leads are flow- 
ing in the’same direction. Therefore, 
the potential strain between these two 
terminals is the sum of the voltages in 
each winding. 

If the transformer were of subtrac- 
tive polarity, the potential arrows in 
the winding would point in the same 
direction while those in the left-hand, 
high-tension and _ low-tension leads 
would point in opposite directions. 
Then the potential difference between 
these two leads would be the difference 
between the voltages in the two wind- 
ings. 

This is not a technical explanation, 
but I believe it may be clearer than 


one that is technical. L. F. Goss. 
Chief Engineer, 

Kuhlman Electric Co., 

Bay City, Mich. 
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In reply to the question asked by 
G. A. V. in a recent issue, the trans- 
former in question is of additive polar- 
ity. In Vol. 23, No. 5 of the General 
Electric Review, A. Boyaj ian gives a 
very thorough discussion of this ques- 
tion. I will try to prove my answer 
to G. A. V.’s question with an abstract 
of Mr. Boyajian’s discussion. 

In Fig. 1 of the accompanying dia- 
gram is represented a simple, single- 
phase transformer. It is of interest to 
consider the relative direction of the 
windings and voltages. It will be ob- 
served that coil S:S; is wound in the 


same direction as P. P., assuming that 


the first coil starts from the S, and 
the second from the P. leads. On the 
other hand, the S:S: coil is wound in 
the opposite direction to P. P., if we 
assume that the first starts from S; 
and the second from P.. We conclude, 
then, that whether two coils are to be 
considered as wound in the same direc- 
tion, or in opposite directions, depends 
on which terminals are considered as 
the start and which the finish. Thus, 
in Fig. 1, coils SiS: and P,P: are in 
the same direction, while coils SS, and 
P. P. are in opposite directions. 

Since the primary and secondary in- 
duced voltages are induced by the same 
flux, they must be in the same direction 
in each turn as is shown in Figs. 2 
and 8. 

However, whether they will appear in 
the same or opposite direction as viewed 
from the terminals depends on the rela- 
tive directions of the windings. Thus, 
in Fig. 2 voltages H, H. and X. X. are 
in the same direction and in Fig. 3 
voltages H. H: and X. Xi have opposite 
directions. Also, in Fig. 2, voltages 
H. H. and X-X, are in the opposite di- 
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rections and in Fig. 3 voltages H, H. 
and X. X. are in the same direction. 

When the induced voltages of the 
high- and low-voltage sides are in op- 
posite directions as in Fig. 8, the polar- 
ity is said to be additive; and when 
the induced voltages are in the same 
direction as shown in Fig. 2, the polar- 
ity is said to be subtractive. The rea- 
son for this nomenclature will be evi- 
dent from the following : 
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Figs. 1, 2 and 3—The voltages in- 
duced in the individual turns of 
the primary and secondary wind- 
ings are in phase, even though the 
windings are wound in opposite 
directions. 


Referring to Fig. 2, if we connect 
a high-voltage lead to the adjacent low- 
voltage lead, for instance H: to X:, and 
excite the transformer on either side, 
the voltage across the leads, H, to X: 
will be the difference between the volt- 
ages of the two sides. Following the 
voltage from X, to X., thence to H: 
and then to H, it is evident that the 
voltage H. H. will oppose the voltage 
X,:X:, and the polarity is subtractive. 

Referring to Fig. 8, which shows 
primary and secondary induced volt- 
ages in opposite directions, if we con- 
nect an H lead to the adjacent X lead, 
for instance, H, to X. and excite the 


transformer, the voltage across the 


other leads, that is, H, to Xi will be 
the sum of the primary and secondary 
voltages, for reasons explained in the 
previous paragraphs. Hence, the polar- 
ity is additive. 

Engineering Dept., FRED W. PAFFEN. 


American Cellulose & Chemical Mfg. Co., 
Cumberland, Md. 
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In answering G. A. V.’s question in 
a recent issue, it is assumed that the 
direction of arrows is given for the 
voltage impressed on the primary and 
the induced voltage received at the sec- 
ondary terminals. In this event, the 
transformer is described as having sub- 
tractive polarity. However, if we are 
considering the arrows as indicating 
the direction of induced voltage in pri- 
mary as well as in secondary, then the 
polarity is additive. 

Since induced and applied voltages 
are in direct phase opposition, it is ap- 
parent in speaking of voltages that it 
is necessary to specify whether im- 
pressed or induced voltages are being 
considered. * 3 

It is undesirable to consider the im- 
pressed voltage in the primary and the 
induced voltage in the secondary, since 
it is not always certain which is pri- 
mary and which secondary and, fur- 
thermore, polarity and phase rotation 
are independent of which winding is 
primary and which secondary. It is 
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the simplest, clearest, and most logical 
procedure, therefore, to consider only 
the induced voltage relation. 

Since the primary and secondary in- 
duced voltages are induced by the same 
flux, they must be in the same direc- 
tion in each turn. Whether they will 
appear in the same or opposite direc- 
tions as viewed from the terminals, de- 
pends upon the relative directions of 
the windings. When the windings are 
similarly wound, the resultant polarity 
is subtractive. The reverse condition, 
with the windings wound in opposite 
directions, gives rise to additive po- 
larity. 

Schenectady, N. Y. CECIL H. GREEN. 
* * * * 


With reference to the question asked 
by G. A. V. in a recent issue, the sketch 
in question shows the transformer as 
having additive polarity. The arrows 
indicate relative induced voltage in pri- 
mary and secondary. With the arrows 
indicating these voltages they will com- 
bine in the same manner as vectors; 
that is, if one vector begins at the 
terminus of another vector, then the 
magnitude from the beginning of the 
first vector to the terminus of the sec- 
ond, would be the sum of the two. The 
vectors are obviously combined in this 
manner in the sketch referred to, when 
two terminals at the same end of the 
transformer are connected together, 
(that is, the terminus of one vector is 
connected to the beginning of the sec- 
ond vector) and the voltage between 
the other ends of the windings then 
would be the difference between the be- 
ginning of the first vector and the ter- 
minus of the second which is obviously 
the sum of the two. As pointed out in 
the article in the December issue of 
INDUSTRIAL ENGINEER, and particularly 
in Fig. 2 of that article, when the volt- 
ages of the two windings add, the 
transformer is considered to have ad- 
ditive polarity. J. F. PETERS. 


Transformer Engineering Dept., 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 
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Referring to the question asked by 
G. A. V. in a recent issue, in which 
a diagram of a transformer with ar- 
rows pointing in opposite directions on 
the high- and low-voltage sides is 
shown, the transformer may be taken 
as having additive polarity. These ar- 
rows, however, are sometimes misin- 
terpreted. 

The flux in the core of the trans- 
former induces both the high- and low- 
tension induced voltages. Because of 
this fact these two voltages must be 
in the same direction in each individual 
turn of both windings. If the wind- 
ings are wound in such a manner rela- 
tive to each other, or the leads are 
brought out in such order that the di- 
rection of the induced voltages at the 
leads of both windings is the same, the 
polarity is subtractive. If the induced 
voltages are in opposite directions, the 
polarity is additive. It should be re- 
membered, however, that the induced 
voltage on the secondary side of the 
transformer is in the opposite direction 
to the impressed voltage from the line 
or generator. 


New Orleans, La. OVIDE C. HARRIS. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Shoring Up Ceiling as Safeguard 
When Cutting Holes 


NE of the important jobs of mill- 

wrighting in any industrial plant 
is the erection of motors, countershafts 
and other equipment on the ceiling. A 
common method of doing this, particu- 
larly for heavy pieces, is to drill a hole 
through the concrete ceiling from the 
floor above, countersink for the wash- 


ekg 
>, 


* 
1 es ol 


K 


h 


t "a 


In drilling through from the floor 
above large pieces of concrete were 
knocked from the ceiling. 


This is not necessary when drilling 
holes in the ceiling for erecting 
motors or other equipment. Shor- 
in up from underneath will not 
only prevent concrete from break- 
ing out around the hole in the 
ceiling but will also eliminate any 
possibility of accident to those who 
may be passing below. 


ers used under the bolt heads in the 
floor and patch them over. In cutting 
down through the floor with either a 
chisel or an air hammer, the ceiling of 
the room below is likely to chip or 
break out unless it is shored up from 
below. This is usually done by placing 
a short plank against the ceiling and 
holding it up with an upright wedged 
tightly in place. Frequently the up- 
right alone is used and the hole is 
drilled down into the end of the up- 
right. In addition to protecting the 
appearance of the ceiling, this shoring 
also prevents any large pieces of con- 
crete from falling and injuring anyone 
who might be passing underneath. 

In one plant, where considerable 
effort has been made toward safe- 
guarding the workers and to teaching 
all employees to be careful, a photo- 
graph was taken showing the result 
when the shoring was neglected. This 
photograph was posted on the bulletin 
board with a notation telling that 
pieces weighing three to four pounds 
had fallen from the ceiling and might 
have seriously injured anyone who 
happened to be passing. This was fol- 
lowed by a reminder that such accident 
hazards could be prevented by shoring 
underneath. 


Substantial Metal Ladder for 
Industrial Uses 


T IS surprising how often designers 

who are not familiar with the oper- 
ating side of industry leave out some 
features essential to operation. One 
example of this was in connection with 
several outdoor transformer stations. 
When ready for use it was discovered 
that there was no way to get to the 
several levels of the structures except 
by the wooden ladders which had been 
used in construction. It was found that 
ladders had not appeared in the origi- 
nal specifications. As the contractors 
had received their final O. K.’s, and 
moved away, it was necessary to pro- 
vide ladders, which were made as 
shown in the accompanying illustration. 
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The vertical distance to be covered 
was about 30 ft. Rungs were not re- 
quired at the top, but the sides had to 
pitch inward at the top, as shown in 
the sketch, to a fastening and also to 
allow clearance for a man’s body from 
an iron walk, or grille, to the ladder. 
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‘Rivet ends over 
Detail of Rung 


This type of ladder may be easily 
built and installed. 


Where it is necessary to erect lad- 
ders around outdoor transformers 
or machinery this form of angle- 
iron construction may be built in 
almost any shop. The strength of 
this form of construction and the 
ease with which it may be adapted 
to any structure and installed, make 
it useful around industrial plants. 
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The sides of the ladders were made 

of 2%-in. by 2-in. angle irons which 
were set with the short leg facing the 
climber. As only 20-ft. lengths of angle 
iron were available the ends of two 
pieces were butted and welded. These 
welded spots were staggered, so that 
on one leg the weld was 10 ft. from 
the bottom and 20 ft. on the other. 
This gave the full length required and 
also made a neat, smooth job without 
splicing. 
At the top, where the slant came, 
welding was again resorted to. A 
V-shaped piece was cut out of the 
2%-in. leg, but not through the 2-in. 
leg. The angles were then bent cold by 
hand and held at the correct angle, 
while the cuts were closed up with the 
welding torch. 

The holes in the angles for the rungs 
were laid out on 14-in. centers, center- 
punched and the 15/32-in. holes 
punched on a large punch press. The 
rungs were made from pieces of mild 
steel, as shown in the detail drawing. 
After they had been cut to length, they 
were then chucked on a Jones and 
Laughlin turret lathe and a shoulder 
turned on each end. The rungs were 
inserted, one side at a time, and cold 
riveted with a peen hammer. 

It is common practice to make lad- 
ders used around public service instal- 
lations and machinery out of two steel 
flats and with rungs similar to those 
shown here. However, the ladders de- 
scribed are superior to the others both 
as to cost and stiffness. To get equal 
strength in all directions, the ladder 
with flats for sides would be consider- 
ably heavier. The ladders described are 
as cheap to make as any and are un- 
usually rigid, easy to climb, and capable 
of bearing any vertical loads likely to 
be placed upon them. Also, their shape 
makes them easy to fasten to any steel 
framework. 

— 


Construction of a Crib for 
Piling Lumber 


LTOGETHER too often, lumber in 
storage is piled by the hit-and- 
miss method on a so-called crib, which 
may consist of four large stones with 
some timbers laid across it. In some 
plants the practice is to construct rails 
of old ties and pieces of old planking, 
laying the poorest of these on the 
ground, and pile the lumber on them. 
A bad feature of piling on such a foun- 
dation is the nearness to the ground. 
The pile also lacks stability when 
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A crib or foundation such as this, 
saves lumber. 

If lumber is piled on a crib like this 
it not only has a free circulation of 
air under and through it so that it 
does not rot at the bottom of the 


pile but also keeps straighter. The 
details of the construction are 
shown in the sketch above. Several 


piles of lumber, together with some 
sections of the foundation which are 
empty, are shown at the right. 
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erected on such a foundation. When a 
pile of lumber is placed on such a 
makeshift foundation the air does not 
circulate around the lower tiers. 

The prevalent idea is that the main 
thing to do in piling lumber is to 
“stick” it; that is, to place cross-sticks 
between every layer or two so that air 
can circulate. Lumber must have this 
circulation of air to air-dry and, if out- 
side, to keep it free from the damaging 
effects of moisture when piled tightly. 

The weight of a pile of lumber is so 
great that it causes any temporary crib 
laid upon average ground to settle. 
This sinking has a deleterious effect on 
the lumber that is not generally con- 
sidered. When piled on an.uneven sur- 
face for a year or two, lumber that is 
drying out will take a permanent set. 
Often at least a foot has to be cut out 
at the bend and thrown away. 

Where the supports of a pile are 
much shorter than the lumber there is 
considerable overhang at the ends. This 
means that these ends assume a per- 
manent droop and have to be cut off 
before the major part of the piece is 
available; this lowers the grade of that 
particular piece and represents a loss 
on the purchase price. Ends with a 
long overhang will take this set even 
if there is no weight on top of them. 

The accompanying illustrations show 
a method of storage that avoids all the 
ills cited above. This consists of a 
permanent cribwork made of concrete 
and steel. The details are shown in 
the drawing. The first cost of such a 
crib is considerably higher than the 
hit-or-miss kind, but it is the cheapest 
in the end. 

Old rails, cut in two, are used. Any 
weight of rail that can be picked up 
locally is strong enough for all the 
timber that can be piled upon it. Worn- 
out rails are available in all localities 
and can usually be picked up at a frac- 
tion of the price of structural steel. 
Rails have a broad base and a good 
shape to imbed in concrete, with a 
broad, slightly rounded top. The slope 
of 14% in. per ft. to the concrete foun- 
dation is about what should be given to 
any lumber pile in order to make it 
shed water. The rails also are tipped 
to correspond to this slope. 

The depth to go for the foundation 
depends on the land where the lumber 
is stored and upon climatic conditions. 
A 1-3-6 mixture is strong enough for 
this work if the upper surface is faced 
with a richer mixture or troweled off 
with neat cement to offer greater re- 
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sistance to wear. By using a taper 
board under the level to give a uniform 
slope one way and by leveling the rails, 
a crib that offers a flat upper surface 


may be made with a little extra care. 


Such a lumber crib is a permanent 
investment. It does not have to be re- 
made every time the pile is used up, 
nor do fresh sticks have to be ob- 
tained to make up for those that have 
rotted or been crushed. The time and 
expense of rebuilding the crib every 
time a car of lumber is received would 
go a long way toward the cost of the 
permanent installation. Also, piles of 
greater height are possible because of 
the added stability and strength. This 
is a factor where space is limited. The 
most important improvement, however, 
is the upgrading of the lumber itself. 
For example, if 10 per cent of a pile 
containing 5,000 ft. is lost through 
bending and warping, a charge of $50 
or more is laid directly against the 
cheap crib. Boards that are crooked 
or warped can be placed at the bottom 
of the pile and, since the foundation is 
flat, the weight of the material above 
will tend to straighten them. 

It is worth while to conserve lumber 
in this way, whether it is to be used 


for packing boxes or for making 


furniture. DONALD A. HAMPSON. 
Plant Superintendent, 

Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


Protecting Hair Felt Insulation 
on Refrigeration Lines 


N ONE plant the brine lines of a 

refrigeration system were insulated 
with hair felt, but the only protection 
against hard usage was a tar paper 
covering, held on with twine. Fre- 
quently the paper was torn and on mak- 
ing inquiries it was found that the 
maintenance costs of these lines were 
extraordinarily high, owing to the con- 
tinued replacement of this tar paper. 

The suggestion was made to have a 
canvas cover put on, but the objection 
of the added expense was raised with- 
out regard to the expense already regu- 
larly involved. In the end, however, a 
muslin cover was agreed on. This, when 
painted over with two coats of a special 
tar paint, made a good impervious 
cover that has stood up for nearly two 
years of hard service. Besides being 
serviecable, it also looks neat, which 
could not have been said of the former 
covering. MAURICE C. COCKSHOTT. 


Los Angeles, Calif. 
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Electrical Service 
Around the Works 


Device for 
Warning Crane Operators of 
Overhead Wires 


OST industrial plant yards, and 

in particular many steel plant 
yards, have overhead lines which carry 
the electric power, light, telephone and 
signal service throughout the plant. 
These lines are constantly menaced by 
the booms of locomotive cranes wher- 
ever the wires cross over the plant rail- 
road tracks. In the daytime the 
operator can usually see the wires 
overhead and take steps to insure that 
his boom does not tear them down, but 
at night or in twilight or fog, he can- 
not readily see the lines. 

One plant has endeavored to remedy 
this trouble by installing a red warn- 
ing light over the railroad track wher- 
ever wires cross overhead. A large 
number of these lights have been in- 
stalled making a system of signal 
lights which has worked out very sat- 
isfactorily as it has practically elimi- 
nated the breakage of overhead trans- 
mission lines from this cause. 

There are several features of this 
installation that are of particular in- 
terest. We felt that if we put in warn- 
ing lights we must be sure that they 
always burned, for we knew that the 
locomotive crane operators would rely 
entirely on the lights to warn them of 
wires overhead. If the lights failed to 
burn at twilight or at night, we could 
almost count on a locomotive crane rip- 
ping down wires somewhere in the 
plant. Hence, we decided that each 


A red light suspended over the 
track wherever wires cross it 
warns the operator to lower the 
crane boom to prevent damage to 
wires. 


A Nichols-Lintern warning lantern 
is hung from a Thompson safety 
hanger attached to a steel messen- 
ger, as shown in the illustration at 
the left. At the right a close-up 
view is shown of the lantern and 
movable part of the safety lowering 
switch as they appear when lowered 
to the ground for inspection and 
lamp replacements. 
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warning light should contain two 
lamps, operating in parallel, so that in 
the case of the failure of either lamp, 
the second would still be lighted, there- 
by allowing ample time for replacement 
of the damaged lamp. 

A Nichols-Lintern universal signal 
lantern, such as shown in the accom- 
panying illustration, was used for the 
warning light. The lantern has a 
cylindrical ruby glass lens enclosing 
the sides and a ruby round lens in the 
bottom. It is equipped with two lamps; 
one is a 100-watt lamp which is focused 
back of the cylindrical lens, and the 
other is a 50-watt which is focused over 
the bottom lens. Should either lamp 
fail, the other will effectively perform 
the double duty until the defective lamp 
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For this section ideas and practical methods devised 
to meet particular operating conditions are invited 
from readers. 


The items may refer to inspection, 
overhauling, testing or special installations. 


is replaced. Hence, the lantern throws 
a strong red light on all sides as well 
as a red patch of light directly on the 
ground below. 

It is ess@ntial that the lanterns be 
inspected daily to find out whether one 
of the lamps has burnt out. To facili- 
tate this inspection, cleaning, and re- 
placement of lamps, the lanterns were 
hung on Thompson (Thompson Elec- 
trict Co.) safety lowering switches or 
disconnecting hangers, as shown in the 
accompanying illustrations. A steel 
messenger cable, such as is used to 
support lead sheath telephone cables, is 
stretched between poles or adjacent 
buildings so that the hanger may be 
fastened to the messenger in position 
over the track, as shown in the larger 
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illustration. With this arrangement of 
cable and hanger the lantern may be 
disconnected from the circuit and read- 
ily lowered to the ground for any in- 
spection or lamp replacements. 


Chief Electrician, R. H. BAHNEY. 
The Central Steel Co., 
Massillon, Ohio. 


Comment on Use of 30-amp. 


and 60-amp. Fuses 
N PAGE 348 of the July issue of 
INDUSTRIAL ENGINEER, Chas. 

Cobb, Jr., complains of the charring 
or burning of the cartridges of 30- and 
60-amp. fuses. 

The company with which I am con- 
nected uses about 2,000 of these fuses, 
protecting 3,000 kw. connected load of 
heating and cooking equipment. These 
fuses operate under a 24-hr. load with 
a load factor of .78. 

It has been our experience that if 
the proper care is exercised in the 
initial installation of the cutout, as re- 
gards tight connections and proper 
alignment of clips, and if non-renew- 
able fuses are used, the trouble men- 
tioned by Mr. Cobb is negligible. 

We have tried to use various makes 
of renewable fuses and find that they 
will not carry over 50 per cent of the 
rated cutout capacity continuously un- 
less such elaborate care is taken at 
each renewal] that the purpose of such 
a fuse, (quick and cheap renewal) is 
defeated. 

If, for any reason, a fuse has become 
so hot as to burn the cartridge a great 
deal of future trouble will be saved if 
the entire cutout or at least the fuse 
clips can be renewed for, as Mr. Cobb 
points out, the causes of such a failure 
are cumulative and it is certain that 
the next fuse will do. likewise unless 
the cutout is given the attention that 
such an important piece of apparatus 
is entitled to. 

I trust that these remarks may call 
forth the experiences of others in re- 
gard to this trouble. 


Chief Electrician, E. T. CARPENTER. 
Yosemite Park and Curry Co., 
Yosemite National Park, Calif. 


How Trouble on 
A. C. Crane Was Corrected by 
Dynamic Braking 

CRANE handling loads of vari- 

ous weights gave serious trouble 
when lowering the extra heavy loads. 
A description of the method used for 
correcting the trouble may be useful 
to others having similar operating con- 
ditions. The crane in question was 
equipped with a 60-hp., 600-r.p.m., 440- 
volt, three-phase, 60-cycle, wound-rotor, 
induction motor having a 1-hr., 50-deg. 
C. raving. When lowering ordinary 
loads, no trouble was experienced, but 
when an extra heavy load was low- 
ered, the motor speed was increased to 
runaway proportions. On several oc- 
casions, the excessive speed caused the 
rotor to burst with resulting damage 
to the stator. Heavy bands on the 
rotor corrected this trouble temporarily, 
but it was considered advisable to limit 
the motor speed to such a degree that 
there would be no danger of a repeti- 
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tion of this trouble. Furthermore, some 
of the heavy loads had to be deposited 
on the floor very carefully. 

The operation of the hoist motor had 
been controlled by a drum controller 
which varied the resistance in the rotor 
circuit of the motor. By referring to 
Fig. 1, it will be seen that in hoisting, 
the drum put the power on the stator 
through contact fingers 8, 6 and 9 as 
soon as the drum was moved to the 
first point of hoisting. On this point 
all of the resistance between R, and R. 
was in series with one phase of the 
rotor circuit. As the drum was moved 
toward the eighth point, resistance was 
inserted in the other two phases and 
then gradually cut out until on the 
eighth point all of the resistance was 
cut out, thus giving the highest hoist- 
ing speed. 

The same arrangement was in use 
on the lowering side of the controller; 
hence the motor would drive the light 
hook down under power, the slowest 
speed being obtained when all of the 
resistance was cut into the rotor cir- 
cuit and the highest speed occurring on 
the eighth point when all of the resist- 
ance was cut out. , 

With a heavy load on the hook, the 
situation was, however, quite different. 
In this case the load pulled the hook 
down and overhauled the motor, there- 
by causing it to speed up. As soon as 
the speed became greater than the syn- 
chronous speed of the motor, the lat- 
ter acted as an induction generator and 
pumped power back into the line. This 
action served as a brake, preventing the 
motor from attaining a higher speed. 
Under these circumstances the slowest 
motor speed and the greatest braking 
effect occurred when the resistance was 
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Fig. 1—Drum controller arranged 
for applying dynamic braking to 
a. c. crane motor. 


In the original arrangement the 
hoist side and the lower side of the 
controller were the same. By 
changing the lower side of the con- 
troller so that d. c. excitation in 
piace of alternating current could 
e applied to the stator on contact 
fingers 5 and 8, dynamic braking 
was obtained. Resistance was in- 
serted in the d. c. supply s0 as to 
limit the direct-current excitation 
to about 75 amp. This current is 
applied across one phase of the 
stator wine ne. giving about 12% 
volts drop in the winding. 


Vol.83, No.9 


all cut out, as on the eighth point of 
the lowering side of the controller. The 
speed-torque curves shown at C in Fig. 
2 show the speeds that may be attained 
in lowering when the hook load is suf- 
ficient to overhaul the motor. In these 
curves torque in per cent of full-load 
torque is plotted horizontally and speed 
in per cent of rated speed is plotted 
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Fig. 2—Before and after perform- 
ance of crane motor. 


At A are shown the characteristic 
speed-torque curves of the motor 
during hoisting. The numbers placed 
beside each curve are the numbers 
corresponding to the point of the 
controller on which the motor gives 
this performance. With the original 
controller connections, these curves 
also applied during lowering, pro- 
viding the motor drove the light 
hook down. If the load was suf- 
ficient to overhaul the motor, re- 
generative braking was obtained 
and lowering was according to the 
curves shown at C. which are for 
regenerative braking. As can be 
seen, the slowest lowerin speed 
with maximum load was about 10 
per cent above synchronous speed. 
A speed of 100 per cent above syn- 
chronism was attained on the sec- 
ond lowering point of the controller. 
This was unsatisfactory, so dynamic 
braking was substituted for regen- 
erative braking during lowering. 
The characteristic curves for dy- 
namic braking as used on this con- 
troller and motor are shown at B. 
This gives accurate control of the 
motor between 5 and 100 per cent of 
rated speed when lowering. The 
seventh and eighth points of lower- 
ing did not use dynamic braking 
but were arranged to ve regen- 
erative braking so as to make it 
possible to drive the hook down in 
case the load was not sufficient to 
overhaul the motor. { 
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vertically. Inspection of the curves at 
C will show that the lowest speed ob- 
tainable when lowering an overhauling 
load is with all the resistance cut out, 
as on the eighth point of the controller. 
This is shown on curve 8 The speed 
at 100 per cent torque on the eighth 
point is 10 per cent above synchronous 
speed, as can be seen from the curve. 
The second point of the controller, as 
shown by curve 2 at C, gives nearly 
100 per cent above synchronous speed 
and the first point gives an even higher 
speed. The trouble had been caused 
by the operator trying to lower heavy 
loads on these points. It was decided 
that about 128 per cent of synchronous 
speed was as high as it was desirable 
to go when lowering the maximum load. 
In other words, the maximum speed 
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that was desired should not be higher 
than the minimum speed that was then 
obtainable. 

It was further decided to use dynamic 
braking during lowering so as to obtain 
this result. As shown by the charac- 
teristic curves at C of Fig. 2, it is the- 
oretically impossible to get less than 
synchronous speed when lowering any 
load by means of regenerative braking. 
Regenerative braking may be defined 
as braking obtained by operating an 
induction motor as an induction gener- 
ator. Since an induction motor must 
be run above synchronism before it 
acts as an induction generator, it can 
be readily seen that no braking action 
is obtainable below synchronism. On 
the other hand, dynamic braking con- 
sists of obtaining braking action by ex- 
citing the fields of a motor with direct 
current and pumping the generated al- 
ternating current through a resistance 
connected across the motor terminals. 
In this case the resistance was connect- 
ed across the slip rings and a controller 
was required that would operate the 
motor from the alternating-current 
supply in the usual way when hoisting 
the load, but excite the field with direct 
current when lowering the load. Such 
a controller is shown in Fig. 1. The 
controller that had been previously used 
had a development or arrangement of 
segments and contact fingers, that was 
the same on both the hoisting and low- 
ering sides. 

The new controller has the same de- 
velopment on the hoist side, but on the 
lowering side provision is made for ap- 
plying d. c. excitation to the stator 
winding on the first to the sixth points, 
inclusive. In moving the controller 
from the first to the sixth points when 
lowering, resistance is cut out of the 
rotor circuit, thereby causing less dy- 
namic braking and permitting the 
motor to lower at a greater speed. On 
the seventh and eighth points, the dy- 
namic braking circuit is broken and 
the stator of the motor is connected 
across the line so as to obtain regen- 
erative braking on these points, thus 
giving the same speed as was formerly 
obtained with regenerative braking on 
these two points of the controller. 

The advantage of dynamic braking 
over regenerative braking is seen at a 
glance by comparing the curves shown 
at C with those at B of Fig. 2. As 
can be seen from the curves shown at 
B, lowering speeds of as low as 5 or 
10 per cent of full-load speed can be 
obtained. In other words, with dynamic 
braking on points 1, 2, 8, 4, 5 and 6 
of the controller, slower lowering 
speeds are obtained than are possible 
with regenerative braking, as shown by 
the curves at C. 

Resistance was connected in series 
with the d. c. excitation so as to apply 
75 amp., at 12 ½ volts across one phase 
of the stator winding. With this ex- 
citation a minimum speed of 42 f. p. m. 
is obtained on the second point lower 
of the controller. Successive speeds of 
74, 107, 135 and 178 f.p.m., are obtained 
on points 8, 4, 5 and 6, respectively, of 
the controller. The final speed obtained 
on going to points 7 and 8 and using 
the regenerative action is approximate- 
ly 200 f.p.m. This arrangement gives 
a speed slow enough for lowering heavy 
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loads carefully and also, if desired, a 
speed fast enough for lowering a light 
hook is obtained by using the seventh 
and eighth points of the lowering side 
of the controller. Points 7 and 8 of 
the lowering side of the controller give 
regenerative braking if the load over- 
hauls the motor, and if the load does 
not overhaul the motor, the motor will 
drive the light hook down. 

A mechanical] load brake might have 
been used instead of dynamic braking. 
With this type of brake, it is necessary 
for the motor to exert positive torque 
when lowering a light hook. This 
method was not considered here because 
the crane was subjected to continuous 
heavy service and it was thought that 
the wear and tear on a mechanical de- 
vice would give more trouble than 
either regenerative or dynamic brak- 
ing, which accomplishes braking with 
absolutely no mechanical friction and 
requires no periodical adjustment or re- 
placement of parts. 

R. F. EMERSON. 
Industrial Engineering Dept., 


General Electric Company, 
Schenectady, N. Y. 


Current Values Required to 


Fuse Solid Copper Wire 
HILE the use of copper wire for 
fuse purposes is to be discouraged 

just as much as possible, occasions do 
arise when, due to an emergency or 
other good reason, it becomes necessary 
to use it temporarily for this purpose. 
In the absence of definite information 


Fusing Current of 
Various Sizes of Copper Wire 
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as to the current required to fuse a 
given size of bare copper wire, it is 
necessary to guess at the proper size of 
wire to use and serious errors may be 
made, as the usual tendency is to select 
wire that has a current-carrying ca- 
pacity considerably in excess of the de- 
sired value. Various other occasions 
arise from time to time when a knowl- 
edge of the maximum current-carrying 
capacity of wire of different sizes is 
very useful. 

Tests on wire of the different sizes 
given indicate that the average current 
required to fuse them is as shown in 
the table. These values apply only to 
bare copper wires. If they are en- 
closed or covered, the current value re- 
quired to fuse them will be several per 


cent lower. FREDERICK KRUG. 
Supt. Power Construction. 

Porto Rico Ry., Light & Power Co., 
San Juan, Porto Rico. 
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Unusual Combination of Motor 


and Starter Trouble 


HEN emergency replacements of 

damaged equipment are made it 
is well to see that the equipment which 
is put in is fitted in every respect to 
the service and to the controlling and 
other related equipment. Failure to do 
this may cause delays and expense out 
of all proportion to the original cause 
of the trouble. The truth of this is 
shown by a recent experience. 

A 3-hp. motor had for some time 
driven a lineshaft to which were con- 
nected several machines including a 
heavy grindstone, which added little to 
the load but which had to be started 
slowly in order to avoid throwing its 
belt. This condition imposed extra duty 
on the 3-hp. starter and the resistance 
coils sometimes burned out. On one of 
these occasions a 74%4-hp. starter was 
substituted for it, but the motor was 
not changed. 

This starter was of the type that has 
the no-voltage release coils in series 
with the motor shunt field winding, and 
as the coil had too few turns to be 
strong enough when energized by the 
smaller current of the 34%-hp. motor, 
the rheostat handle was tied over with 
a string. One day voltage left the line 
and returned before anyone thought to 
open the line switch. The motor blew 
up and was replaced with a 15-hp. mo- 
tor, the 744-hp. starter being left in 
place. The no-voltage release coil of 
this starter was unable to stand the 
field current of the 15-hp. motor and a 
coil lead was burned off, thus opening 


the field circuit while the motor was 


running. This caused the motor to 
flash over to ground and blow the fuse. 

There was nothing seriously the mat- 
ter with the motor, which could have 
been cleaned and put back in operation, 
although it appeared to be much worse 
off than it really was. In desperation 
the electrician installed a 20-hp. motor 
and starter that happened to be on 
hand for another purpose. Unfortu- 
nately, this motor was compound 
wound and, as luck would have it, it 
was connected for the wrong direction 
of rotation. As there was no room to 
turn the motor end-for-end, the shunt 
field connections were reversed in or- 
der to reverse the direction of rotation. 
This placed the shunt and series wind- 
ings in opposition, which was trouble 
enough in itself; but to make matters 
worse, in changing the shunt field con- 
nections an armature and field lead be- 
came interchanged. The result was 
that the armature was in series with 
the no-voltage release coil, while the 
rheostat resistance was in series with 
the shunt field winding. The no-volt- 
age release coil burned out at once. 

By this time the original 3-hp. motor 
and starter had been received from the 
repair shop. After they were installed 
there was no further trouble. The ex- 
pense and delays which this series of 
misfortunes occasioned were far in ex- 
cess of what they should have been and 
were considerably increased by the 
necessity of finding or making pulleys 
that could be used with motors of dif- 
ferent sizes and speeds to give some- 
where near the lineshaft speed desired. 
Brooklyn, N. Y. J. A. HORTON. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Special Base Makes 
Portable Motor Stationary for 
Temporary Drives 


ANUFACTURERS of special ma- 

chinery and machine tools prac- 
tically always operate the machine for 
a short time to see that it works prop- 
erly before it is packed for shipping. 
In some cases, the machines are so 
placed that they may be driven from a 
lineshaft. On larger machines, how- 
ever, this is more difficult and the usual 
practice is to line up a motor so as to 
drive the machine where it is sitting. 
One problem that is often troublesome, 
is in providing a temporary mounting 
for the motor that will keep it sta- 
tionary, particularly if small size mo- 
tors are to be used. The accompanying 
illustration shows how one company 
which manufactures a line of special 
machinery for making baskets, boxes, 
fibre containers and other similar pack- 
ages, has solved this problem. 

Here the motor with its controller 
are mounted on a solid cast-iron base 
weighing 1,800 lb. This is heavy 
enough to hold the motor against any 
belt tension. When moved this motor 
base is supported by two small rear 
wheels, one of which is shown in the 
illustration, and the special Howe truck 
handle manufactured by the Howe 
Chain Co., Muskegon, Mich. This truck 
handle, shown attached to the front of 
the base, is provided with a single 
wheel and is hooked into a bracket 
bolted on the front end of the base. 
Pushing down on the handle elevates 
the front end from the floor so that 
the entire motor and its base may be 
pulled about wherever desired. The 
rollers on the rear of this base are 
mounted eccentrically on a shaft. Pull- 
ing back on the handle, shown attached 
to the roller, lowers the base onto the 
floor. 

Whenever a machine is assembled 
and ready to be tested out one of the 
three portable motors which are mount- 
ed on the bases described above, is 
placed in line with the machine, belted 


up and placed flat on the floor by re- 
moving the handle and throwing over 
the eccentric rollers. Power is obtained 
by plugging into a nearby socket. These 
sockets are of the Ralco safety type 
with an extra wire for grounding the 
frame of the motor. 

Two of the three portable motors are 
of 8-hp. and the other is of 6%-hp. 
rating. These are General Electric 
multi-speed motors connected to Gen- 
eral Electric drum-type controllers 
which give speeds of 600, 900, 1,200 
and 1,800 r.p.m. The motors operate 
on 220-volt, three-phase, 60-cycle cur- 
rent. Additional variations of speed 
may be obtained by using different 


By means of a portable motor, such 
as this, all new machines are given 
a running test. 


The cast-iron base upon which the 
motor and its controller are mount- 
ed weighs 1.800 pounds and is heavy 
enough to hold the motor firmly in 


place. The small rollers at the rear 
of the base are mounted on eccentric 
shafts, by adjusting which the base 
can be placed flat on the floor. 
These motors may be moved by the 
special handle and wheel at the 
front. This is removed when the 
motor is in use. 


sizes of pulleys. For example, each 
motor is fixed so that 6-in., 4 -in. and 
3%-in. pulleys can be used inter- 
changeably. 

Saranac Machine Co., 
Benton Harbor, Mich. 


L. C. SHEARER. 


Quick Method of Lagging Up a 
Metal Pulley 


ASTER mechanics are frequently 
called upon to build up a pulley 
to larger size. This may be due to 
accidents to existing pulleys, rush jobs 
or specials that require a different 
speed, distance from a source of supply 
from which the right size could be ob- 
tained if time were given, or possession 
of a pulley nearly right and the lack 
of willingness to leave this on the shelf 
when the desired size can be made by 
building up. 

In a general way, the method of do- 
ing such a job is well known but when 
it comes to giving a workman instruc- 
tions, he asks for definite sizes. The 
following is given to offer an example 
of good practice. There are two ways 
of doing this work. One way is to place 
a series of blocks crosswise of the pul- 
ley face. This requires a number of 
small pieces. The other method is to 
cut annular pieces which fit on the 
curve of the pulley. This requires only 
a few pieces according to the thick- 
ness and width of the lumber at hand 
and the face of the pulley. I consider 
the latter to be the preferable method. 

As shown by the drawing, only four 
pieces were required to lag this 16-in. 
pulley up to 20 in. in diameter and wide 
enough for a 3-in. belt. With pulleys 
of about this size this can be done 
when 10-in. to 12-in. planks are avail- 
able to cut from. Maple or cherry 
make the best job, but oak or gum 
can be used if maple is not at hand. 
Ordinarily 2-in. rough lumber will 
dress to the thickness required here; 
in fact, it could be left as 2-in. stock 
without dressing should the occasion 
require it because the mating surfaces 
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are drawn tightly together. In this 
case only one size of bolt (-in. by 
2-in.) is used. Bolts are double nut- 
ted where convenient to get at, to make 
the nuts less likely to loosen. The 
heads are countersunk deeply and pre- 
sent a safe working face. After bolt- 
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When emergencies require tempo- 
rary speed changes wood lagging, 
as shown here, may be built up 
quickly without permanent damage 
to pulley. 


ing on the pieces, the pulley is turned 
in a lathe. It will be noticed that there 
is a through bolt on each side of every 
joint and that the joints are staggered. 


Working Up Discarded Belts for 
Small Machine Drives 


AN Eastern machine shop works up 
discarded double leather belts in an 
interesting way. This shop has four 
long 8-in. discarded main belts that 
have supplied it with belt material for 
several years, although each of the in- 
dividual belts had previously given 
from 20 years’ service up. These belts 
are split and the single belts thus pro- 
, duced are used in the manufacturing 
department, where dozens of milling 
machines and drills use light belts, such 
as feed belts and spindle driving helts, 
of short length. On the drills, the 
typical drive is an open belt 1% in. to 
2 in. wide, on about 20-in. centers, and 
operating at high speed over rather 
small pulleys. Such work demands a 
flexible belt of considerable durability 
and chrome leather belts, made endless 
at the factory, had been used. 

The plan of using one ply of the old 
belts did away with expenditures of 
this sort. With a piece of the old belt 
and a can of cement, one of the repair 
gang makes up these belts in his odd 
ae and they serve the purpose 
well. 

The old double belts had been well 
taken care of during their life and 
were thoroughly run in. They had been 
removed because of the separation of 
the plies and the disintegration which 
followed. The men in this plant have 
found that they can get a lot of small 
belts out of the good pieces from a 
50-ft., 8-in., double belt. 

Another interesting point was noted 
in this same shop where several mill- 
ing machines are rigged up with rotary 
fixture tables which, of course, revolve 
slowly. The designer of these fixtures 
kept the old double belts in mind when 
he laid out their drive. The shafts driv- 
ing these rotaries are run at 10 r.p.m.; 
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ordinarily when a practical man gets 
down to 10 r.p.m. on small fixtures and 
has considerable power to transmit, he 
goes to gears or chains. This man, 
however, put a 9-in. pulley on his 10- 
r.p.m. shaft and drove it on 12-in. cen- 
ters from a 2%-in. pulley on a machine 
shaft that had ample power in it. Con- 
trary to the usual conception of such 
a “freak” drive, this one does not slip 
and the belt is not stretched to the 
breaking point. A 3-in. belt cut from 
this same old drive belt does the work 
and the way it walks through the cut 
is a pleasure as well as a revelation; 
it is so soft and flexible that every 
fiber is pulling and clinging to the 
pulleys. 

These drives cost practically nothing 
because the old belt and old pulleys 
were on hand, but for all practical 
purposes they are operating 100 per 
cent efficient. 


Mounting a Motor with a Belt 
Guard to Give Headroom 


ANY buildings that are used for 
industrial purposes were never 
es 


igned for such service. To get 
power, light, ventilation, and transpor- 
tation in such places has brought out 
a wealth of engineering and architec- 
tural genius from many practical shop 
men. For example, in one plant it was 
decided to do some manufacturing in a 
room that had formerly been used as a 
storeroom. 

A layout of the proposed machine 
arrangement and a survey of the rooom 
showed that a line of shafting would 
have to be put in near one side of the 
room, and that the driving motor would 
have to be mounted on the other side, 
either on the floor or placed higher up 
on the wall or ceiling. The objection 
to this was that a factory trucking 
route through the center of the room 
could not be changed. This trucking 
aisle would also become the main aisle 
for the manufacturing operations. 

To place the motor on the floor would 
require an inclined belt drive that 
would cut off the aisle entirely, and so 
could not, be considered. There re- 
mained the alternative of hanging the 
motor from the ceiling or of placing it 
on a bracket that would put it at the 
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The trucking aisle and the low ceil- Yi 
ing put limitations on the location | pi 
of the motor. 7 


The master mechanic did not want ; 
to mount the motor on ne ceiling zi 
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which are not easy of access are p 


because he believed 


neglected. 
the problem by protecting 


the motor to be mounted 
enough to be easily accessible. 
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same height. Either method would 
raise the lower side of the belt so that 


it would not interfere with the use of 


the aisle. 

The master mechanic strongly ob- 
jected because he believed that if a 
motor is placed at the ceiling, it is sure 
to be neglected. It is so high up that 
the oiler cannot get his head above it 
to see in the oil wells, and is bump- 
ing himself while working around it. 
He believed that a motor should be 
placed so that it is “get-at-able” and 
can receive personal attention, or it 
will not get cleaned or oiled or in- 
spected as would a motor that is within 
reach. His solution of this problem is 
shown by the accompanying drawing. 

A platform was erected along the side 
wall and the motor base bolted to it. 
This brought the motor about 2 ft. 
down from the ceiling and automati- 
cally removed the objections of the 
master mechanic. The lower run of 
the belt was then horizontal and about 
6% ft. from the floor. This was high 
enough to clear the head, but it would 
not have been good practice to allow 
a fast-running belt so close to a pas- 
sageway, nor would it have passed 
safety inspection. A guard was im- 
perative and was placed around the belt 
as shown. 

The low belt, when guarded, per- 
mitted freer operation than would have 
been the case with a belt left un- 
guarded and placed a little higher. The 
under side of the guard was a little 
over 6 ft. high and tightly boarded so 
that no person of ordinary height 
would bump into it. Also, tight mesh 
sides were added so that there would 
be no danger even if a stray piece on 
a truck projected above that height, 
or if a hand were raised to signal. 
Traffic -and manufacturing operations 
could be pursued, freely. 

A further advantage besides those 
already mentioned, was found in hav- 
ing the motor low down: A man could 
give it all necessary attention while 
standing comfortably on a low box. 
The motor was out of the way, yet ac- 
cessible without lugging a ladder 
around. Its bearings could be felt with 
the hand, by standing on tiptoe. 

DONALD A. HAMPSON. 
Plant Superintendent, 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Attaching Divided Compart- 
ments to Tool Drawer 


LTHOUGH the common method of 
keeping separate small screws, 
nuts, washers, lock washers, cotter pins 
and other small parts varying in size, 
is to use small pans, divided into sec- 
tions, there are times when it is desir- 
able to have such a compartment for 
small parts either in or attached to a2 
tool drawer where they may be locked 
up. How this Was done in one shop is 
shown in the accompanying sketch. 

A box was divided into small com- 
partments and provided with drawer 
ledges as shown. The front edge of. 
the compartment drawer is also d 
with a small extension on the front 
The drawer ledge 


of the bench. 
front of the drawer in connection with 


a similar piece on the bottom of the 


bench drawer provides a means for at- 


"Parts box 
fitted in guides 
under bench 
drawer 


Leages for guides’ f 
Extension for handling and locking’ 


A compartment drawer is a con- 
venient place to store small tools 
or loose parts. It can easily be re- 
moved and placed on the bench top, 
if desired, or may be locked up. 


In the Repair Shop 
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This section is devoted to repair work, large a 
cial attention is given to shop or bench tools 
Contributions are always welcome. 
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taching a padlock if it is desired to 
lock it up. The extension also makes 


A locked storage 
may be provided at only a small addi- 
to the regular bench drawer. 
attachment is made rather close fitting, 


there is no danger of losing any of the 
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dents in finished 
metal, it is desirable to have an extra- 
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Rubber Head on Hammer for 
Use on Finished Surfaces 


CCASIONALLY, in repair work, 
particularly when hammering out 
or enameled sheet 


soft faced hammer. If the repair men 
do not have hammers of this sort, 
substitutes can be made by forcing & 
rubber tip, such as is used on the legs 
of bath stools and on the end of 
crutches, over the end of an ordinary 
machinist’s hammer. 

Rubber-tipped hammers also may be 
used for a number of other purposes 
such as for hammering finished wood- 
work to force it into position and for 
pounding on other finished surfaces. 


Laying in a Chorded Split-Loop 


Winding 
Tab accompanying diagrams and 
tables give a very easy method of 


` laying out and winding chorded split- 


loop windings. 

Let us first examine the method of 
laying in the winding. The start of the 
winding is at & in diagram A of Fig. 1. 
The first coil is wound in slots 1 and 6 
and ends at Fi jn the bottom of slot 6. 
Fi is connected to S?, the start of the 


Fig. 1.—Steps in winding a chord- 


At A is shown the first parallel pair 
of coils placed in the armature 
slots. The location of the third coll 
is shown in B. O shows the fou 
coil wound in. 
coils constitute the second parallel 
air of coils. In D the fifth and 


p 
sixth coils have been wound in. 


half coil 
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second coil. This coil is wound in slots 
7 and 12, and ends at F” which is con- 
nected to S’, the start of the third coil. 

Diagram B of Fig. 1 shows the third 
coil wound in and the start of the 
fourth coil, 8“ in the top of slot 6. In 
diagram C, the fourth coil has been 
completed and the fifth coil started at 
the top of slot 11. Diagram D shows 
the manner of laying in the fifth and 
sixth coils.. Fig. 2 shows the com- 
plete winding diagram, with the wind- 
ing starting at the bottom of slot 1 
with lead S* and finishing at the top 
of slot 7 with lead F™. 

It will be noticed that the coils are 
laid in in parallel pairs. For instance, 
coils 1 and 2 are parallel to each other 
as shown in diagram A of Fig. 1; like- 
wise coils 3 and 4, in diagram C. 

After the first two coils are put in, 
it will be noticed that the slots are 
filled up as the winding progresses and 
that most of the top leads are brought 
out on top of the coil. This makes it 
easy to put them down and make a 
nice looking job when finished. 

After once becoming familiar with 
this type of winding, a winding dia- 
gram such as shown in Figs. 1 and 2 
is not needed. The accompanying table 
gives all data that the winder needs. 

As an example of the use of the 
table let us lay out a winding for the 
armature shown in Figs. 1 and 2. Since 


Fig. 2—Complete winding diagram 
for a chorded split-loop winding. 
In this diagram the top half-coils 
are represented by black dots, while 
the circles with crosses in them in- 
dicate the location of the bottom 
half-coils. Si is the start of the first 
coil, Fi is the finish of the first coil. 
S? is the start of the second coil and 
so on through the winding. 


this armature has 12 slots, we refer to 


the 12-slot column of the table and 
find that the winding has 12 coils 
wound in six parallel pairs. Reading 
down this column we find the number 
of the slot for the start and finish of 
each coil. It is interesting to note that 
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with this type of winding, the last coil 
will always start in slot 2. 
Wilkinsburg, Pa. A. C. Rog. 


Banding a Large Armature 
Under Difficulties 


HAT necessity is the mother of 

invention, is frequently demon- 
strated in the small motor repair shop, 
where the armature winder is often 
confronted with a serious lack of equip- 
ment. It is here that “Mother Neces- 
sity” often calls the workman’s in- 
ventive powers into action. 

Recently in a small shop it happened 
that a large armature ready for band- 
ing was found to be much too large for 
the only lathe in the shop. By the fol- 
lowing method no time was lost in over- 
coming this difficulty. 

The armature was placed on two 
stout horses directly in front of the 
lathe, the commutator lined up with 
the chuck and the horses blocked top 
and bottom to prevent slipping. After 
padding the commutator with canvas 
to prevent damage, a belt was run 
over the chuck of the lathe and the 
commutator of the armature to be 
banded. This makeshift took but a 
few minutes to erect and proved 
satisfactory. . MAURICE M. CLEMENT. 
Long Beach, Calif. 


Starting and Finishing Slots for Each Coil of a Chorded Split-Loop Winding 
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Finish.“ 


refers to the number of the slot in which 
the coil starts and to the number of the 


slot in which the coil finishes. 


The first line in each column gives the 


winding pitch. 
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in the horisontal 


lines in the 
labelled with the given number of 


column 
slots. 


Note that with this t. of winding, the 
indi Agen A 


last coil of the 
slot 2. 


ways starts in 


18 SLoTs| 20 SLore 22 SLors|24 SLoTa |26 SLoTs |28 SLors 30 SLoTs |32 SLoTs |34 SLors |36 SLors 


454 


Hoods 
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Collector Nod 


Collector No.2 


Fan No.2 


Sometimes it is advisable to divide an exhaust sys- 


more smaller systems. 


When it is nece 
it is frequently 
in series, 


Handling Materials 
by Air 


(Continued from page 481.) 
used to handle shavings except that 
special fans are required with vanes 
which will not catch stringy mate- 
rial, as in this type of conveying 
the material passes through the fan. 
The advantage of this is that the 
material is kept clean and can be 
moved quickly and economically. 
In some cases, particularly where 
the material does not contain dust, 
the storage rooms serve as a sep- 
arator. 

The other two methods of pneu- 
matic conveying are generally used 
in connection with materials or 
products which have more OF less 
powdered or pulverized material in 
them. One of these is known as the 
vacuum system and the other as the 
pressure system of pneumatic con- 
veying. The vacuum system con- 
gists of a pipe or hose, the end of 
which is inserted into the loose ma- 
terial to be moved, a conveying pipe, 
a separating system and an ex- 
hauster. The arrangement of these 
varies somewhat to fit the problems 
of the installation and the material 
handled. 

In general, practically any heavy 
material is taken out of the line 
ahead of the exhauster. In some 
cases a filter is placed back of the 
exhauster to remove any fine dust 
before it is discharged into the at- 
mosphere. More frequently, some 
form of filter is placed in the line 


Cotton may be handled pneumati- 
cally at a very low cost. 


This illustration shows a part of the 
duct work and the cyclone col- 
lectors at the Valley Waste Mills, 
La Grange, Ga.. which collect and 
convey the refuse from the willow- 
ing machines. 


: Furnace 
long distance 
n 


just after the separator so that all 
dust is removed before entering the 
exhauster. The inlet to this sep- 
arator consists of a long pipe with 
several branches 80 that connections 
may be taken off for unloading at 
different locations. Such a system 
is very frequently used for unload- 
ing cars into storage and also for 
moving from storage to other places 
in the plant. Some of the various 
types of filters and separators which 
may be used in connection with a 
pneumatic conveying system were 
described in the article entitled, 
“Separating Dust from Air in In- 
dustrial Plants,” which appeared in 
the August issue of INDUSTRIAL 
ENGINEER. 

The capacity of such a system 
varies according to the distance 
handled, the material, and the diam- 
eter of the intake line. Material can 
be handled vertically as well as hori- 
zontally and the pipe lines may be 
located anywhere out of the Way. 
Such equipment is commonly used for 
unloading materials from cars and 
boats. In one case a conveyor line 
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The intake of the pneumatic han- 
dling system at the Charlottesville 
Woolen Mills. 


pipe which goes up through the 
Wall. Similarly the material is dis- 
charged wherever desired through 
various duct outlets. 


ee i i 
over 400 ft. long, which handles 


acetate of lime in a 2½ -in. pipe, 
conveys about 2½ tons an hour. 
About 19 hp. is required to operate 
the vacuum pump. This material 
varies from lumps the size of a bean 
down to fine material and weighs 
about 30 Ib. per cu. ft. In another 
case an aluminum company handles 
about 20 tons of bauxite per hour 
from the car to the separator which 
discharges into the storage tank, a 
total distance of about 142 ft. which 
includes a vertical lift of 72 ft. This 
material is extremely fine and 
weighs about 65 lb. per cu. ft. Two 
3-in. hose lines are used and about 
75 hp. is required to operate the 
equipment. 

The pressure system of pneumatic 
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low pressure. In the low-pressure 
system the blast is produced by a 
fan while in the other high-pressure 
blowers are used. With the low- 
pressure systems from 50 to 100 cu. 
ft. of air are required for every 
pound of material conveyed, depend- 
ing upon the weight and nature of 
the material, conveying distance, and 
so on. Under the high-pressure sys- 
tem from 2 to 10 cu. ft. of air are 
used for the same purpose. 

With the low-pressure pneumatic 
conveying system the velocity of air 
used may vary from a few hundred 
to 5,000 or 6,000 ft. per min. How- 
ever, under the high-pressure sys- 
tem the velocity ranges from 3,000 
to 20,000 ft. per min. Under either 
type of pressure system some means 
are used to feed the material into 
the pipe lines which at the same time 
does not permit the escape of the air 
and the lowering of the pressure. 
Generally the material is fed into the 
blast line through a specially-built 
ejector. 

The blast in a low-pressure system 
is produced by a standard fan and 
material is collected in a metal cen- 
trifugal separator. When the vol- 
ume of air handled and the pressure 
are comparatively low, galvanized or 
sheet-iron pipes are used for the 
ducts. On the high-pressure system 
the pipe diameter is small and the 
pipe is more substantial and may be 
placed in any position. In some 
cases, owing to the small volume of 
air handled under the high-pressure 
system, the material, if it contains 
only a small amount of dust, can be 
blown directly into the storge bin 
where most of it settles down. The 
air in the storage bin can then be 
pulled through a filter and the dust 
separated if necessary. In most 
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The fan and collector system at the 
American Seating Co., Grand Rap- 
ids, Mich. 

Here two large exhausters are in- 
stalled in the center of the collec- 
tion system and discharge into a 
dust separator. Each of these sys- 
tems is made up of several smaller 
inlets which discharge into them. 


cases the material goes through a 


separator which removes all of the 
coarse and some of the fine material; 
the fine dust is then removed as the 
air passes through a filter. The 
clean air is then drawn out through 
an exhauster. 

There is still another type of 
pneumatic conveying which is com- 
monly known as a pneumatic tube 
system. While these were originally 
installed in department stores for 
carrying cash to a central cashier’s 
office and the change back to the pur- 
chaser, they have lately been in- 
stalled in many industrial plants to 
carry production orders, or blue- 
prints, or other information between 
departments and factory offices, and 
in some cases to carry small tools. 
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In these systems use is made of a 
cartridge which fits snugly into a 
tube and is drawn along by with- 
drawing the air in front of it or 
pushed along by air pressure applied 
behind it. 

In plants generating their own 
power by steam, the handling of 
ashes enters largely into the problem 
of waste disposal, in those cases 
where coal is the fuel employed. 

While this is not strictly within 
the scope of the present article, it 
should be mentioned briefly, espe- 
cially in connection with pneumatic 
conveyors. Ashes are handled by 
manual labor in wheelbarrows and 
cars of various kinds, and also by 
various types of mechanical convey- 
ors, as well as current conveyors 
which include the hydraulic, vacuum, 
and steam-jet types of conveyor. 

Only the last two will be consid- 
ered in the present case, as these 
alone make use of principles already 
described. The vacuum conveyor 
consists of an air-tight storage tank, 
with a turbine or motor-driven cen- 
trifugal exhauster for maintaining a 
partial vacuum. From the tank a 
pipe line extends to the pits or fur- 
naces from which the ashes are to be 
removed. This line is provided with 
intake fittings at the proper points, 
which can be tightly closed when not 
in use. 

An air intake is essential at the 
extreme end of the line to main- 
tain the necessary current when the 
ash intake opening is practically 
closed by the ashes being fed through 
it. In order to remove the fine dust 
from the air passing from the tank 
to the exhauster it is necessary to 
install some form of washer between 
these points. 

The steam jet conveyor consists 
primarily of a line of pipe into 
which ashes are fed, and through 
which they are carried to a dis- 
charge point by a current of air sim- 
ilar to that in the vacuum system. 
In this case, however, the suction is 
produced by the aspirating effect of 
a steam jet placed just beyond the 
last intake opening on the storage 
tank side. The line from this point 
back to the air inlet at the end is 
called the suction line and that por- 
tion between the steam jet and stor- 


Handling waste paper by air in a 
paper mill. 

This shows pneumatic conveyor 
outlets for handling waste paper at 
the Michigan Paper Co., Plainwell, 
Mich. The paper is brought from 
the sorting room and discharged at 
various places in the room by means 
of regulating Jampers. 
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age tank, the discharge line. Ashes 
in the first portion are moved by 
suction, and in the second portion are 
driven by the force of the steam jet. 

No attempt will be made to com- 
pare the advantages and disadvant- 
ages of these two systems or to go 
into details of construction. The 
advantages of both as compared 
with mechanical conveyors of vari- 
ous types are their flexibility and 
ease of installation, as it is possible 
to reach almost any point and to 
move the ashes in any direction by 
the same equipment. Another im- 
portant point is the matter of clean- 
liness, which has a strong bearing 
on industrial establishments where 
dust and dirt must be avoided. Also, 
any gases which may be given off 
are sucked into the pipe and so re- 
moved. 

Handling materials by means of 
air has many advantages. Among 
the most important of these are: the 
flexibility of the system, the auto- 
matic removal of dust and fumes 
while handling, the small amount of 
moving parts and power used, and 
the economy which results largely 
from the smal] amount of labor re- 
quired in connection with the opera- 
tion. Industrial plants which have a 
problem in connection with handling 


EDITOR’S NOTE: Special acknowledg- 
ment is made to the following compa- 


this and other articles which have ap- 
peared in this series: The Air Condi- 
tioning & Engineering Co., St. Louis, 
Mo.; Allen & Billmyre Co., Inc., New 


N. Y.; Carrier Engineering. Corp., 
Newark, N. J.; The larage Fan Co., 
Kalamazoo, Mich. ; The Coolin 
Co., Inc., 
Recovering & Conveying Co., Cleveland, 
Ohio; Globe Ventilator Co., Troy, 
N. Y.; Green Equipment corp: Chi- 
cago, III.; Holly Pneumatic Systems, 
Inc., New York City; Ilg Electric Ven- 
tilating Co., Chicago, Ill.; The MacLeod 
Co., Cincinnati, Ohio; 
Electric Co., Cleveland, Ohio; Mellish- 
Hayward Co., Chicago, III.; Midwest 
Air Filters, Inc., New York City; 
D. J. Murray MF Co., Wausau, Wis.; 
The Northern Blower Co., Cleveland, 
Ohio; Research Corp., Chicago, III.; 
Reed Air Filter Co., Inc., Louisville, 
Ky.; P. H. & F. M. Roots Co., Con- 
nersville, Ind.; Spray Engineering Co., 
Boston, Mass.; B. F. Sturtevant Co., 
Boston, Mass.; Standard Conveyor Co., 
N. St. Paul, Minn.; The Temco Electric 
Motor Co., Leipsic, Ohio. 
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Steel Mill Motor 


Maintenance 
(Continued from page 426) 
presence of dirt may cause à failure, 
even when the machine is in good 
condition. While it is unfortunate 
that insulation must be subjected to 
the danger of breakdown in order to 
find out if it is in proper condition, 
this should not deter the operating 
engineer from making such tests at 

reasonably frequent intervals. 


VoLTAGE THAT SHOULD BE USED 
FOR HIGH-POTENTIAL TEST 


There is a variety of opinions as 
to the best percentage of operating 
voltage to apply when making a 
high-potential test. The double 
voltage applied when the apparatus 
is new is presumably a larger mar- 
gin of safety than is reasonable 
after the apparatus has been in serv- 
ice for a period of years. It is the 
writer’s opinion that 150 per cent 
of normal voltage is the minimum 
to which the insulation should be al- 
lowed to deteriorate. If the insula- 
tion will break down on the appli- 
cation of 150 per cent of normal 
voltage, the apparatus should be re- 
wound or some other radical steps 
taken. 

High-potential tests should be 
made with caution. The machine 
should be thoroughly cleaned. The 


Here is the air washer and blower 
installation used for supplying 
clean air to the hot sheet mill 


motor shown in the illustration on 
page 423. 
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insulation must be dry and show a 
good resistance value. When mak- 
ing tests the testing terminals 
should be placed on the machine 
while the circuit is dead and the 
high voltage applied by closing the 
low-voltage circuit breaker. When 
the test is completed the high volt- 
age should be removed by opening 
the low-voltage circuit first and then 
removing the test leads. 

The severity of the test depends 
to a marked degree upon the time 
the test voltage is applied. The 
writer would suggest that this test 
be applied for a period not longer 
than one minute. 

At regular intervals steel mill 
motors and electrical apparatus 
should be thoroughly overhauled 
both mechanically and electrically. 
The mechanical overhauling should 
include the tightening of all bolts 
and nuts, attention to bearings, 
shafts, couplings, alignment, bal- 
ance, air gaps, and the like. The 
electrical overhauling should give at- 
tention to all connections, commuta- 
tors, slip rings, insulation, etc. This 
should be done at least once a year. 
The insulating varnish mentioned 
above can be applied at this time and 
a high potential test may be applied 
to the insulation. Local conditions 
will dictate the time of year when a 
unit can best be spared for a long 
enough period to make the test or 
to make repairs in case of a break- 
down which might occur a8 a result 
of the test. - 

To sum up the situation, large 
steel mill motors generally do not 
show signs of distress until the 
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trouble has manifested itself in an 
actual breakdown. It is therefore 
essential to exercise considerable 
vigilance and maintain the motors in 
good condition if the user is to en- 
joy a maximum of service with a 
minimum of maintenance expense 
and delay in operation. 

A section devoted to the question 
of drying out machines may prop- 
erly come within the scope of this 
article. Machines may become wet 
due to some accident and they fre- 
quently are wet during the period 
of installation and before they are 
first placed in operation. If the ma- 
chines become wet at any time they 
should be thoroughly dried out be- 
fore being again placed in service. 
This can be done by applying heat 
externally or by circulating current 
in the windings. Drying out by ap- 
plying heat externally can be done 
by placing resistance grids under 
the machine to dissipate roughly 
about one kilowatt per 100-hp. 
rating of the machine. Care 
should be taken that no part of the 
hot grids comes in contact with the 
windings. The machines should be 
covered with a tarpaulin and an 
opening provided at the top to allow 
the escape of the moisture, other- 
wise, it will condense on the machine 
again as scon as the heat is discon- 
tinued. A thermometer should be 
kept on the machine and the tem- 
perature not allowed to exceed 100 
deg. C. unless it is known positively 
that the insulation is of such a na- 
ture that higher temperatures will 
not be injurious. 


The time required to dry out a 
machine thoroughly will vary from 
a few days to several weeks depend- 
ing on the size of the machine and 
the condition of the insulation when 
starting. Insulation resistance should 
be determined two or three times a 
day at uniform intervals during the 
period of drying out. A curve 
should be plotted using resistance as 
ordinates and hours as abscissae. 
Methods of taking insulation resis- 
tance have been described earlier in 
this article. 

Machines that have been dried out 
by applying external heat only may 
show a very good value of insulation 
resistance with a megger and still 
have moisture in the insulation next 
to the conductors. This is particu- 
larly true of high-voltage machines 
where the insulation is heavy and it 
is very. difficult to entirely dry out 
the moisture. Hence a much more 
effective method is to apply the heat 
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internally by circulating currents. 
Machines of 2,200 volts or higher 
can generally be dried by applying 
220 volts alternating current simply 
by connecting this circuit to the ter- 
minals without interposing resist- 
ance. The machines can be watched 
very closely at first by observing 
thermometers placed on the coils to 
make sure that they do not overheat. 
The application of current directly 
to the coils presupposes that the in- 
sulation is in good enough condition 
to withstand this low voltage. If the 
insulation is in poor condition, ex- 
ternal heat should be used until it 
is safe to apply a low voltage for 
circulating currents. The same 
process of taking readings of insula- 
tion resistance should be followed as 
has been described for external heat- 
ing, until the insulation resistance 
reaches a fixed value. 

The American Institute of Elec- 
trical Engineers recommendation 
for insulation resistance is: Meg- 
ohms = Voltage — (Kva. + 1,000). 
This value seems to be low and for 
some mill apparatus, particularly 
2,200-volt machines, the machines 
should show at least one megohm per 
1,000 volts. These values are not 
given with the understanding that 
the drying-out process should be 
stopped when these values are 
reached, but in every case, the 
process should be continued until a 
constant value is obtained. If this 
constant value does not equal that 
given above, the manufacturer of 
the apparatus should be notified. 


Problems of Steel 
Mill Operation 


(Continued from page 414.) 

More attention is being paid to 
the remainder of the switching 
equipment. One operator told of 
using an interlocking system on his 
disconnects whereby it was impos- 
sible to unlock the enclosures around 
the disconnects until the oil switch 
had been opened. At another instal- 
lation in the Pittsburgh district the 
disconnects are gang operated. The 
switchboard operator opens or closes 
the disconnects manually, but at a 
distance from them. An auxiliary 
switch is so arranged that when the 
disconnecting switch blades are 
moved a short distance, and before 
they are open, it will complete the 
trip circuit on the oil switch, there- 
by opening the latter. 
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More interest is also being shown 
in the arrangement of buses and 
their bracing so as to give additional 
strength against short-circuit condi- 
tions. This is in line with the in- 
creased attention that has been paid 
to the rupturing capacity of circuit 
breakers, which has been mentioned 
previously in this article. 

Most of the foregoing develop- 
ments in substations have been 
brought about as the result of a de- 
sire for increased reliability of 
operation and safety to the operat- 
ing personnel. One plant in the 
Chicago district that is not using 
truck-type switchboards, is using re- 
mote control for all circuit breakers, 
including all of the alternating-cur- 
rent and direct-current feeders, the 
carbon circuit breakers on the gen- 
erators of motor-generator sets, as 
well as the magnetizing, starting, 
and running switches for the 
synchronous motors on these sets. 
The electrical superintendent in 
charge of this plant said that not 
only did this provide greater safety, 
but that it also greatly simplified the 
arrangement of the buses and 
feeders. 

The search for the best all- around 
system of yard transportation con- 
tinues slowly because of the exces- 
sive investment charges. Installa- 
tions of third rail systems have been 
made, and have seemingly demon- 
strated that they can be operated 
without excessive danger to em- 
ployees. A plant in the Youngstown 
district is trying out a storage bat- 
tery locomotive for this work. Con- 
siderable interest was expressed by 
several operators in the Diesel-elec- 
tric locomotive, the development of 
which is proceeding very satisfac- 
torily. When production permits 
reasonable first cost, its very attrac- 
tive operating characteristics will 
undoubtedly bring it into general 
use in steel plants. 


TRENDS IN USE OF ELECTRIC HEAT IN 
STEEL MILLS 


The use of arc welding as a means 
of repairing worn and broken parts 
in steel mills has shown a great in- 
crease during the past year. The 
savings effected by arc welding a 
single worn or broken part have in 
a number of instances more than 
paid for the first cost of the welding 
equipment. Automatic are welding 
is being used in some plants for 
building up worn shafts. and for 
similar operations. 

Conditions in the development of 
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arc furnaces for melting steel and 
iron have become fairly well estab- 
lished. There continues to be a 
steady, although slow, development 
of low-frequency induction furnaces 
for making high-grade steels and 
alloys. The field of the high-fre- 
quency induction furnace, however, 
has shown one of the most interest- 
ing developments of recent years. 
For many years it was thought that 
the high-frequency induction fur- 
nace could not successfully melt 
metals at frequencies lower than 
5,000 cycles. However, it has been 
recently demonstrated that fre- 
quencies approximating 500 cycles 
will melt metals on a commercial 
basis with good efficiency. 

With the expiration of patents 
covering certain alloys of great 
value for use in resistor units, a new 
impetus has been given to annealing 
and heat-treating furnaces. 

Furnaces of large capacity with 
temperatures of 1,800-2,000 deg. F. 
are being installed in considerable 
numbers. Two electric furnaces for 
the continuous hardening, quenching 
and tempering of carbon-steel wire 
have been recently installed in wire 
mills. This process is said to result 
in a higher quality of wire than 
when the latter is treated in a gas- 
fired furnace. 

Considerable interest has been 
displayed in an electrically-heated 
soaking pit which was installed by 
the Donner Steel Company a little 
over a year ago. These pits are 
heated with resistor-type units. The 
principal advantages claimed for 
this type of pit are more uniform 
heating due to accurate control of 
temperature, elimination of scale 
while in the pit, elimination of cut- 
ting of the ingot as in the case of 
sharp gas flames, and production of 
a better surface on the blooms. 
There is also a saving in space over 
gas-fired pits as well as a saving in 
foundations. When taking into con- 
sideration the saving in scale and 
with the usual cost of steel mill 
power, it is said that the cost of 
heating is less than by any other 
means, provided the ingots can be 
charged into the pits at such tem- 
peratures as are now common in 
steel mill practice. One steel mill 
engineer interviewed was particu- 
larly interested in the scale saving. 
This he said was an important fac- 
tor in heating alloy steel such as is 
the product of his plant. . 

Reduction of inventories is being 
considered more carefully than ever 
before. It is hard to reduce inven- 
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tories of spare parts after an in- 
stallation has been made, but quite 
often a little foresight at the time of 
making an installation will save 
much money in spare parts. One 
engineer interviewed said that he 
was purchasing his motor equipment 
for a given installation at the very 
last. At this time he knows all of 
the details on all drives. It is then 
quite often possible to standardize 
on the capacities of motors required. 
Also, at this time it is usually pos- 
sible to lay out the drives so as to 
cut down the number of speeds re- 
quired. Similar capacities and 
types of motors are then purchased 
from only one manufacturer. The 
same is true of control equipment. 
Another engineer stated that he 
was standardizing on the sizes of 
large motors as much as possible. 
He was also having this standardiza- 
tion carried to the bearings, coils 
and other parts of the motors. He 
said that by cutting the variety, 
sizes and types to a minimum he had 
been able to effect a saving of 50 
per cent in the amount of spares 
mentioned in the original proposal. 


This, all of us will agree, was 
decidedly worth while. 
Pointerson Winding 


D. C. Armatures 


(Continued from page 435.) 

(2) When the center line of the coil 
falls on the mica, bar M is located by 
the use of the following formula: (lead 
pitch active coils per cell) 2. For 
example, assume that there are 47 
slots, 93 bars, two coils per cell, one 
dead coil, coil pitch 1-and-11, or 10, 
lead pitch 1-and-47, or 46. The center 
line will fall on mica and slot, and 
slot F equals (10+2)—2—6; bar M 
equals (46-+-2)-_2—24. Bar N equals 
25, and bar P equals 47. 

The above rules and formulas use 
the center line of the coil for laying 
off the winding data and can be used 
for any number of poles. The slots 
and bars should be marked as 
already explained. 

The marking of the winding data 
on the core and commutator has the 
following advantages: When a sam- 
ple coil is brought in from the coil 
department to check for throw, end 
room, etc., there is no time lost hunt- 
ing up data, as the coil pitch is 
stamped on the core and the use of 
one cross on either side of the bot- 
tom slot also tells the coil man 
whether the coils should be right- or 
left-hand. In plants that do their 
own winding the marking of the 
slots eliminates the necessity of tak- 
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ing data the second time the arma- 
ture comes in the shop for rewind- 
ing. All that is necessary is to 
check the lead pitch and the mark- 
ings on the commutator in relation 
to the core markings to insure that 
the data have not been thrown off 
by commutator repairs. This check 
will only take about ten minutes to 
make and then the armature can be 
stripped by cheap help. Also, on 
four-pole machines the proper lead 
pitch is insured. 

Next, we come to the cases where 
a half-idle bar is used. This type 
uses the diagram shown in Fig. 3 B 
and the rules governing the number 
of coils per cell, coil and lead pitch, 
line up of coil center line, etc., are 
the same as were given in connection 
with Fig. 3D, July issue, page 334, 
except that bar M equals [(commu- 
tator pitch) ＋ (number of active 
coils per cell) — II —2, and bar S 
equals (commutator pitch number 
of active coils per cell) 2, and bars 
x and y are connected together by 
means of coils 1 and 2. The first 
single coil to the left in the bottom 
of slot 1 should have its bottom lead 
cut off short, that is, not brought out 
to the commutator, and this short 
coil soldered to the adjacent coil lead 
in the same slot and to the right. 
Then the half-idle bar will be either 
bar x or y. These two bars should 
be considered as one bar in counting 
off lead pitch, etc. When stripping 
an armature that has one turn of 
strap copper coils and where it is de- 
sired to reinsulate the coils and use 
them again and the armature has a 


-half-idle bar, the bottom coil leads 


should be numbered, calling the 
strap connecting to bar 1, (Fig. 3 
B,) No. 1, to T, No. 2, and to R, 
No. 3. Continue the lead marking 
until past bar x. The reason for 
this is that due to the bottom lead 
being cut off, and the half-idle bar, 
the remaining leads are stretched 
one bar until past the data coil. If 
the coils from another section of the 
armature were used at this point, 
they would not extend out flush with 
the outside surface of the commuta- 
tor. In fact, a large number of 
winders mark all strap copper coils 
when reinsulating them, regardless 
of whether or not a dead coil or half- 
idle bar is used. This is a good 
policy to follow on old armatures, 
if the core is spread, but the start- 
ing slot should also be marked so 
that the winding will start in the 
same place on the core. Also, see 
that the coil leads are marked in the 
order in which they will be put back. 
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The top leads are generally the ones 
marked for left-hand coils. Start 
with the first single top coil to the 
left of the slot and call this No. 1, 
and make the numbers run clock- 
wise. Then when rewinding, put in 
the coil with lead numbers 1, 2, 3, 
first; then coil leads 4, 5, 6, ete. 
For right-hand coils, call the first 
single top coil to the right No. 1 
and mark the rest in a counter- 
clockwise direction. | 


Graphic Meters for 
Detecting Grounds 


(Continued from page 417) 


Chart B of Fig. 3 shows the record 
taken at No. 3 substation at the 
same time. The ground appeared 
on this chart at 3:30 p.m. but the 
deflection continued on the chart 
during the period between 3:40 and 
3:45 while the tie line connecting 
No. 2 and No. 3 substations was 
open. This clearly proved the trouble 
to be in the distribution from No. 3 
substation. 

These charts also showed that the 
ground was on intermittently as 
though it were a crane or some other 
start-stop drive that only operated 
for a very short period of time dur- 
ing its regular cycle of operation. 
Also, as can be seen from the charts, 
intermittent deflections are shown 
for a period of 20 min. which is fol- 
lowed by a corresponding idle period 
of 20 min. 

This enabled the men to know that 
the ground was on one of the two 
billet chargers, for only one is in 
operation at a time and the operation 
of each one is limited to 20 min. 
periods. 

Charts D and E, shown in Fig. 3, 
show the difference between a re- 
versing and a permanent ground. 
Chart D is a reversing ground of 
the type found on the brush holder 
of a crane motor. Chart E is a per- 
manent ground such as would occur 
from the grounding of a hot rail, 
feed line or collector ahead of the 
controller. Chart C of Fig. 5 shows 
a ground that reverses at intervals 
of about 10 min. and is of short 
duration. 

Chart F of Fig. 5 shows a chart 
taken from No. 5 sub-station. Just 
before 10 a.m. a ground appeared 
that was quickly located on the brush 
holder of No. 6 squaring shear 
motor. Twenty-five minutes later 
another ground appeared which was 
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not located and cleared until after 11 
o’clock. When traced down the 
ground was found to be on the trol- 
ley bar of No. 31 crane. 

An operating man must know the 
individual characteristics of his 
plant in order to derive full benefit 
from the graphic record of the 
grounds. However, a little study of 
the duration and interval of opera- 
tion of different machines will enable 
him to definitely locate a faulty 
motor without the usual troublesome 
opening of circuit breakers and 
switches in the various power dis- 
tribution stations and then haphaz- 
ardly guessing at the machine in 
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trouble until he finally locates the 
right one, which in some cases might 
be the last one tried. ö 

In the plant in which these 
graphic ground detectors are in- 
stalled there are 12,285 connected 
horsepower of motors. We find that 
with a graphic record of faulty d. c. 
equipment, the men follow up their 
work much closer. In addition to a 
material saving in maintenance 
costs, accurate records of all delays 
on d. c. equipment show that there 
has been a reduction of 26 per cent 
in production delays since the instal- 
lation of these graphic ground 
meters. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Wall Chart of Brush Styles—A 12-in. 
by 16-in. wall chart illustrates the 
different styles and types of carbon 
brushes and gives directions for or- 
dering.—Corliss Carbon Co., Brad- 
ford, Pa. 


Electrical Heating Unit—Literature de- 
scribes a new type of cartridge elec- 
trical resistance unit for industrial 
heating purposes.—Permway Electric 
Mfg. Co., 1921 Pine St., St. Louis, Mo. 


Speed Transformers—Catalog 111 de- 
scribes the construction and opera- 
tion of the Ganschow speed trans- 
formers which are made in the 
planetary, compound and worm gear 
types as well as a special angle type 
speed transformer. Numerous illus- 
trations, together with tables of 
dimensions and ratings, are included. 
—William Ganschow Co., 1001 W. 
Washington Blvd., Chicago, III. 


Electrical Supplies—The 1925-1927 cat- 
alog of electrical supplies contains 
the complete line of equipment and 
supplies manufactured and distrib- 
uted by this company. This publica- 
tion contains 1,200 pages, is pro- 
fusely illustrated with 4,500 engrav- 
ings, and lists all new apparatus 
designed and manufactured in the 
past two years as well as all the 
previously established types. Four 
indices for the convenience of the 
user have been included in the pres- 
ent catalog. These include a com- 
plete subject index, a style number 
index, an index classified by indus- 
tries, and a thumb index to the sec- 
tions.—Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


Speed Reducers—Bulletin 38 devotes 48 
pages to a description of the Falk 
herringbone speed reducers, their 
construction, operation, and advant- 
ages of the single-, double- and 
triple-reduction units. A number of 
installations are illustrated and di- 
mensions and specifications given 
for the different reducer units. The 


Falk-Bibby flexible couplings are also 
described.—The Falk Corp., Milwau- 
kee, Wis. - 

Switchboard Instruction Book—The in- 
stallation, operation and mainte- 
nance of switchboards is fully cov- 
ered in a new 120-page booklet, 
87000-E, which is profusely illus- 
trated with photographs, diagrams, 
tables, formulas and much other 
varied information of special value to 
those engaged in the construction, 
installation or operation of switch- 
boards.—General Electric Co., Sche- 
nectady, N. Y 


Composition Fiber Pulley—A circular 
describes the Petralyke composition 
fiber pulley for use on severe belt 
drives such as on drop hammers, 
motors, generators and other similar 
service.—The Petralyke Corp., South 
Milwaukee, Wis. 

Flexible Couplings—A circular de- 
scribes the construction, operation 
and lubrication of the Fast flexible 
coupling which consists of spur gear 
hubs mounted on the ends of each of 
the two shafts. The gear teeth on 
these hubs mesh into a floating sleeve 
with internal gear teeth which sur- 
round the two hubs. The shafts and 
sleeves thus revolve as one unit but 
allow for lateral and angular play. 
—The Bartlett-Hayward Co., Scott & 
McHenry Sts., Baltimore, Md. 


Testing Apparatus and Instruments— 
Circular 410 lists the different Biddle 
specialties for engineering and lab- 
oratory testing. James G. Biddle, 
1211-13 Arch St., Philadelphia, Pa. 


Insulating Varnishes and Compounds 
A recent 42-page booklet is more 
than a catalog of Ajax insulating 
varnishes and compounds in that it 
discusses, in addition to a description 
of each type of varnish and com- 
pound, the fundamental characterist- 
ics of insulating varnishes, gives an 
insulation guide and the character- 
istics of each of the baking and air- 
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drying varnishes in tabular form. In 
addition it gives general directions 
for the use of insulating varnishes, 
with suggested typical specifications 
for the varnish treatment of various 
types of electric motors, describes 
some common troubles found with in- 
sulating varnishes and discusses the 
method of testing these products.— 
The Sherwin-Williams Co., Cleve- 
land, Ohio. 


Polyphase Motors—Bulletin 38 de- 
seribes and illustrates the construc- 
tion of the Type SC, squirrel cage, 
polyphase induction motor which is 
constructed in ratings of % to 75 hp. 

- These are constant-speed, continuous- 
duty, open-rated motors.—Century 
Electric Co., St. Louis, Mo. 


Safety Limit Stop—Bulletin 1040-B 
describes and illustrates the Youngs- 
town safety limit stop for direct- 
current motors to prevent such acci- 
dents as the over-travel of electrical- 
driven machinery, particularly the 
over-hoisting of the hook blocks of 
electric cranes. This stop is made in 
three sizes; the No. 1 size is a new 
design of compact dimensions for use 
on small- and moderate- capacity 
cranes where space and mounting are 
restricted, while Nos. 2 and 3 are 
used on larger equipment.—The 
Electric Controller and Mfg. Co., 
Cleveland, Ohio. 

Friction Clutch—Circulars describe the 
new Hoerl friction clutch and cut-off 
coupling which is of the cone and 
lever type with a Raybestos friction 
lining. Dimensions and directions for 
ordering are included.—The Wolf 
Co., Chambersburg, Pa. f 


Bearings and Bushings—Circulars de- 
scribe the Ampco bearings, bearing 
metal and bushings, which are made 
of an alloy of copper, aluminum and 
iron. Instructions on how to order, 
and lists of the dimensions of bush- 
ing stock carried, are also given. 
Other circulars describe the use of 
this material in acid-resisting cast- 
ings, chains and hooks for pickling 
vats, acid valves and other purposes. 
—American Metal Products Co., 34th 
Ave. & Burnham St., Milwaukee, Wis. 

Standardized Substation—Bulletin 12 
describes a new line of standardized 
steel tower outdoor substations in- 
tended for installation by utilities 
serving, or customers buying, power 
from high-tension distribution lines. 
—Delta-Star Electric Co., 2433-2461 
Fulton St., Chicago, III. 

Constant-Speed Polyphase Induction 
Motors—Bulletin 143 describes the 
Type L, constant-speed, polyphase in- 
duction motors. These are made in 
ratings from K hp. to 75 hp., two 
and three phase, 110, 220, 440 and 
550 volts. Practically all ratings may 
be obtained in from two to four 
speeds.—The Robbins & Myers Co., 
Springfield, Ohio. 

Special Tooth Gears—cCircular 265-1 
and other literature describe the con- 
struction and use of the Maag-gen- 
erated, full-involute tooth gears. 
These gears are made in spur gear, 
herringbone or spiral forms and up 
to 40 ft. in diameter. The Maag 
tooth has an extra thick base, but is 


not a stub tooth.—Niles-Bement- 
Pond Co., 111 Broadway, New York 
City. 

Pneumatic Drills—Recent literature 


describes a new line of four-cylinder, 
reversible and non-reversible pneu- 
matic drills, which are equipped with 
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speed governors that automatically 
prevent racing the drills beyond the 
safe working speed.—Ingersoll-Rand 
Co., 11 Broadway, New York City. 


Portable Electric Drill—Special bulletin 
G-30 describes a new improved spe- 
cial %-in. drill, which is equipped 
with a universal, ball-bearing motor 
and is fitted with cord and plug, 
combination spade handle and breast- 
plate and three-jaw geared chuck. 
Other types of electric drills, bench 
drill stands, bench grinders, post 
grinders and other tools are also de- 
scribed.—The Standard Electric Tool 
Co., Cincinnati, Ohio. 

Seamless Metal Hose—Bulletin 201- 
29-A describes a flexible seamless 
metal hose or flexible pipe which is 
made by corrugating in spirals either 
seamless bronze or seamless steel 
tubing. Fittings are welded on and 
it is claimed that hose of double 
structure has been subjected to tests 
up to 10,000 lb. hydrostatic pressure, 
and to temperatures as high as 1,000 
deg. F.—Chas. Cory Son, Inc., 
183-7 Varick St., New York City. 


Special Machinery—An interestingly- 
illustrated booklet shows some of the 
facilities of this organization for pro- 
dueing heavy machinerx of special 
design. Dodge Manufacturing Corp., 
Mishawaka, Ind. 


Publishers Form Corporation to 
Cover Foreign Markets 


F SIABLISHMENT of the Business 
Publishers’ International Corpora- 
tion to meet more adequately the de- 
mand for specialized business publica- 
tions in the fields of overseas trade and 
industry has been announced by the 
McGraw-Hill Company and the United 
Publishers’ Corporation. They jointly 
will control the new organization. 

Three publications already in exist- 
ence form the nucleus of the new com- 
pany, which will maintain editorial 
and business representatives in the im- 
portant commercial centers abroad. 
The papers are Ingenieria Internacional 
(International ngineering), a 
McGraw-Hill industrial and engineer- 
ing monthly circulating in Spain and 
Latin America; El Automovil Ameri- 
cano and The American Automobile 
(Overseas Edition) in Australia, New 
Zealand, South Africa, India, Great 
Britain, Norway, Denmark, Holland, 
Belgium, in the Orient and in other 
territories. 

The new corporation is headed by 
Mason Britton, President, who is a 
Vice-President of the McGraw-Hill 
Company. John Abbink, until formation 
of the new publishing firm, Business 
Manager of Ingenieria Internacional, 
is Vice-President and General Man- 
ager. J. L. Gilbert, who was Business 

anager of the two automotive publi- 
cations, is Vice-President and Secre- 
tary. C. A. Musselman, President of 
the Chilton Class Journal Company, 
the automotive publications division of 
the United Publishers’ Corporation, is 
Treasurer. 

The Board of Directors includes, in 
addition to the officers, Charles 
Phillips, President of the United Pub- 
lishers’ Corporation; Malcolm Muir, a 
Vice-President of the McGraw-Hill 
Company; Philip S. Smith, Editor of 
Ingenieria Internacional; and George 
E. Quisenberry, Editor of El Automovil 
Americano and The American Automo- 
bile (Overseas Edition). 
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Planning a Line- 
shaft Installation 


(Continued from page 422) 


the best industrial operating prac- 
tice, generally, and while it may 
give the lowest first cost of the in- 
stallation it would probably be better 
to design the drive to operate at a 
higher belt speed. 

Still another important point to 
take into account is the proper loca- 
tion of the motor. Obviously it 
would be an undesirable type of 
drive to have the motor located at 
one end of the shaft and the heavi- 
est machine at the other. In such a 
case, if the machine produced shock 
loads, the twisting effort on the 
shaft would be extremely undesir- 
able. It is usually best to place the 
motor so that about an equal amount 
of power is taken off on either side 
of the pulley connected to the motor. 
A method of doing this graphically, 
which was also worked out by 
R. C. Moore, is shown in the illus- 
tration at the top of page 422. 

One of the advantages of group 
drive which was not mentioned is 
that the total horsepower required 
to operate the group varies from 
1/5 to 1/2 of that which is specified 
for the operation of each individual 
machine. One illustration of this 
fact as applied to a special group of 
small machine tools is shown in 
the table on page 421. 

Still another advantage of using 
a number of small group drives in- 
stead of one large group, is that pul- 
leys of standard bore in the small 
diameters may be used. Also, it is 
well to standardize on a few diam- 
eters of lineshaft so that a pulley 
may be transferred from one line- 
shaft to another. In many plants 
the storerooms are filled with pul- 
leys with odd-size bores, which will 
fit only on special shafts. This prob- 
lem is not so serious, however, where 
split pulleys and bushings are used. 

There are many factors, such as 
the building construction and plac- 
ing of the motor or shaft in a defi- 
nite location, which necessitate a 
compromise between the best and 
the necessary. On large installations 
of power transmission equipment it 
is advisable to consult with the 
manufacturer’s engineering staff. 


Ebrrok's NOTE: Special acknowledg- 
ment is made to K. W. Knorr, Engineer 
and District Sales Manager, Dodge 
Mfg. Co., Mishawaka, Ind., and to 
R. C. Moore, Chief Engineer, Chas. A. 
Schieren Co., New York City, for as- 
sistance in the preparation of this 
article. 
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Convey on Timken Bearings 


and you convey with less 
power, less lubricant, less 
stoppage. Timken Bearin3s 
in simplest mountings, take 
out the friction, belt-dra3, 
and the chance of flat spots. 
Timken Bearings carry 
the thrust loads. Leading 
Conveyor manufacturers 
provide Timken benefits. 
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Roller Bearing 


ÅLLIS-CHALMERS protects motor 
users with the strength and ac- 
curacy of electric steel frames 
and distortionless cores. Allis- 
Chalmers insures motor life with 
the silver-brazing process on 
rotor bars, with special baked 
insulation, with true uniform 
cooling. And now the advan- 
tages of anti-friction bearings 
are also obtainable in Allis- 
Chalmers electric motors. The 
established Allis-Chalmers lineis 
rounded out with Allis-Chalmers 
induction motors, equipped with 
Timken Tapered Roller Bearings. 
Here are motors that go months NB 
at least with no attention for 
greasing or inspection. Here are 
motors in which radial, thrust 
and shock loads are carried so 
compactly that shorter, stiffer 
shafts, with less overhang are 
possible. This improves drive 
layouts. 
And among the many other ad- 
vantages of these motors are the 
excellent starting characteristics, 
the tight bearing enclosure, and 
complete safety when mounted 
in any position. 
With these Timken-equipped in- 
duction motors added to the line, 
Allis-Chalmers excels in all 
types. Be informed on this latest 
Allis-Chalmers advance. Request 
descriptive bulletin, or make [it 
an appointment with an Allis- 2 
Chalmers representative. 


ALLIS-CHALMERS MFG. co. PSD 
Milwaukee di: 


District Sales Offices 
in all Principal Cities 
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Here Is a Short 


Message from 
Bettendorf, Ia. 


That Partly Explains the 
Efficiency and Team- 
work in a Large Indus- 
trial W orks Organization 


OT long ago I called on the 
works manager at the Betten- 
dorf Company near Davenport, 
Iowa, who is Pete“ Reck by name 
throughout that large institution. 
At a distance you might imagine 
that Pete is a hard-boiled individual, 
for he is large of stature and digni- 
fied in carriage, but when you shake 
his big hand and feel the warmth of 
his smile, all fear of just what to say 
vanishes without any effort. If you 
want to know anything about opera- 
tions in Bettendorf, Pete can tell 
you; but he does not hesitate to sug- 
gest that you might talk to his su- 
perintendents and he makes the way 
easy by furnishing the required pass 
to any or all of them. 
When you meet these gentlemen, 


WHO THOUGHT OF THAT ? 
hat idea may save 
the firm a lot of money 
and if you offered that 
suggestion there's going 
o be a lot of favorable 
“<= comment about you. 


Dont be afraid to SUGGEST | 


you find them of the same sort as 
the Boss: just regular fellows who 
know their stuff. And, somehow, 
after talking to these men, Betten- 
dorf did not have the cold and indif- 
ferent atmosphere that hangs over 
so many large industrial works, but 
I did not discover the reason until I 
returned to Pete’s office. There I 
happened to spy a large poster about 
30 in. by 40 in. in colors, that I have 
tried to reproduce on this page with- 
out the coloring. Just ponder over 
the message on this poster and then 
realize that the Bettendorf plant 
covers several acres of ground and 
employs thousands of men. Any 
works as large as this one where the 
management invites suggestions 
from its men, one and all, can’t help 
but produce men who work with 
their heads as well as their hands 
and such men leave the impression 


of their ability on the apparatus they 
turn out just as certainly as poor 
workmen leave their marks in misfits 
and troubles that come to light in 
time. 

The value of such teamwork 
among operators as exists at Betten- 
dorf cannot be estimated in dollars 
and cents, but it takes just such a 
man as Pete Reck to create and main- 
tain this teamwork. In leaving Bet- 
tendorf that night for other points 
West, I discovered this bit of wis- 
dom in a newspaper: 


We were sittin’ 'round a'talking. 
three other guys and me; the Fool I 
was; the Chap I am; the man I Hope 


„ to be. The Fool spoke up in whini 


voice as fools so often do, and said, 
“There isn’t any room in this big game 
for you.“ 

The Chap looked on with mournful 
eye, ’most ready to concede that what 

e Fool had said to him was just about 
his speed. 

The Man of Hope said smilingly, 
“That’s some philosophy, but what you 
did before I came don’t mean a thing 
to me. For oppor cently is not a ghost 
that knocks and runs away; she stands 
within a fellow’s reach a dozen times 
a day. Bout all you need is to recall 
the doctrine of the bold—put on a grin, 
spit on your hands and grab another 
hold.” | 

The spirit of this jingle on the 
part of workmen combined with the 
open-mindedness of the Bettendorf 
message on this page, is a sure cure 
for defeat for an individual or for a 
company—but in any plant this 
spirit may grow up and go to seed 
unless there is a Pete Reck to keep 
it alive. 

When you are anywhere near 
Bettendorf make it your business to 
call on Pete—you’ll never regret the 
time spent and you'll learn some- 


thing about handling men. 
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THE PRINCIPAL PAPERS and the discussion 
of them as presented at the convention of the 
Association of Iron and Steel Electrical’ Engi- 
neers held at Philadelphia, Pa., Sept. 14 to 19, 
is abstracted on the following pages. 
ciation represents the leading thought in steel 
mill work throughout the country and the pro- 
ceedings of its conventions form a record of 
practice and developments from the practical 
standpoint of mill operators and engineers. 


This asso- 


Topics Discussed by Steel Men 


At the Convention of Association of Iron and Steel Electrical 
Engineers Held Last Month at Philadelphia, Pa. 


ANY problems of vital im- 
M portance to steel mill opera- 

tors were discussed at the 
twentieth annual convention of the 
Association of Iron and Steel Elec- 
trical Engineers held at the Phila- 
delphia Commercial Museum, Phila- 
delphia, Pa., Sept. 14 to 19. 

In the main, the papers were free 
from theoretical viewpoints and dealt 
with the more practical phases of 
perplexing steel mill problems that 
are now being faced or have been 
successfully worked out during the 
last two years. i 

Safety problems as they affect the 
electrical engineer, the new “frog- 
leg” winding and the selection and 
maintenance of oil circuit breakers, 


were the questions of most import 

to those attending the convention. 
Abstracts of the principal papers 

are presented in what follows. The 


main points in the discussion of 
these papers by different steel mill 
operators are given in the reports 
beginning on page 472. 


Frog Leg D. C. Armature Windings 


By W. H. POWELL AND G. M. ALBRECHT 


— 


Engineers, Allis- Chalmers Mfg. Co., Milwaukee, Wis. 


N THE early days when slotted ar- 

mature cores were first developed, 
the series or wave winding was used 
almost exclusively, as machines were 
all of moderate capacity. As larger 
sizes were developed this winding 
was modified by using two or more 


wave windings on the same armature 
core and arranging them to operate 
normally in parallel at the brushes. 
In some cases, these windings were 
entirely independent of each other, 
while in other cases the various cir- 
cuits closed on each other and were 
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known as re-entrant windings. In 
many cases where a double series 
winding was used, it was found that 
after the machine had been in oper- 
ation for several weeks every alter- 
nate bar was burned. If the bars 
were marked and commutators 
turned, the machine would again 
operate successfully for awhile and 
then burning would occur on every 
alternate bar, but not always on the 
same set as before. 

After such series windings proved 
unsatisfactory, the type of winding 
which was next tried was the paral- 
lel or lap winding. With this type 
of winding the commutating condi- 
tions were somewhat poorer than in 
machines of similar capacity with 
series-wound armatures and espe- 
cially on machines with a large num- 
ber of poles. Some brush studs car- 
ried more current than others, with 
resulting sparking of the brushes. 
This was found to be due to unequal 
voltages generated in the parallel 
circuits and a careful adjustment of 
the air gaps under the various poles 
was necessary. 

In this type of winding the field 
strength of only one pair of poles 
affects one armature circuit, while in 
the series winding, each circuit is 
affected by the field strength of all 
poles, and there could be consider- 
able variation in strength without 
affecting the balance of the two cir- 
cuits. 

The inequality of voltages gen- 
erated in the circuits of the parallel 
or lap winding was remedied by the 
use of cross connectors located either 
on the back of the commutator necks 
or on the back end or U-bend of the 
armature coil. 

At first the number of equalizers 
used was as few as three per pair 
of poles. However, in some cases 
the bars were burned at symmetrical 
places around the commutator mid- 
way between cross-connected bars. 
An increase in the number of cross 
connectors was found necessary in 
order to eliminate the burning of 
bars. 

With machines of the largest ca- 
pacities, it has been found neces- 
sary to cross connect for every ar- 
mature slot in order to eliminate 
the burning of bars between cross 
connectors. 

In a new type of winding, which 
will now be described, there are no 
external cross connectors at either 
the front or back end of the arma- 
ture. Fig. 1 represents a four-pole 
armature with two windings con- 
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nected to each commutator bar. The 
winding represented by dotted lines 
is a lap winding and that represent- 
ed by solid lines is a wave winding. 

It will be noted that between com- 
mutator bar 1, and bar 2, there is a 
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Fig. 1—The frog leg winding is a 
combination of the lap and wave 
windings. 

This diagram represents a four- 
pole armature in which are shown 
the two windings connected to each 
commutator bar. he winding rep- 
resented by dotted lines is a lap 
winding and that represented by a 
solid line is a wave winding. he 
combination of these two windings 
is said to insure peek equalization 
of currents, although no external 
cross connections are used at either 
the front or back of the armature. 


lap winding and between bar 1, and 
bar 2, a wave winding. Tracing the 
coil sides for the lap winding and 
the wave winding it will be found 
that on one side they are in the same 
slot and on the other side they are 
in slots diametrically opposite and 
hence both coils are generating the 
same potential providing the mag- 
netic circuits: are of the same 
strength. Both of these coils are 
potential-generating, current-carry- 
ing circuits, and if made of the same 
size of conductor, will have the same 
resistance and generate the same po- 
tential and carry the same amount 
of current. 

Tracing the circuits from bar 1, 
it will be noticed that there is a lap 
coil from bar 1, to bar 2, and a wave 
wound coil from bar 1, to bar 2.. 
Bar 1, is thus connected with bar 2, 
and bar 2, with equipotential gen- 
erating coils. Likewise, bar 1, is 
connected with bar 2, and bar 2, with 
equipotential generating coils. 

The same result is thus obtained as 
though there were only a lap wind- 
ing between bar 1, and bar 2, and 
between bar 1, and bar 2,, and as 
though bar 1, were cross connected 
to bar 1., and bar 2, cross connected 
to bar 2. 

Every bar is thereby intercon- 
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nected with every other equipotential 
bar without any external cross con- 
nectors. 

In Fig. 1 the lap coil connected to 
bars 7, and 8, occupies the same slot 
as the wave coil connected to bars 
1, and 2,. These two coils, although 
they must be insulated from each 
other, can be taped together to form 
a single coil unit. From the appear- 
ance of this coil unit with two coil 
ends bent toward each other and the 
other coil ends spread apart, the 
winding has acquired its name of 
“frog leg” winding. 

The essential difference between a 
cross-connected armature and a frog 
leg winding is shown in Fig. 2, which 
is a portion of a developed lap wind- 
ing. The caption to this diagram 
points out the essential differences. 

In Fig. 3 is illustrated a machine 
having eight poles, indicated by let- 
ters A to H, while the armature has 
32 slots in which 64 coils are wound. 
Of these cqils 32 form a simple lap 
winding and the other 32 form a 
simple wave winding. The lap wind- 
ing is indicated by light lines and the 
wave winding by heavy lines. We 
thus have a single armature with a 
single commutator to which both a 
lap and a wave winding are con- 
nected. Brushes may be placed at 
the places marked with the positive 
and negative signs. The lap coils 
occupy the central position in the 
slot and the wave coils lay in the 
outermost and innermost positions. 
This is done for convenience in 
winding, because wave coil 48 and 
lap coil 45 for example, can then be 
readily taped together to form a 
single coil unit. 

In order to show how the lap and 
wave coils in the windings shown in 
Fig. 3 are balanced against each 
other, there is shown in Fig. 4 a 
portion only of the winding shown 
in Fig. 8. It will be noticed that the 
group of four lap coils, 45, 55, 56, 
57, which are connected to commu- 
tator segments 1 to 5, has connected 
at its terminal, that is, to segments 
1 and 5, the group of four wave 
coils, 52, 58, 59 and 60. There are, 
then, between segments 1 and 5, four 
lap-wound, voltage-generating, cur- 
rent-carrying, lap-wound coils, with 
coil sides between poles A and B and 
also four wave-wound, voltage-gen- 
erating, current-carrying coils with 
coil sides under poles H, G, F. E, D, 
C, B and A. If all of the poles are 
of the same magnetic strength, the 
voltage generated by each circuit 
will be equal and as the resistances 
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of the circuits are equal, the cur- 
rents will be equal. If the magnetic 
strength of the poles is not equal, 
the current flowing in the two cir- 
cuits will be proportional to the volt- 
age generated, which in the lap coils 
is dependent on one pair of poles 
and in the wave coils dependent upon 
the average of all the pairs of poles. 
In Fig. 4 there is also shown the four 
lap and wave coils between segments 
1 and 29, in which the same condi- 
tions obtain as between segments 
1 and 5. 

With frog leg windings, every 
commutator bar is interconnected 
with every other  equal-potential 
commutator bar without the use of 
any external cross connectors. This 
winding can also be used on arma- 
tures with duplex, triplex or quadru- 
plex parallel windings, and equally 
successful results obtained as re- 
gards the interconnection of the dif- 
ferent circuits. 

The maximum capacities of large 
machines for a given speed, or the 
maximum speed for a given capacity, 
can be materially increased by the 
use of multiplex frog leg windings, 
as the voltage between adjacent bars 
can be made equal to approximately 
one-half of the complete armature 
coil, and if conditions demand it the 
voltage may be made one-third, one- 
fourth or a smaller fraction of one 
complete coil. 

A test was made on an eight- 
pole generator rated at 1,000 kw., 
250 volts, 4,000 amp., 750 r.p.m., 50 
per cent overload for two hours. The 
armature on this generator was 
wound with a quadruplex, frog leg 
winding, which means that instead 
of eight circuits, as in the ordinary 
winding, there are 32 lap-wound cir- 
cuits and 32 wave-wound circuits. 
There are eight circuits in the arma- 
ture for the lap winding as com- 
pared to 64 for the frog leg winding ; 
500 amp. per circuit at normal load 
on the lap winding as contrasted 
with only 62.5 amp. for the frog leg 
winding; 104 commutator bars for 
the lap winding, compared to 420 
bars for the frog leg, and 32 volts 
maximum per bar for the lap wind- 
ing against only 8 volts for the frog 
leg. 

From this data it is apparent that 
if a simplex lap winding were used 
for this machine, the current per 
conductor and the maximum volts 
per bar would both be too large for 
successful commutation, especially 
for swinging overloads. This ma- 
chine wound with a frog leg winding 


Fig. 2—There is a decided differ- 
ence between a frog leg winding 
and a cross-connected armature. 


In this diagram is shown a portion 
of a developed lap winding having 
two coils with coil sides symmetri- 
cally located with respect to two 


pairs of oles. In the ordinary 
armature, if cross connected at the 
back end, a pair of conductors 


would be fastened to each coil at 
Ci and C2 and after the armature 
was wound, one of each pair of 
conductors would be bent toward 
each other and joined at D. Assume 
that conductors 21, Bı, Cı and Js, 4::. 
C2 were made of two conductors in 
parallel, each one-half the width of 
a single conductor and arranged in 
the slot one above the other. If one 
of each of the two parallel con- 
ductors is bent at Bi and As toward 
the other and joined at E, the two 
coils are cross-connected and the 
connection, Ci, D. C: is unnecessary. 
Furthermore, every coil on the 
armature, if made in this manner, 
is cross-connected without requiring 
any more space on the back end 
than an armature without external 
cross connectors. Because of the 
difficulty of making soldered joints 
at Ci. D, Cz., after the armature 
is wound, there are used a lap coll. 
lın Ax, Oi. Bi, 21, and a wave coil, 
21. Bı, D. As, I: which are insulated 
from each other and the electrical 
connection is made at the commu- 
or bar. 


was actually tested at 100 per cent 
overload with black commutation. 
As a test, the shunt coil on one 
pole was short-circuited and a set of 
brushes was removed. These brushes 
were located opposite another pole. 
Then the load was increased to 5,600 
amp. or 40 per cent overload, when 
the circuit breaker tripped. Under 
these conditions there was no visible 
sparking from no-load to overload. 
It was also found that the brushes 
could be moved a very considerable 
distance both ahead and back of the 
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neutral without affecting the com- 
mutation. This means that on a 
single generator the amount of volt- 
age regulation, that is, the com- 
pounding, can be varied to suit the 
particular conditions of operation by 
moving the brushes and without 
materially affecting the commuta- 
tion. 

Data was obtained from tests of 
two machines of the same construc- 
tion except that one armature, A, 
was wound in the ordinary way with 
three coils per slot and cross con- 
nected at every slot, while the other 
armature, B, was wound with frog 
leg coils, using no external cross con- 
nectors. Machine A carried a cur- 
rent of 2,727 amp. for 4 hr. fol- 
lowed by a load of 3,450 amp. for 
2 hr. Machine B carried a current 
of 3,600 amp. for 4 hr. followed by 
3,850 amp. for 2 hr. 

A decrease of 10 deg. in tempera- 
ture rise in the armature windings 
in machine B was found and is due 
to the elimination of load losses 
which are carried by circulating cur- 
rents in armature conductors and 
the reduction of any current losses 
in the conductors due to splitting 
them into two circuits. A reduction 
of temperature rise on the commu- 
tator of 20 deg. was noted and is due 
to elimination of short-circuit losses 
in brushes and improvement in the 
commutation, which on machine B 
having the frog leg winding was ab- 
solutely black on a subsequent test 


Figs. 3 and 4—Complete diagram 
of a frog leg winding for an arma- 
ture used in a machine having 
eight poles. 

This armature has 32 slots in which 
are wound 64 colls. Of these coils 
32 form a simple lap winding and 
the other 32 form a simple wave 
winding. The lap winding is drawn 
in light lines and the wave winding 


in heavy lines so that they may be 
readily distinguished. At the right 
is shown a portion of this winding 
so that the circuits may be more 
easily traced. 
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up to 5,000 amp. An increase in tem- 
perature of 9 deg. on the interpoles 
of machine B was due to the increase 
of 11 per cent in current. 

On account of the wider commu- 
tating zone with black commutation 
on an armature wound with frog leg 
coils, there is an easy method of 
changing the speed regulation of 
motors by shifting the brushes. This 
is particularly desirable on motors 
used for hot strip drives where close 
speed regulation is necessary. 

The frog leg winding has one of 
the good features of the ordinary 
series-wound armature in that a 
field coil can be cut out in case of 
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emergency. This has been done in 
the smaller wave-wound mill motors 
where one of the fields has been in- 
jured, and it is inadvisable to re- 
place the defective coil immediately. 
Where this same treatment is ap- 
plied to a lap-wound armature, vio- 
lent sparking at the brushes usually 
results, and in addition there is over- 


heating of the armature conductors 


and cross connectors if the motor is 
operated at normal load. In the case 
of the frog leg winding, a motor 
with one field coil cut out could be 
operated at normal load for any 
reasonable time with but slight in- 
crease in heating of the armature. 


Selection and Maintenance of 


Oil Circuit Breakers 


By GEORGE A. BURNHAM 
Engineering Department, Condit Electrical Mfg. Co., Boston, Mass. 


N the selection of the oil circuit 
breaker, it is necessary first to 

study the proposed system on which 
the application is to be made for the 
purpose of determining its electrical 
characteristics. These include the 
normal working voltage of the sys- 
tem, ‘the continuous carrying capac- 
ity of the circuit in question, and 
the transient current and transient 
voltage conditions under various cir- 
cuit combinations. From this may 
be determined the interrupting re- 
quirements, the momentary carrying 
capacity and the insulation specifica- 
tions. 

Selection should also be influenced 
by the space requirements, arrange- 
ment of terminals, personal safety, 
fire hazard protection offered by 
inherent design, features tending 
toward continuity of service, and the 
like. For it is these features, after 
all, which affect the cost of iron and 
steel indirectly due to fixed charges, 
insurance rates and interrupted pro- 
duction. & 

In making a comparison of the 
design features of circuit breakers 
consideration should be given to the 
destructive forces acting on. the 
breaker parts such as the frame, 


tank, tank fastenings, and insulators. ` 


These forces may be mechanical, 
chemical or electro-magnetic. 
Mechanical forces include the ef- 
fects of internal pressure due to cir- 
cuit interruptions. At the instant 
the arcing contacts part, an electric 
arc is sprung, which displaces the 
oil. The rate of expansion and vol- 


ume of gas generated depend, to a 
large extent, on the energy to be in- 
terrupted, the speed of interruption, 
cooling effect of the oil, and the qual- 
ity of oil used as an insulating me- 
dium. This sudden expansion of the 
arc or gas bubble below the oil line 
produces a hammer effect on the 
sides and bottom of the oil tanks. In 
this phenomena it is assumed that 
no explosions take place, and it is 
the writer’s opinion that the pressure 
wave is of such a shape that no part 
of the breaker except the tank is 
subjected to any great stress. 
Forces due to ignition or chemical 
combination of gases thrown off dur- 
ing circuit interruptions, as above 
mentioned, may be of great magni- 
tude. Explosions may occur either 
below the oil line during the circuit 
interruption or in the expansion 
chamber above the oil line during or 
after circuit interruption. These 
may occur in direct sequence, one 
following the other, as above, or 
practically simultaneously, in which 
case the resulting force may be tre- 
mendous. Explosions below the oil 


line produce the “piston effect” by 


forcing the oil in a body against the 
breaker top or frame. It may be of 
sufficient magnitude to cause the oil 
and gases to be forced from the 
breaker, or may attain sufficient mo- 
mentum to fracture breaker tops, 
insulator fastenings, or breaker 
mechanisms. Explosions above the 
oil line in the expansion chamber 
are, in the opinion of the writer, the 
major cause of broken switch tops, 
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ruptured tank fastenings and tank 
deformations of a nature greater 
than the usual tank bulging. 

In the construction of the average 
circuit breaker, the path of the cur- 
rent in the studs is in parallel planes 
and at right angles to the plane 
through the bridging member, thus 
forming a U-shaped circuit. Such 
a condition causes electro-magnetic 
stresses to be set up between the 
studs and certain reactions are set 
up in the bridging member, due to 
the interlinking of the magnetic field 
of component conducting parts. 
These forces tend to loosen the in- 
sulators and the clamping rings, 
move the studs in the insulators and 
force the bridging member from 
contact with the stationary contact 
block, even though the breaker be in 
a closed position. Little, if any, dif- 
ficulty is experienced below 30,000 
amp. but at high current values, say 
80,000 to 100,000 amp., the construc- 
tion and bracing of the main cur- 
rent-carrying members must be ex- 
tremely rugged to withstand these 
conditions, and the designer must 
use every effort to neutralize or bal- 
ance these forces. 

Probably no group of engineers 
and operators places quite as much 
emphasis on maintenance as those 
of the iron and steel industry. Con- 
sequently, the circuit breaker design 
should be such as to provide means 
whereby inspection and repairs, if 
necessary, can be easily and quickly 
made. Opinion is about equally di- 
vided among operators regarding the 
merits of the removable-tank-type 
breaker compared to the removable- 
truck-type breaker. Each has cer- 
tain advantages, depending upon the 
station construction and arrange- 
ment employed. 

On the question of inspection and 
adjustment of contacts only, there is 
really little difference in the time 
consumed, if tank-lifting facilities 
are provided for the removable-tank 
type of breaker. However, if much 
repair work is necessary, the remov- 
able-tank type offers many advan- 
tages, both as to time and ease of 
repair. 

The removable-truck type of 
breaker has a decided advantage 
from the viewpoint of cubic-foot-per- 
ampere of interrupting capacity. 
Ten years ago the average cubic- 
foot-per-ampere interrupting capac- 
ity for popular removable-tank type, 
15,000-volt, moderate interrupting 
capacity devices was approximately 
0.01. Today, it is approximately 
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At Philadelphia Convention of 5 ay 
Association of Iron and Steel 
Electrical Engineers | 


The exposition of recently developed equip- 
ment for steel mill use is shown from several 
different angles in the illustrations on these two 
pages. Nearly one hundred firms displayed a 
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0.003. The removable-truck-type 
breaker utilizes the entire cell space 
to advantage; that is, the cell space 
is entirely available for the circuit 
breakers, whereas, in the removable- 
tank breaker approximately 30 per 
cent of the cell space is reserved for 
tank removal, and is only employed 
for its intended purpose for a few 
minutes during inspection or repair. 

Due to this more effective utiliza- 
tion of cell space, it is possible to in- 
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crease the interrupting capacity of 
older installations about eight times 
without tearing down the cell struc- 
ture, bus compartments and the like. 
Present day circuit breakers also 
have a very much larger factor of 
safety for insulation and, therefore, 


the replacement of existing breakers . 


not only provides increased inter- 
rupting capacity, but also materially 
increases the factor of safety of 
the insulation of a system. 


Selection and Maintenance of 


Oil Circuit Breakers 
By M. J. WOHLGEMUTH, Switchboard Engineer. 
and 


E. K. READ, Circuit Breaker Engineer 
Westinghouse Electric & Manufacturing Co., East Pittsburgh, Pa. 


HE subject of switching equip- 
ment for use in steel mill service 
is one which up until recently has 


not received from steel mill electrical 


engineers the consideration that it 
merits. It is only within recent 
times, due to the development of the 
steel mill industry, that this subject 
has come to the fore and demanded 
attention. 

In this paper the authors trace the 
growth of an imaginary steel plant 
and show the necessary alterations 
required in the switching equipment 
due to this growth. The selection of 
switching equipment for this instal- 
lation is governed by the current 
that may flow under short-circuit 
conditions. Calculations for deter- 
mining the short-circuit currents are 
given and the use of these values in 
selecting the circuit breakers is ex- 
plained. 

It is common practice to relay the 
various circuit breakers so that the 
fault can be eliminated from the sys- 
tem by the opening: of the fewest 
and closest tircuit breakers. This 
selective action sometimes requires 
that the circuit breakers carry the 
sustained short-circuit current for 
periods ranging from a fraction of a 
second up to two or three seconds. 
It is, therefore, important that the 
circuit breaker be able to carry the 
sustained short-circuit for a definite 
period of time. 

After the relays have functioned 
to trip the circuit breaker, it is nec- 
essary that the circuit breaker be 
capable of interrupting the current 
that may be in the circuit. In the 
opening of a short-circuit, the circuit 
breaker must have sufficient strength 


to withstand the pressure generated 
within the tank by the avcing which 
vaporizes the oil. Anything which 
tends to cut down the time of the 
arcing will increase the ability of 
the circuit breaker by the same 
amount. An adequate head of oil 
must be provided over the point of 
arcing to insure that the gases are 
cooled sufficiently by their passage 
through the oil to prevent their ig- 
nition after they arrive above the 
surface. The main contacts should 
be adequately protected by auxiliary 
arcing contacts to prevent burning. 
The contacts which take the arcing 
should be renewable so that a mini- 
mum &mount of time will be con- 
sumed in renewals and maintenance. 
The entire structure should have suf- 
ficient strength so that oil and gas 
will not be expelled in objectionable 
quantities during the operation. The 
design should be such that the oil 
and gas which are expelled will not 
be ignited outside of the circuit 
breaker. 

The design of the insulating de- 
tails of the circuit breaker is merely 
a matter of providing sufficient dis- 
tances to ground through the air 


‘and over the surface of the insula- 


tion. 
The design problem of providing 
sufficient conducting material so that 
the circuit breaker will carry its 
rated current without overheating, is 
not very difficult. Present day 
knowledge has rather definitely set- 
tled the amount of copper and con- 
ducting material that is necessary 
to carry a given current at a given 
frequency. 

Steel mill service is about as se- 


Vol.83, No.10 


vere a service as is required of 
switching equipment. The air is 
filled with dust of a metallic nature 
and gases which have a seriously de- 
teriorating effect upon electrical ap- 
paratus. Apparatus intended for ap- 
plication in steel mills should, there- 
fore, be more rugged and have a 
wider margin of safety than that 
for ordinary service. Extra rugged- 
ness is usually obtained by using the 
best apparatus available upon the 
market. Extra margin of safety can 
be obtained by specifying apparatus 
of the next class to that which would 
just barely meet the service. On ac- 


count of the air conditions in steel 


mills, it is now fairly well standard- 
ized practice to install apparatus 
with a voltage rating of at least dou- 
ble that of the circuit to which it is 
applied. 

It is usual to supply, especially on 
important circuits, apparatus of a 
heavier current-carrying capacity 
than that which is just large enough. 

Switching equipment for steel mill 
use should be kept in the very best 
possible condition. No opportunities 
for inspection should be permitted 
to pass unused. A hurried inspec- 
tion, if that is all that is possible 
in the time available, may detect a 
condition that is very easily reme- 
died at the moment. 

A certain amount of inspection of 
the apparatus may be made while the 
latter is in service. It is possible 
to observe the operation of the cir- 
cuit breakers and obtain a fair idea 
of their condition. The external 
mechanism can be looked over, while 
keeping at a safe distance, for con- 
ditions which might later cause an 
outage if not corrected. The gen- 
eral temperature of the apparatus 
can be observed at a safe distance. 
Any condition which can not be cor- 
rected in a few minutes, or while 
the apparatus is alive should be 
noted and the correction made at 
the first opportunity. A record 
should be kept of all apparatus, 
giving the date and degree of in- 
spection. A schedule should be made 
out giving desirable periods for cas- 
ual inspection and for thorough in- 
spection.. Opportunities should be 
watched for, so as to make the in- 
spection as close as possible to sched- 
ule requirements. 

It is now becoming standard prac- 
tice with most operating companies 
to make a complete check of the con- 
dition of the circuit breaker after 
a given number of operations. One 
operating company drops the tank 
on the circuit breaker, inspects the 
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contacts, checks the condition of the 
oil, and looks over the circuit breaker 
generally, after each operation under 
short-circuit conditions. The serv- 
ice record of the apparatus of this 
customer is unusually good. An- 
other operator gives the circuit 
breakers similar attention after 
three automatic operations. This 
same operator checks the condition 
of his apparatus completely every 
six months, whatever its operating 
record. This operator also gets very 
good service from his apparatus. 
Obviously, the degree of mainte- 
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nance is determined by the severity 
of the service. It is recommended 
that the apparatus be looked over 
after functioning on a short-circuit. 
The circuit breaker should be 
checked after five to ten automatic 
operations, paying particular atten- 
tion to the quality of the oil, to see 
that the arcing within the apparatus 
has not reduced the insulating qual- 
ity of the oil, to an undesirable de- 
gree. The circuit breaker should be 
looked over after approximately 50 
to 100 operations to see that no parts 
have become loosened or displaced. 


Report of Electric Heat Committee 


By GEORGE H. SCHAEFFER, Chairman 
| Electrical Engineer, Carpenter Steel Co., Reading, Pa. 


HE committee believes that the 

economics of the heating prob- 
lem should receive more thoughtful 
consideration. Each application of 
a heating furnace (of any tempera- 
ture) is a special and separate 
problem. It is influenced by the 
particular plant conditions and has 
its own particular duty to perform. 
Therefore, it is felt that any applica- 
tion requiring the use of a furnace 
or furnaces should be considered on 
its own merits, and each application 
should be carefully analyzed. By 
this method only can be obtained 
comparative costs of operation by 
the use of the most improved equip- 
ment using any form of fuel or 
energy that might deserve favorable 
consideration. It is not fair to com- 
pare the cost of operation using 
some old type of equipment with the 


latest improved design using another 
form of fuel. The field should be 
covered thoroughly and the cost of 
production obtained by the use of 
latest designs using the different 
types of energy available. 

It is an economic error and a set- 
back to the art to install electric 
equipment if some other form of 
energy will meet the conditions 
equally well and at a reduced cost. 
The committee feels that no one par- 
ticular form of fuel or energy will 
meet every furnace problem. 

The attitude of the committee is 
that electric heat can win only on 
its merits. If it is not a positive 
gain over any other form of energy, 
it has no economic justification. The 
field for electric heat is rapidly 
growing, particularly for the me- 
dium- and low-temperature furnaces. 


Electric Heat Treating Applications 


By E. A. HURME 
Manager, Steel Mill Section, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


HIS report, which includes all 

processes in the iron and steel 
industry in which heat is required, 
without limitations as to tempera- 
ture, is intended to cover the princi- 
pal heat treating and miscellaneous 
applications not classiffed under 
melting furnaces. 

Beginning at the melting furnace, 
let us consider each process in which 
heat is required in order to deter- 
mine the possibilities for electrifica- 
tion. 

After the ingot comes from the 
open hearth, or electric furnace, 


the first process requiring heat is 
the soaking pit, where the ingots 
are brought to the proper temper- 
ature. 

To the Donner Steel Company be- 
longs the credit for the pioneer in- 
stallation of an electrically-heated 
soaking pit. This experimental in- 
stallation was made in March, 1924. 
(The results obtained with this in- 
stallation are given on page 471.— 
EDITOR.) 

The next heating process in pro- 
gressive order is the reheating fur- 
nace for rail, structural, sheet-bar 
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mills, etc. To date there have been 
no installations of electrically-heated 
reheating furnaces. 

Next in order follows a series of 
finishing processes requiring the ap- 
plication of heat at somewhat lower 
temperatures. One such is the 
“pickling” process in sheet and tin 
mills, which is done in a vat usually 
heated by steam at a temperature of 
about 500 deg. F. There is little 
doubt that in many cases a saving 
could be made by using an electric 
steam boiler to supply the heat. 

Galvanizing and tinning are done 
at temperatures below 1,000 deg. F., 
and could be done satisfactorily by 
electricity if warranted by the com- 
parative cost of electricity and fuel. 

For annealing of sheets an ele- 
vator-type furnace, has demonstrated 
many advantages over the fuel- 
heated furnaces. Previous to the in- 
stallation of this furnace, work was 
placed in heavy annealing boxes 
which are essential in fuel-fired prac- 
tice and frequently the weight of an- 
nealing boxes in the furnace just 
about equals the weight of the work. 

For bright annealing strip steel an 
electric furnace equipment was re- 
cently installed at the Stanley Works, 
New Britain, Connecticut, as a test 
unit to determine the advisability of 
commercial bright annealing un- 
stripped steel. 

Another use of electric heat in 
steel mills is the electric roll heater. 
Electric heaters are now used in 
some twenty different plants rolling 
nickel, monel, full finished sheets, 
black sheets and tin plate. 

In the production of rough cast- 
ings, heat is required in the follow- 
ing processes at the temperatures in- 
dicated : 

(1) Core baking 450-700 deg. F. 
(2) Sand drying. 450-700 deg. F. 
(3) Pattern heating........ 700 deg. F. 

Electricity has been successfully 
applied to all of the above processes. 

After the rolling or casting proc- 
esses outlined above, a surprising 
amount of iron and steel products 
undergo heat-treating processes to 
give them the physical properties 
necessary for their use. 

All metalworking plants have oc- 
casion to heat-treat dies and miscel- 
laneous tools used in the manufac- 
ture of virtually all products. It 
was formerly general practice to use 
either gas- or oil-fired furnaces for 
the heat treatment of these tools and 
spoilage of the latter often occurred 
through inability to properly con- 
trol the temperature, distribution of 
heat, and furnace atmosphere. 
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In the electric tool furnace, the 
units may be so distributed as to 
give perfectly uniform heat from 
front to back and the temperature is 
automatically controlled by instru- 
ments of precision, so that uniformly 
good results are obtained with an un- 
skilled and indifferent class of labor. 

The following requirements should 
be considered in selecting a furnace 
for heat-treating processes, regard- 
less of whether it is electric or fuel- 
fired: 


(1) It should bring the work uni- 
formly to the desired temperature with- 
in the limits of accuracy required. (2) 
The temperature should be accurately 
and automatically controlled. (3) It 
should be the most economical equip- 
ment for the job, taking into account 
all factors which affect the “total over- 
all cost of production.” (4) It should 
not require highly skilled operators, 
and be capable of producing the de- 
sired results without constant attend- 
ance and adjustment. (5) It should 
stand up under the treatment to be 
expected in steel mill service. 

In comparing electric and fuel- 
fired furnaces it must be realized 
that the fuel-fired furnace, as well 
as the electric furnace, can be made 
to maintain a uniform temperature. 
The purpose of the furnace, however, 
is to produce a uniform product, and 
not uniform temperature charts, so 
that proper attention must be given 
to the design in order to uniformly 
apply the heat to the product. 

The electric furnace differs from 
the fuel-fired in the manner of the 
application of heat. Most of the 
heat transfer in the electric furnace 
is by radiation; the remainder is 
by convection. 

With the fuel-fired furnace, a 
large part of the heat is transferred 
by direct convection from the hot 
gases circulating about the charge, 
and some by radiation from walls 
and burners. 

The comparison of furnaces from 
the standpoint of economy requires 
that all factors entering into the cost 
of production be given due thought. 
It is unfair to the electric furnace 
to compare it with other types on 
the basis of energy cost alone. 

Elements of total cost of product 
which are affected by the heat treat- 
ing furnace are: 

(1) Labor. (2) Loss due to re- 
jections. (3) Cost of subsequent 
operations. (4) Handling of mate- 
rial. (5) Cost of auxiliary equip- 
ment. (6) Quality of product. (7) 
Intangible effects, such as working 
conditions in furnace rooms. (8) 
Floor space required, including space 
for fuel storage tanks, pumping and 
blowing equipment. 
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In conclusion, the committee 
wishes to emphasize the fact that all 
factors contributing to or affecting 
the “total over-all cost of produc- 
tion” should be considered in com- 
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paring various types of furnaces, 
bearing in mind the small propor- 
tion which the cost of energy for 
heat treating bears in the complete 
product. 


Electric Melting Furnaces 


By J. A. SEEDE 
Industrial Engineering Dept., General Electric Co., Schenectady, N. Y. 


LTHOUGH the arc and induction 
types of electric furnaces for 
melting metal started on an even 
basis over 25 years ago, the superi- 
ority of the arc furnace for the 
average user has resulted in its oc- 
cupying a well-established position 
in the iron and steel industries. 
Any furnace for melting holds the 
molten metal in a hearth made of 
acid or basic refractory material, 
which either does or does not carry 
current. Any furnace in which the 


‘current passes through the bottom 


belongs to the conducting hearth 
type, and among them, following the 
Girod furnace, may be listed the 
Gronwall-Dixon, Snyder, Wile, Na- 
thusius, Greaves-Etchells, Moore, etc. 
The Heroult type, one of the earli- 
est of the non-conducting hearth 
types, still continues to occupy an 
important position. This type of 
furnace includes the Heroult, Webb, 
Booth, Swindell, VomBaur, etc. 
Two-voltage operation for steel 
melting furnaces is now practically 
universal, investigation indicating 
that there is a decided saving ‘in 
power and electrode consumption. 
In addition to the increase in ca- 
pacity of electrical apparatus, other 
changes have taken place, briefly in- 
dicated as follows: l 
For many years, three single- 
phase transformers were specified 
for a three-phase furnace, but with 
increased knowledge of furnace 
operation and better transformer 
construction, thoroughly successful 
operation is being obtained from 
three-phase transformers. This is 
desirable, both from the standpoint 
of the manufacturer and the user. 
With the early types of furnaces, 
the use of external reactance was 
unnecessary. With increase in ca- 
pacity and voltage, additional react- 
ance was necessary to reduce fluctu- 
ations at the start of the heat, and 
it is seldom that any up-to-date two 
voltage arc furnace equipment is in- 
stalled without external reactance. 
For external reactors there is a 
choice between air and iron core 


types; at high voltages and low ca- 
pacities the iron core reactor may 
have an advantage in cost, while at 
low voltages and high capacities the 
reverse is the case. 

For ten years following the in- 
stallation of arc furnaces in this 
country, autamatic electrode regula- 
tors were imported from Switzer- 
land. Now two automatic electrode 
controls are built in this country. 

While electric furnaces are tilted 
by hydraulic and electrical means, 
the latter method predominates at 
the present time, either alternating 
or direct-current, crane-type motors 
being used with entire success. 

Alternating-current motors are 
used in large smelting furnaces 
where the fluctuations and resultant 
electrode movements are small and 
at infrequent intervals, but for 
melting furnaces, especially for steel 
and iron, the best control consistent 
with a minimum of complications is 
obtained only by the use of direct 
current motors. 

After many trials and failures 
the induction furnace, which is 
essentially a device for producing 
the highest quality product, has re- 
turned to its original design, a sin- 
gle-ring, single-phase type. 

In the way of auxiliary apparatus, 
even small single-phase loads at 50 
per cent power factor or there- 
abouts, require a motor-generator 
set, and consequently the first cost 
of the equipment is high. However, 
the addition of a load of this kind 
to any plant almost always means a 
reduction in the rate charge. 

Perhaps the biggest advance in 
electric furnace matters has been a 
demonstration of the commercial 
feasibility of melting metals in an 
ordinary clay graphite or similar 
crucible, surrounded by an edge- 
wound copper coil, supplied with 
power at approximately 500 cycles. 
This type of Ajax-Northrup high- 
frequency furnace offers many pos- 
sibilities in the melting of non-fer- 
rous metals and alloys, and high- 
grade steel. 
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Heating of Ingots by Electricity 


By RALPH A. BUTLER 
Efficiency Engineer, Donner Steel Co.. Inc., Buffalo, N. . 


LECTRIC heating of ingots at 
the plant of the Donner Steel 
Co., has demonstrated in a practical 
way that ingots can be successfully 
heated in a manner that will insure 
almost ideal performance. In the 
past much criticism of the blooming 
mill process has been laid at the door 
of defective or improper heating of 
the ingot in the soaking pit. By the 
use of the electric method of heating, 
the proper temperatures for heating 
steel of varying carbon content has 
been discovered. These limits are 
so accurate that it is possible to de- 
termine within a surprisingly nar- 
row range of temperature, the degree 
of heat necessary to insure a very 
satisfactory rolling temperature. 
The soaking pit that was con- 
structed at this plant was practically 
airtight. A layer of coke braize was 
placed at the bottom, helping to pro- 
duce a decidedly reducing atmos- 
phere. This practically eliminated 
the formation of scale and it was 
only when the ingots were removed 
from the pit that the scale began 
to form rapidly. This scale was very 
thin, never over 3/32-in. thick, and 
as nearly as it was possible to de- 
termine, was considerably under half 
that produced by gas heating. 
Upon rolling, the electrically- 


heated ingots, after the proper tem- 
perature of heating had been deter- 
mined, broke down ideally. They 
went through the rolls straight and 
showed no signs of twisting or bend- 
ing. In addition they gave evidences 
of rolling easier than the gas-heated 
ingots. The reduction in electrical 
peak load on the mill drive ran up 
as high as 25 per cent in some cases 
and averages consistently below the 
peaks when rolling the gas-heated 
ingots. 

The costs of operation and mainte- 
nance of this experimental electric 
soaking pit were higher than costs 
of ordinary heating, but there were 
many extenuating factors. If the 
trial pit were to be built over, the 
cost of maintenance would be cut 
down to at least one-third of the 
present cost. A pit of a new design 
based on the experience with the old 
pit would give results altogether 
different and certainly more gratify- 
ing and conclusive. The average 
power consumption for heating two 
ingots of 3.8 gross tons each was 
531 kw.-hr. When the pit was work- 
ing ideally and very hot ingots were 
charged, a figure as low as 100 kw.- 
hr. was recorded. These figures can 
be very materially reduced by a pit 
of a new design. 


Safety and the Electrical Engineer 


By JOHN A. OARTEL 
Chief of Safety Bureau, Carnegie Steel Co. 


WISH to emphasize a few gen- 
eral principles, which should help 
both the electrical and safety engi- 
neers and bring them closer together 
in their work. About a year and a 
half ago I had the privilege of mak- 
ing a safety survey of ten large steel 
mills, employing from 1,000 to 10,000 
men each. 
- From this survey I learned that it 
is a good thing for men to get to- 
gether to discuss common problems. 
Common problems lead directly to 
the next thing I learned, which was 
that the plants where the best co- 
operation prevailed invariably had 
the best safety record. Co-operation 
means that the man in the mill or 


in the office will help his fellowmen, 
and where the greatest co-operation 
prevails, there the greatest success 
is found. 

I recently saw this spirit exempli- 
fied to a marked degree in a safety 
drive in a large steel mill employing 
6,500 men. In preparing for the 
drive the safety director and I vis- 
ited every department to meet and 
talk with the department superin- 
tendent, the safety committee and 
groups of employees. I was particu- 
larly impressed with the very able 
manner with which the electrical 
superintendent handled the matter. 
He was not satisfied with anything 
less than complete co-operation with 


471 


the safety director. It was not. 
enough for him to bring the safety 
committee, the foreman and the 
gang leaders to the office to hear the 
talk—he had his entire force come 
to the electric shop in groups of 50 
or 100. The shop was provided with 
seats in order to have the men com- 
fortable during the talk. Safety 
bulletins, signs, and slogans were 
displayed on the wall. Safety de- 
vices used in the electrical depart- 
ment were displayed and their use 
explained to the men. It was one of 
the finest examples of co-operation 
that I have ever seen and I take 
pleasure in stating that the electrical 
engineer, whose work I have been 
describing, is the president of this 
organization, Mr. A. C. Cummins. 
On the other hand, I wish to tell 
you of an incident in a steel mill 
where the lack of co-operation among 
several men resulted in a fatality. 


Two locomotive engineers working on 
the 3 to 11 turn, transporting hot bil- 
lets through a tunnel, discovered that 
the warning whistle at one end of the 
tunnel was not woran The electri- 
cian was called and made an n A 
tion but could find nothing wrong. He 
asked one of the engineers to make 
sure on his next trip that the switch 
at the other end of the tunnel was all 
right. At 11:00 p.m., two other engi- 
neers came on the job. One of these 
noted on his first trip to the tunnel that 
the whistle did not work. He called 
this to the attention of the electrician 
then on duty. 

At 7 a. m. the turn came to an end. 
The foreman had given the whistle no 
further thought; the engineer left the 
job without advising the man who re- 
lieved him that the whistle was not 
operating; and the electrician also left 
the job without repairing it or report- 
ing it to the night electrical foreman. 
About 45 min. later one locomotive was 
near the end of the tunnel when another 
locomotive made the first trip through 
for that turn . The crew were depend- 
ing on the whistle for warning and as 
the whistle did not blow they assumed 
everything was all right. There was a 
violent collision between the two en- 
gines and a man was instantly killed. 


During the course of the meeting 
that I have previously mentioned, 
Mr. Cummins said to me: “I am try- 
ing to instill the thought of service 
into the minds of my men. I am 
telling them that they are the serv- 
ice department of the plant. I am 
trying to get them to understand 
that the continuous and successful 
operation of a plant depends upon the 
character of the work they do.” I 
think that if the electrical men here 
could take home the thought that 
their work is indeed a service to the 
entire plant and if they could spread 
this among their men, this conven- 
tion would indeed accomplish some- 
thing worth while. 
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Main Points in the 
Discussion at Philadelphia Convention 


HE need of education and co- 

operation among workmen, fore- 
men, and department heads, for 
promoting personal safety were the 
keynotes struck on the first day of 
the convention which was given over 
to the newly formed Safety Division 
of the Association. In opening the 
convention, A. C. Cummins, presi- 
dent of the Association, stated that 
the need for this Safety Division 
arose from the rapid growth of steel 
mill electrification which has brought 
up new problems of personal safety. 
The safety engineer is experienced 
in delving into the mental causes of 
accidents but he is less familiar with 
the electrical and mechanical ele- 
ments involved in steel mill electrical 
accidents. The opposite is true of 
the electrical engineer. Hence, Mr. 
Cummins said, cooperation between 
these two men should bring about 
accident reduction. The Safety Di- 
vision has been formed to bring 
these two men together and enable 
them to talk over their problems. 

No engineer can afford to install 
a machine that is a menace to per- 
sonal safety, was a point stressed by 
L. H. Burnett, assistant to the presi- 
dent of the Carnegie Steel Co. He, 
as well as C. L. Baker, head of the 
Safety Department of Cambria 
Works, Bethlehem Steel Co., said 
that most plants are well equipped 
with safeguards—that what is now 
needed is education of the workmen 
to think and act safety. 

In this connection, W. S. Hall, 
Electrical Engineer, South Works, 
Illinois Steel Co., said that 90 per 
cent of the accidents that now occur 
in his company are the fault of the 
individual workman. Although his 
company has spent a great deal of 
money for safety devices, which have 
greatly reduced accidents, yet acci- 
dents still occur. Hence his sugges- 
tion is that the first year’s work of 
the Safety Division be centered on 
education of the workmen rather 
than on a study of protective devices. 

In discussing the relationship be- 
tween the Metals Section of the Na- 
tional Safety Council and the Safety 
Division of the Association of Iron 
and Steel Electrical Engineers, 
Henry A. Renninger, vice-president 
of the National Safety Council and 


assistant to the president of the Le- 
high Portland Cement Co., 
“The Metals Section of the National 
Safety Council is one of the largest 
and strongest industrial sections of 
the council and has covered a great 
field, but I realize that the steel in- 
dustry is a large proposition with 
many sides that it has not been able 
to cover. I refer particularly to the 
electrical problem, which is the most 
important we have to deal with at 
present. Practically all of the new 
plants and many of the old are be- 


coming electrified and it is a case of 


readjusting and educating the men 
to the hazards of electrical equip- 
ment. The electrical engineer has 
his particular problems, while the 
safety engineer has his; they cover a 
wide field and they must work hand 
in hand, and through daily contact 
and conference cooperate with each 
other in the fullest sense of the 
word.” 

How the electrical and safety en- 
gineers can be mutually helpful was 
the subject of a paper presented at 
this session, by John A. Oartel, 
Chief of Safety Bureau, Carnegie 
Steel Co. It is abstracted on page 
471 of this issue. 

Frog-leg Windings for Armatures 
of Direct-Current Multipolar Gen- 
erators and Motors—In discussing 
this paper (abstracted on page 462), 
which was presented by W. H. Pow- 
ell and G. M. Albrecht of the Engi- 
neering Department of the Allis- 
Chalmers Manufacturing Co., Mr. 
Cummins asked whether or not the 
four layers of coils required by the 
frog-leg winding, did not limit the 
ventilation of the motor, thereby in- 
creasing the heating. In reply, Mr. 


Powell said that slightly deeper slots 


are used on this type of winding 
which give more space for radia- 
tion. He also pointed out that the 
test data given in his paper showed 
that an armature having a frog-leg 
winding ran 10 deg. cooler than a 
similar armature wound with the 
ordinary cross connected winding 
and which was carrying a lighter 
load. 

The question was asked as to 
whether or not the equalizing cur- 
rent passing through the load coils 
in the frog-leg winding did not cause 


said, 
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extra heating which would not be 
present if it were taken through the 
equalizers of a cross connected wind- 
ing. Mr. Powell replied that the 
path of the equalizing current was 
through the load coils of the cross 
connected winding the same as in 
the case of the frog-leg winding; 
hence both windings had equal heat- 
ing in so far as this point was con- 
cerned. 

Mr. Cummins also asked whether 
the frog-leg winding was likely to 
reduce the initial cost of the ma- 
chine. In reply, Mr. Powell said 
that this winding reduced the so- 
called load losses such as eddy cur- 
rent losses in the conductors, heating 
of the commutator from short cir- 
cuit losses in the brushes, and im- 
perfect commutation. This means 
that less energy is dissipated in heat 
and therefore the machine is more 
efficient and consequently could be 
made smaller thereby saving ma- 
terial. On the other hand the manu- 
facturing cost of this new type of 
winding is somewhat higher. 

R. S. Shoemaker, Superintendent 
of Maintenance, American Rolling 
Mill Co., asked if making repairs to 
this winding were not harder due to 
the double coil span, which is char- 
acteristic of the frog-leg winding. 
Mr. Powell said that it does take 
longer to get at the coil in making 
a repair, however, there are no cross 
connectors to take care of and trou- 
ble may occur in the cross connectors 
as well as in the winding. Making 
a total rewind job, he said, would 
be as easy as with the usual type 
of winding. 

F. W. Cramer, Asst. Electrical En- 
gineer, Johnstown Plant, Bethlehem 
Steel Co., pointed out that line volt- 
age exists between adjacent conduct- 
ors in the same slot and asked what 
provision was made for taking care 
of this factor. Mr. Powell stated 
that each individual coil of a wind- 
ing unit or frog-leg coil was insu- 
lated for line voltage. This means 
that the slots must be somewhat 
deeper to take the additional insu- 
lation required. Mr. Cramer also 
said that his company was making 
an installation of twelve machines 
having the frog-leg winding and 
would soon be in a position to obtain 
information regarding the operation 
of this winding in steel mill service. 

David Hall of the Westinghouse 
Electric & Manufacturing Co. took 
exception to the statement that cross 
connectors are troublesome. He 

(Please turn to page 505) 
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Results Obtained 
Through the 


Use of an Improved 
Type of Sleeve Bearing 


Together With the Operating Conditions That 
Were Encountered Before and After Making 


Several Installations in a Large Steel Plant 


By J. S. MURRAY 


Chief Electrician, Follansbee Brothers 
Company, Toronto, Ohio 


HE attention of many operat- 

| ing engineers seems to be di- 
rected to the troubles that 

have been encountered with the sleeve 
type of bearings in use on general- 
purpose motors, and on steel mill 
motors in particular. Those who 
have had operating experience know 
only too well that a majority of all 
winding failures can be attributed 
to oil being deposited on the wind- 
ing. This oil comes from the sleeve 
bearings by leaking out around the 
shaft and gradually creeping into 


WOULD YOU like to oil your 
motor bearings only once in a year 
and a half? In an article, “Ways 
to Cure Sleeve Bearing Troubles,” 
published in Industrial Engineer, 
Marcb, 1924, R. Pruger told how 
certain sleeve bearing troubles 
were corrected in a new type 
of bearing bousing. In this ar- 
ticle Mr. Murray gives the results 
of his experience with this type 
of bearing on motors used in 
steel mill service. Among other 
advantages the low maintenance is 
shown by the fact that the first 
installation has bad no oil added to 
it during a year and a balf of 
operation, and there have been no 
winding troubles. 
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‘Fig. 1—Trouble from oil-throwing 
was experienced with the bearings 
of this high-speed motor, which 
drives a fan. 


It was necessary to rewind this 
motor about once every eight 


months until the improved type of 
sleeve bearing was used. The motor 
is rated at 25 hp. and drives a 
booster fan at 1,800 r.p.m. which 
forces powdered-coal fuel into sheet 
mill furnaces. The external con- 
struction of this bearing may be 
observed in this illustration, while 
me 5 details are shown in 
Fig. 


the windings, which become soaked 


with oil and covered with dirt. 

Oil leakage may be traced to a 
variety of sources. It may be due to 
carelessness in splashing oil on the 
housing when oiling the motor; it 
may be due to oiling while the motor 
is in operation, which is very poor 
practice and usually results in an 
oil overflow when the motor comes 
to rest. 

On the other hand, we find the con- 
struction of some types of sleeve 
bearings such that an unbalanced air 
pressure appears to be set up which 
sucks the oil out of the bearing into 
the motor winding. In some high- 
speed motors the oil rings cause con- 
siderable agitation of the oil and as 
the temperature tends to vaporize 
some of the oil, any air passing 
through the housing will pick up 
some of this vapor and deposit it 


474 


upon the windings. Also, if air 
passes through the bearing it is 
carrying dirt into it which increases 
the bearing wear. Another cause of 
oil leakage is faulty location of the 
oil grooves in the bearing. 

The fundamental cure for this 
trouble would appear to lie either in 
providing a sleeve bearing that 
would retain the oil or grease in the 
bearing, thus not only preventing 
damage to the windings but also in- 
suring long life of bearings and 
necessitating but little attention, or 
by providing a bearing of the roller 
or ball type where the probability of 
excess lubrication and leaking of 
same into the motor is slight. 

During the past few years, a great 
deal of field data has been submitted 
by various operating engineers re- 
lating to their experiences with ball 
and roller bearings, and pointing out 
the unsatisfactory features of the 
sleeve bearings. This has been a 
material factor in stimulating a gen- 
eral interest in the improvement of 
bearings by motor manufacturers. 

Some of the improvements that 
have been made are described in a 
very excellent article by R. Pruger 
of the Westinghouse Electric & 
Manufacturing Company. This 
article appeared in the March, 1924, 
issue of INDUSTRIAL ENGINEER. In 
brief, this bearing is so constructed 
that the air pressures within the 
bearing housing are balanced, there- 
by preventing air from getting in 
and oil from leaking out. A cross- 
section of this bearing and housing 
is shown in Fig. 2. As can be seen, 
the bearing shell itself has not been 
changed in design, but the housing 
has been altered. The cover D that 
closes the opening through which 
the oil ring is admitted, has been 
placed on the inside end of the hous- 
ing instead of the outside. 
cation permits bolting down the 
cover and compressing the packing 
under it. For the purpose of in- 
specting the oil ring, a large pipe 
plug L has been placed on the out- 
side end of the housing. This plug 
can easily be removed and put back 
in place, air-tight. The dowel pin, 
E, which is ordinarily inserted from 
the outside wall of the housing to 
keep the bearing from turning, has 
been placed on the inside of the 
housing and any oil-pumping is thus 
rendered harmless, since it is inside 
the housing itself. To further 
guard against leakage, tapped holes 
have been eliminated wherever pos- 


This lo- 


5 5 3 r 


Fig. 2—Cross-section view showing 
improvements made in sleeve bear- 
ing to prevent oil leakage. 


The bypass for air at G prevents 
unbalanced air pressures within the 
bearing. Oil leakage from careless 
filling is overcome by the inner 
bearing cap at J. Slopping out oil 
at the oil ring slot, D, is prevented 
by the cast cover bolted down 
against a shellacked felt gasket. 
The oil ring slot D and oiling hole 
L are tightly closed as shown, which, 
in addition to felt washer, M, seal 
housing against ingress of air and 
thus prevent currents of air paas- 
ing through the housing. Oil leak- 
age to the exterior of the housing 
cannot take place through the 
steady-pin hole E. Bearing cap lip 
O eliminates oil spray from venti- 
lating air by preventing its escape 
at housing along shaft. 


sible and the drain plug usually 
found at the bottom of the housing 
has been removed. 

To eliminate throwing of oil a 
conical collar forming a seal and act- 
ing as an oil thrower has been 
placed on the shaft on the inside of 
the bearing. For the purpose of 


Fig. 3—The bearings on this motor 
ran a year and a half without the 
addition of oil. 


The shaft on the outside of the 
bearings is actually rusty while the 
windings are bone dry. This illus- 


tration shows the coupling end of 
Fig. 1. 


the motor illustrated in 


Vol.83, No.10 


dustproofing the housing, soft felt 
washers are placed at both ends as 
at J and M of Fig. 2. In very dirty 
places a double chamber cap can also 
be provided at the outside end of the 
bearing housing. 

We had had considerable trouble 
with the throwing of oil on motors 
running at speeds of 1,200 and 1,800 
r.p.m. and were much interested 
in determining what could be done 
to eliminate such troubles by means 
of this improved type of sleeve bear- 
ing. 

In particular, considerable trouble 
had been experienced from oil- 
throwing on the motors driving two 
booster fans. These fans are used 
for boosting the pressure in the 
powdered-coal fuel pipes leading to 
the sheet mill furnaces. Naturally, 
the motors are required to operate 
in a very dirty location. They oper- 
ate 24 hrs. a day. The motors are 
rated at 25 hp., three phase, 60 
cycles, 1,800 r.p.m., 220 volts and 
are of the squirrel-cage induction 
type. It was necessary to rewind 
these motors about once every eight 
months, due to the failure of insula- 
tion from being oil soaked. 

Inasmuch as these motors are 
vital to the continuous operation of 
the sheet mill, we decided to try a 
set of the improved type of sleeve 
bearings on one of them. Accord- 
ingly, we obtained two new end 
brackets which were equipped with 
the new bearings and installed them 
on one motor, as shown in Fig. 1. 
This set was installed Sept. 3, 1923. 
We were so well pleased with the 
operation of these bearings that an- 
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other set was installed shortly after- 
wards on the other booster fan. 

Up to the present time no oil has 
been added to these motors since the 
date of installation. The shaft on 
the outside of the bearings is actu- 
ally rusty, while the windings are 
bone dry. 

In our water treating plant there 
are two centrifugal pumps which 
are used for pumping feed water to 
the boilers of our power plant. The 
motors driving these two pumps are 
of the squirrel-cage type and are 
each rated at 20 hp., 220 volts, 60 
cycles, 1,750 r.p.m. The location 
of the motors is rather clean, but 
very damp. Shortly after the 
motors were installed, they started 
throwing oil. Hence we decided to 
equip these motors with end 
brackets having the improved type 
of sleeve bearing. The motors hav- 
ing these bearings were installed in 
April, 1924, and have been in con- 
tinuous operation ever since. They 
are giving results similar to those 
just described. This application is 
illustrated on this page in Figs. 4 
and 5. 

We have six 7'4-hp., 870-r.p.m 
squirrel-cage motors driving shears. 
This is rather severe service, for 
each time the shear makes a cut a 
heavy load is thrown on the motor, 
notwithstanding the fact that there 
is a flywheel on the shear drive and 
a non-metallic pinion on the motor. 
Each time a cut is made by the 
shear, the sudden application of load 
tends to make the shaft jump, thus 
forcing out the oil above and below 
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the shaft. Consequently, oil-throw- 
ing trouble was encountered even 
though the motor ran at a relatively 
low speed. 

During a period of three years, 
three winding failures which could 
be traced directly to oil, occurred on 
these six motors. These failures 
were further complicated by the 
fact that a semi-closed slot type 
stator was used, which was wound 
with single-cotton-covered, enameled 
wire. Inasmuch as the winding was 
originally dipped and baked by the 
manufacturer after being wound, a 
rather unreasonable expense was in- 
curred in stripping the oil-soaked 
windings. 

The oil troubles on these shear 
motors have been corrected by using 
the improved type of sleeve bearing. 

Again, considerable trouble from 
oil was encountered on six 5-hp., 
1,800-r.p.m., squirrel-cage motors 
driving furnace fans. These motors 
had been in service a year and a 
half and although no failures had 
occurred, it was necessary to 
thoroughly clean them twice during 
this period. Each cleaning con- 
sisted of washing with gasoline, 
drying and revarnishing. The ne- 


cessity for this frequent cleaning 


has been eliminated by the installa- 


Figs. 4 and 5— There was consider- 
able oil-throwing on these pump 
motors before improved bearings 
were installed. 

Improved bearings were installed on 
these motors in April, 4, and 
have been in continuous operation 
ever since, giving results similar to 
those obtained with the application 
shown in Fig. 3 
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tion of the improved bearing hous- 
ings for motors. 

Over a period of three years we 
had a winding failure on each of 
two 5-hp., 3, 450-r. p. m., squirrel-cage 
induction motors driving forge 
blowers. These two failures could 
be traced directly to oil trouble, 
which is not surprising considering 
the high speed of the motor. We 
have put the improved type of bear- 
ing on these two motors and 80 far 
the results obtained are highly sat- 
is factory. 

We are now equipping with the 
new bearings, six 5-hp., 1,160-r.p.m., 
squirrel-cage motors which drive the 
gas producer grates. These are 
gear drives and are located in a very 
dirty atmosphere. Considerable oil 
trouble has been had from these 
motors. This is believed to be ag- 
gravated somewhat by the fact that 
the motors are geared to the grate 


drive. However, we expect these 
new bearings to eliminate our 
trouble. 


So far these bearings have not 
only eliminated considerable repair 
expense from the failure of oil- 
soaked windings, but have also cut 
our maintenance cost for cfeaning 
and washing the windings of the 
motors. The bearings also save con- 
siderable oil inasmuch as the oil- 
throwing is stopped. In fact, it is 
no longer necessary to have an oiler 
make regular rounds to the motors 
equipped with these bearings. In 
addition to the foregoing there is 
the reduction in delays due to motor 
failures. 
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Some Practical 
Viewpoints on the 


Features That Distinguish 
a Good Lighting System 


In an Industrial Plant, Together With a Discussion 
of the Factors That Must Be Considered When 
Planning a Lighting Installation According to 


Modern Standards 


By ROY A. PALMER 


National Lamp Works of General Electric 
Co., Nela Park, Cleveland, Ohio 


UCH has been written and 

| \ / said concerning better 

lighting and its benefits in 

the industries, but there are still 
many factories which are poorly 
lighted because of the lack of knowl- 
edge as to what good lighting is. 
Then, too, there are, perhaps, many 
recently installed lighting systems 
which measured fully up to modern 
standards when new, but have fallen 
below that standard through neglect. 
This neglect can also be attributed, 
in part, to the fact that plant execu- 
tives may not be in a position to 


A LIGHTING SYSTEM that is 


fully up to modern standards is 


not entirely a matter of installing 
lighting units, wiring and conduit. 
For the effective utilization of this 
equipment there must be careful 
consideration of a number of fac- 
tors, including the level of illumi- 
nation required for the work done, 


selection of lighting units that will, 
without glare, give a uniform dis- 
tribution of light with a minimum 


of shadows, and so on. In this 
article, which is the second of a 
series, Mr. Palmer discusses some 
of these factors and describes the 
lighting equipment that is available 


for use under different conditions. 


Fig. 1—A system of general light- 
ing gives this machine shop a 
cheerful and stimulating atmos- 
phere. 

This lightin system consists of 
1,000-watt, clear Mazda lamps in 
RLM reflectors. The lighting units 
are spaced 25 ft. in one direction 
and 80 ft. in the other; the mount- 
ing height is 40 ft. The intensity 
of illumination is 8 foot-candles. 


judge the quality of the illumination 


in the plant and therefore when the 
lighting depreciates or becomes in- 
adequate for the work at hand it 
remains uncorrected. Those who are 
responsible for the lighting of the 
plant should acquaint themselves 
with the essentials of good lighting, 
so that they can correctly appraise 
the adequacy of the illumination. 
Then the possibility of losses from 
reduced production, accidents, etc., 
which are attributable to poor light 
will be greatly minimized. 


QUALITY OF LIGHT FURNISHED IS 
IMPORTANT FACTOR 


One of the most prolific causes of 
poor light is glare. Clear, unshaded 
lamps are the principal sources of 
glare. Drop cords hung promiscu- 
ously about the room are often 
equipped with unshaded lamps, while 
some are fitted with flat or tin cone 
reflectors which are worthless both 
from the standpoint of protection 


from glare and from the standpoint. 


of properly directing the light. 
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Some Earmarks of a 


Defective Lighting System 
(1) Unshaded or clear lamps, ex- 
posing filament. 


(2) Lamps suspended by drop 
cords throughout the room. 

(3) Lamps equipped with anti- 
quated reflectors. 

(4) Lamps too small in size. 

(5) Dirty lamps and reflectors. 


(6) Lamps and lighting current 
of different voltage rating. 


(7) Lighting units too far apart. 
(8) Dark shadows with sharp out- 
lines. 


(9) Gloomy atmosphere in the 
room. 


(10) Lamps mounted at varying 
heights from the floor. 


Where lamps are suspended by drop 
cords, they are continually in need 
of adjustment in order to illuminate 
the work. The result is that the 
lamps become badly finger-marked 
and soiled, thus reducing the light 
output of the lamp and creating an 
unsightly appearance. Furthermore, 
considerable time is lost in adjusting 
the position of the lamp to best suit 
the illumination requirements. Good 
illumination is not obtained by hap- 
hazard placing of units about the 
room. It is, therefore, obvious that 
drop cords spaced and mounted at 
random are earmarks of a poor 
lighting system. 

Improper reflecting equipment 
constitutes another of the faults of 
many factory lighting systems. An- 
tiquated reflectors are still in use in 
many factories today, notwithstand- 
ing the fact that standardized, sci- 
entifically-designed reflectors have 
been available for some time. The 
reflecting equipment shown in Fig. 2 
is now obsolete and has been re- 
placed by the standard RLM dome. 
Two types of reflectors which pre- 
ceded the RLM dome are graphically 
compared with the latter in Fig. 3. 
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As will be seen, the advantages of 
the older types of reflectors have 
been retained in the RLM dome, 
while the objectionable features 
have been eliminated. 


477 


M Standerd Donie 
as the advantages ef 
these two elder types ot reflectors 

B 


With the wider use of large lamps, =i 


the danger from glare increased. 
The necessity of protecting the eye 
from undue brightness of the fila- 
ment was solved by providing a 
sufficient shielding angle on the re- 
flector and coating the bowl of the 


lamp with enamel, so as to soften | 


the light from the bright filament. 
Clear lamps should not be used 
where the units are mounted less 
than 20 feet above the floor. In 
many instances, clear lamps are used 
in replacing burned-out lamps where 
the mounting height is less than 
20 ft. The brightness of clear 
lamps at low mounting heights is 
decidedly objectionable and especial 
care should be exercised to insure 
that bowl-enameled lamps are used. 


SIZE OF LAMPS REPLACING BURNED- 
OUT UNITS IS IMPORTANT 


In many plants, too little consider- 
tion is given to the proper size of 
lamp. Too often when burned-out 
lamps are replaced, lamps of the 
wrong size are substituted. If the 
new lamp is smaller, than the one it 
replaces, there will be a decrease in 
the amount of illumination supplied. 
Then, too, various sizes of reflectors 
require specific sizes of lamps. If a 
lamp of a size other than that called 
for by a particular size of reflector 


is used, the efficiency and distribu- 


H 2—Here are some examples of 
lighting equipment that is consid- 
ered to be obsolete. 


The equipment shown is as fol- 
lows: 1890, bare carbon lamp; 1895, 
tin cone reflector with carbon lamp; 
1900, cluster with mirror reflector, 
using carbon lamps; 1905, flat cone 
reflector with tungsten lamp; 1910, 
bowl reflector with tungsten lamp; 
1916, dome-shape reflector (a mean 
between the flat and bowl types) 
with gas-filled tungsten lamp; 191 
metal dome reflector and tungsten 
lamp fitted with metal-cap diffuser. 


Fig. 3—How the standard RLM 
dome reflector compares with the 
shallow dome and deep bowl, two 
common but older types of re- 
flectors. me 


tion of light will be affected. This 
condition exists because each size of 
reflector is designed for a definite 
position of the lamp filament when 
the lamp is in the reflector. Thus, 
if the lamp is too small for the re- 
flector, the efficiency of the reflector 
is lowered and the distribution of 
light is distorted. If the lamp is too 
large, the lamp will be too low and 
the filament will not be properly 
shielded by the reflector. Glare will, 
ation is given to the proper size of 
source. 

The table on page 478 shows the 
lamp sizes for use with the vari- 
ous sizes of RLM standard dome re- 
flectors. It will be noted that those 
lamps which have the same light- 
center length can be used in the same 
size reflector. To guard against the 
use of the wrong lamps, it may be 
well to stencil the proper lamp size 
on the reflectors. 

When lighting units are located 
promiscuously about the room, the 
illumination will not be uniform. In 
some parts of the room the light will 
be insufficient and heavy shadows 


will be caused by the predominance 
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Fig. 5—The RLM standard dome 
reflector meets most industrial re- 
quirements where a direct lighting 
system is used. 


The upper illustration shows the 
general shape of the RLM standard 
dome. Below is a bottom view of 
this reflector equipped with a bowl- 
enameled lamp. See Fig. 3 for a 
comparison of the results obtained 
when bowl-enameled and clear 
lamps are used, 


of light from the well-lighted parts 
of the room. The units of a general 
illumination system should not be 
mounted at different heights from 
the floor. For the average factory 
workroom the socket should be about 
10 ft. from the floor. In large fac- 
tory buildings where the ceilings are 
high and where there are traveling 
cranes, the mounting height will, of 
course, have to be higher. Large 
lamps at relatively large spacing dis- 
tances will, at high mounting 
heights, give the desired level of 
illumination. 

The plant executive should keep 
the foregoing points in mind when 


he inspects the lighting system in. 


his factory. By so doing he will be 
able to determine whether or not the 
illumination is of adequate quantity 
and quality and can quickly detect 
the faults that need correction. 


POINTS TO CONSIDER WHEN PLAN- 
NING A LIGHTING SYSTEM 


In many plants, the lighting sys- 
tem is such that it may require 
complete revamping in order to put 
it in proper condition. The addi- 
tional wiring necessary to place the 
new units properly may be sufficient 
to justify rewiring of the entire 
room or plant, instead of trying to 
utilize the old wiring. Furthermore, 
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the old wire may not be large enough 
to carry the added load occasioned 
by more and larger-sized lamps. On 
the other hand, it may be possible 
to utilize the existing wiring to the 
fullest extent without much change. 


In any event, the planning of a new 


lighting system will involve careful 
consideration of a number of factors 
depending upon conditions in the 
plant in which the lighting system is 
to be installed. 


The nature of the work performed 


will largely determine the amount of 
light necessary. Where the work 
requires close visual application, a 
high level of illumination should be 


Fig. 4—These types of lighting 
equipment are used for special 
applications. 


The unit shown in (1) is a metal 
reflector having a dust- and water- 
proof glass cover. Wire glass is 
used to minimize breakage. It is 
designed for use in shipping rooms, 
railway yards and like places. 
(2) is a unit for local lighting. A 
deep bowl reflector completely con- 
ceals the lamp, thus protecting 
against glare. It is suspended on a 
cord which can be adjusted to any 
desired height, or raised out of the 
way. (3) is a silvered glass re- 
flector for use where the mounting 
height is high, as above traveling 
cranes, and where it is not neces- 
sary that any light should reach the 
ceiling. (4) is a prismatic-glass re- 
flector. Ample light goes upward to 
illuminate the ceiling. This reflector 
is adjustable for lamps of different 
sizes. Marks on the stem indicate 
the position of the support for the 
various sizes of lamps. (5) is a pris- 
matic-glass, vaporproof unit for use 
with lamps which are not so large 
as to produce objectionable glare. 
(6) is a metal reflector having a 
holder to take a vaporproof glass 
enclosing globe. It is intended for 
use in chemical plants, in paint 
and varnish rooms or in places 
where there is danger of igniting 
dust. (7) is an elliptical angle re- 
flector for lighting wide spaces, or 
to supplement lighting from over- 
units which are mounted 
It is suited for interiors with 
high ceilings, exterior lighting in 
yards, roadways, walks, etc. (8) is 
an angle reflector for lighting 
smaller areas similar to those men- 
tioned in (7). 
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Lamp Sizes for 
RLM Dome Reflectors 


DIAMETER OF 
REFLECTOR 


PROPER MAZDA 
LAMP 


75-watt 
150-watt 
200-watt 

300-, 500-watt 
750-, 1,000-watt 


provided in order to safeguard the 
worker’s vision and to insure accu- 
racy in his work. Where the nature 
of the work is rough and the de- 
mands in the way of vision and ac- 
curacy are not so great, less illumi- 
nation will suffice. However, the 
level of illumination in places where 
rough work is done, such as in ship- 
ping rooms, foundries, etc., is usually 
far below what it should be. 

The three general systems of light- 
ing—direct, indirect and semi-indi- 
rect—distribute the light by means 
of reflecting equipment which has be- 
come fairly well standardized. For 
most factory work, direct lighting 
systems using the RLM metal re- 
flector have found great favor. There 
are few industries where dirt and 
dust preclude the use of indirect or 
semi-direct systems, which depend 
upon the reflecting power of the 
walls and ceilings. In offices, em- 
ployes’ rest rooms, conference rooms, 
lunchrooms and the like, these sys- 
tems may prove to be very desir- 
able. Some of the lighting equip- 
ment available for special applica- 
tions is shown in Fig. 4. 

When the lighting of the factory 
is under consideration, most of the 
attention is usually centered upon 

(Please turn to page 506) 
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m i e Bureau of Standards, in collaboration 
Ge: f with The Leather Belting Exchange. In 
this article, Mr. Arny discusses the im- 
portant parts of these Specifications and 
1 0 `~ describes easily-applied tests which will ng 
Tm a . show the quality of the leather used in Ees 
9 a belt. 
obtained in these tests are interpreted in 
terms of how they affect or determine 7 
quality. 5 


by experienced men. To provide simple * 
E5 tests which would aid in determining 
1 ~ © the quality of belting, the accompanying 
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Simple and 
Practical Tests for 


Determining the Quality 
of Leather Belts 


Whereby Operating Men Can E asily Ascertain 
Whether the Proper Quality of Leather Has Been 
Used for the Service Required ) 


By LOUIS W. ARNY 


Secretary, The Leather Belting Exchange, 
Philadelphia, Pa. 


EATHER belting, like many other 
materials used in industrial 
work, cannot be judged by 

appearances alone. The purchaser 
is buying ability to transmit power 
continuously and with a minimum of 
servicing. The appearance and feel 
of the belt, except to a man who is 
engaged in the manufacture of belt- 
ing, and even he can be deceived 
sometimes, indicate but little about 
the reliability of the belt in opera- 
tion. Because leather belting is a 
technical commodity which is sold 


commercially, the fact that it is tech- 
nical is altogether too often over- 
looked. In many cases neither buyer 
nor seller has any knowledge of its 
technical nature. Too often the 
buyer thinks “a belt is a belt” and 
buys from the lowest bidder. 

Ten years ago belting was almost 
purely a commercial product; today, 
it is highly technical. Much of this 
difference is due to the way belting 
manufacturers have used the work 
which has been done by the Research 
Laboratory under the direction of 
the Engineering Department at Cor- 
nell University, which has been 
maintained by The Leather Belting 
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Making adhesion tests on a strip 
of belting leather. 


This illustration shows a represen- 
tative of a large industrial organ- 
ization making acceptance tests in 
the laboratory of the Chicago Belt- 
ing Company. Here a strip of belt 
is placed over a fixed pulley with a 
56-lb. weight at one end and a 
special spring scale and lever at 
the other. The operator pulls down 
on the leves until the belt starts to 
slip, which raises the weight and 
is indicated by the hand on the dial 
of the scale turning backwards. 
The reading on the dial plus the 
weight of the scale minus 56 lb. 
gives the adhesion on the pulley. 
The belt is 1%-in. wide so that the 
56 lb. represents a tension of 36 Ib. 
per in. of width, which represents 
standard operating practice. The 
Olsen testing machine at the right 
is used for making tensile strength 
tests. Industrial plants which do 
not have testing machines similar 
to this will find commercial testing 
laboratories in practically all cities 
of any size. 
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Exchange. Here studies have been 
made on the performance of belts in 
motion, the methods of operation, the 
characteristics of the materials of 
which they are made, their manufac- 
ture, and their adaptation to their 
purpose. Engineering, chemistry, 
photography and microscopy have 
contributed toward the solution of 
the problems of belt transmission, 
and those belting manufacturers who 
have participated in this work and 
have studied the effects of stresses 
and strains and of tensions and slip- 
page, have been educated in the 
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The 
show which part of the hide is 
used in making the belt. 


To make this test, a piece of single 
belt is bent over a form 2 in. in 
diameter, 
side next to the form: 


“piping” test is applied to 


with the grain or hair 

If the belt 

wrinkles on the inside, as shown - 
here, it can be assumed that the 
belt was made from leather taken 

from the lower part of the side. 

This part of the hide is used for 

making second- and third-grade . 
belts, which give very good service 

in some types of applications. 

Leather taken from the lower part 

of the side is not, however, used 

by belting manufacturers for first- 

quality belts. Belting made from 

the lower part of the side not only 

has considerable stretch but a com- 

paratively small amount of elastic- 

ity which makes it unsatisfactory 

for severe conditions. Under many 

ordinary operating conditions belts 

do not get severe service and so 

these factors do not make any par- 

ticular difference. 


manufacture of belting as a technical 
unit in transmission, and are mak- 
ing belting today to serve a technical 
purpose. 

It has always been difficult for 
those who have only a casual knowl- 
edg of leather to detect ihferior qual- 
ities of leather belting, or to recog- 
nize superior qualities. The leather 
belting market always has more than 
its share of inferior product; one 
reason for this is that, on casual in- 
spection, the inferior and the supe- 
rior belt look so much alike that rela- 
tively few can distinguish between 
them by appearance alone. Research 
work in leather belting has, however, 


shown a large difference between the 


values of good and poor belting. 
Efforts to make possible a closer 
discrimination between qualities 
have been made through the estab- 
lishment of Standard Specifications 
for leather belting, by collaboration 


Here a belt is undergoing the run- 
ning-in test. 

A piece of belt is placed under ten- 
sion. the amount of which is indi- 
cated by the dials in the cables at 
the right. and driven to determine 
its straightness in running, and the 
temporary and permanent stretch 
from which the elasticity is com- 
puted. This illustration was also 
taken at the Chicago Belting Com- 
pany’s laboratory. 
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between The Leather Belting Ex- 
change and the United States Bureau 
of Standards at Washington. These 
Specifications are used by the vari- 
ous Bureaus and Departments of the 
Government in the purchase of 
leather belting. Extracts from these 
specifications are given on pages 482 
and 483. These Specifications go 
fully into all the details of quality, 
and where the material is properly 
inspected and tested, discrimination 
between the good and the bad is 
made with certainty. The applica- 
tion of a complete test, however, is 
difficult, except for those concerns 
which have testing laboratories; 
those not so equipped must often de- 
pend upon the judgment of persons 
not well informed about leather. In- 
dustrial men, however, can generally 


determine whether belts are made of 


the poorer grades of leather by using 
only a part of these tests, as will 
be explained later in this article. 
These Specifications are written 
from both a technical and a practical 
point of view and do not attempt to 
include requirements which cannot 
be determined directly from a study 
of the piece of leather belting. For 
example, former methods of specify- 
ing leather belting required that the 
belting should be made from “Packer 
No. 1 Steers” and that it should be 
cut not more than a certain distance 
from the backbone. Neither of these 
requisites can be determined from a 
study of the leather itself, and so 
were omitted in these Specifications. 
Also, many specifications prohibit 
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This sample of leather belt has 
passed the piping test. 


As will be seen, this sample of 
single leather belt does not “pipe” 
when bent over a form 2 in. in 
diameter. “Heavier belts are tested 
by bending over a form of larger 
diameter. 


grub holes in the leather used in 
belting. The practical difficulty of 
obtaining a sufficient amount of 
leather without grub holes was rec- 
ognized and so a certain number of 
grub holes (Paragraph 2, in Specifi- 
cations) are permitted. However, no 
allowance is made in the required 
strength of the belt on account of 
these holes. The idea in mind 
throughout the preparation of these 
Specifications was to give qualities 
or characteristics which would indi- 
cate good belts, and could be easily 
applied with a reasonable degree of 
speed and accuracy. 

-These Specifications require cer- 
tain qualities in leather and provide 
numerous tests for determining 
these qualities. All of these tests 
are necessary to classify fully the 
quality of the belt. In many cases, 
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The cracking tests also help to 
determine the quality of the belt. 


In making the cracking test, a sam- 
ple of belting is bent over a special 
form in much the same way as in 
making the piping test, but with 
the grain side out. If small cracks 
develop in the leather, the belt has 
not been properly curried. Curry- 
ing consists in working into the belt 
the proper amount of animal oil or 
grease to replace the natural oils 
and greases removed in the tanning 
of the leather and provide a lubri- 
cant for the fibers in the leather. 


however, definite inferiority is indi- 
cated upon the application of a few 
simple tests, without going very far 
into the Specifications. 

Belting leather, as everyone 
knows, is made from the hide of 
beef cattle, preferably the steer; this 
hide is a fibrous covering provided 
by nature for the protection of the 
animal. The structure and composi- 
tion of leather and the importance 
of these factors in leather belts are 
not so well understood. Hide is 
composed of an inner membrane, 
which lies next to the flesh, and an 
outer layer of finer fiber, in which 
the hair is embedded. The inner 
side of the leather is called the flesh 
side and the outside the grain side. 

Between this inner layer of mem- 
brane and the outer layer of fiber 
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Tensile strength of different 
parts of the steer hide. 


The drawing at the right shows 
the parts of a hide which are 
used for first and second quality 
belting. The drawing above 
shows how the tensile strength 
varies according to the location 
of the stri of leather in the 
original hide. Although belting 
made from leather down on the 
side of the hide is stronger, it is 
not elastic, and stretches. These 
sketches were made by R. C. 
Moore, Chief Engineer, Chas. A. 
Schieren Co., New York City. 


are millions of little fibers which 
vary in length on different parts of 
the animal, but all are attached 
either to the inner membrane, or to 
the outer fiber, and to each other, 
thus forming a mat or felt of fibers, 
which in motion work on each other 
and possess great strength. Accom- 
panying illustrations show a highly- 
magnified cross-section of steer hide 
and of leather. In the process of 
tanning this fibrous material is 
changed into a strong and flexible 
substance which is not affected by 
the ordinary solvents of nature, such 
as air, water and so on, and is very 
resistant to the attacks of fungi and 
bacteria; hence leather is probably 
one of the most durable materials 
we have. 

Over the backbone of the animal 
the fibers are shorter, denser, and of 
slightly less tensile strength and less 
stretch. These fibers change in their 
nature farther down the side of the 
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animal from the backbone; about 
half-way down the fibers are longer, 
but not so dense, and stronger. 
Farther toward the belly of the ani- 
mal the fibers are still longer, with 
a higher tensile strength, but with 
more stretch and less elasticity. It 
is desirable, therefore, that belts 
should be made of the upper half of 
the side of the animal. This part 
constitutes, roughly, according to 
the size of the animal, a strip equiv- 
alent to about 15 in. wide on each 
side of the backbone. In the exam- 
ination of belting, the question 
therefore becomes important 
whether the belt is of first quality 
and is made of that portion above a 
line drawn 15 in. from the backbone, 
or whether it is made of that portion 
lying further down on the side and 
nearer the belly. The diagram of a 
hide shown above indicates the por- 
tions of the hide used in making 
first and second grade belts. 

The part of the hide from which 
the belt was made can be determined 
with a reasonable degree of aceuracy 
by the “piping” tests, which are pro- 
vided in Paragraph 31 of the Specifi- 
cations. This test consists of bend- 
ing a piece of the leather around a 
form of a prescribed diameter with 
the grain or hair side on the inside 
of the bend. This test is based on 
the fact that the leather in the lower 
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Making the test for piping on a 
side of leather before it is used 
for belting. 


This shows a side of leather after 
the part which is not used in mak- 
ing belts is trimmed off and the 
leather stretched. A piece about 30 
in. wide in the center of this, ex- 
tending about 15 in. on each side 
of the backbone, is used for making 
first-quality belts. The strips below 
that section are used for second- 
and third-quality belting, respect- 
ively. Courtesy the Chicago Belt- 
ing Company. 
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half of the hide with its longer and 
looser fibers is softer and spongier 
than the upper part, and that the 
grain surface of the leather is not 
so firmly attached to the inner fiber. 
When bent over this form, belt from 
the lower part of the hide will 
usually develop wrinkles or pipes“ 
in the grain on the inside of the 
bend, as shown in an accompanying 
illustration. 


INDUSTRIAL ENGINEER 


It is possible to produce pipes in 
almost any piece of leather by bend- 
ing it often and close enough, and 
applying sufficient force. To make 
the test perfectly fair the Specifica- 
tions provide that a single leather 
belt shall not show pipes, or piping, 
when bent over a form 2 in. in diam- 
eter; a double belt up to 17/64 in. 
thick when bent over a form 4 in. in 
diameter; and a double belt 19/64 
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in. thick or over when bent over a 
form 6 in. in diameter. 

Practically all leather stock from 
the lower part of the side will show 
piping under this test even when it 
has been rolled hard to prevent it 
showing; hence, it is not desirable 
for severe belting service because it 
does not offer a firm pulley surface. 
Occasionally, also, pieces from the 
upper part of the hide will show pip- 


Specifications for Testing Leather Belting to Determine Quality 


I. Material Covered 


(1) These specifications are for 
use as the basis of purchase for 
miscellaneous sizes, single and 
double ply, of first quality vegetable 
tanned (so-called oak tanned), 
leather belting for general use; 
also waterproof-dressed and water- 
proof leather belting. 


II. Standard Specifications 


A. Quality of the Leather 

(2) All belting leather shall be 
made from green salted hides, and 
be free from brands, soft or spongy 
spots, and open grub holes, except- 
ing that when made into belting, 
30 per cent of the strips in any 
belt, or roll of belting, may con- 
tain a maximum of three open 
grub holes in each of such strips. 

(3) The hides shall be tanned 
with oak bark, or a combination of 
vegetable tanning materials. 

(4) Stufing—Animal oils and 
‘greases shall be used for stuffing 
the leather, or a mixture of these 
and mineral oils in such propor- 
tion as will provide maximum 
strength and pliability. 

(5) Adulteration—The use of 
Epsom salts, glucose, barium chlo- 
ride, or other materials for weight- 
ing the leather, is prohibited. The 
presence of a greater amount of 
stuffing content than hereinafter 
specified shall be considered as 
adulteration. 

(6) Stretching—All leather after 
stuffing shall be thoroughl 
stretched while still damp, and left 
under tension until dry. All belt 
pieces shall have the stretcher 
marks cut off. 

(7) Finish—The grain or hair 
side shall be finished smooth, and 
the leather shall be thoroughly 
fleshed. 

(8) Cutting—All strips shall be 
cut from the center portion of the 
hide, at such distance from the 
backbone as to include only firm 
stock, and to exclude second qual- 
ity leather, and at such distance 
from the root of the tail as will 
exclude all shoulder stock, provided 
that the length of the strips shall 
be as hereinafter specified. 


B. Construction of the Belting 


(9) Length—No sectional strip 
shall be more than 54 in. in length, 
including the lap. The minimum 


The Bureau of Standards of the De- 
partment of Commerce, in collabore 
tion with The Leather Belting Ex- 
change, an association of leather belt 
manufacturers, devised the following 
specifications which are used in test- 
ing leather belting purchased by the 
Departments of the Government. 


length of any strip shall be 36 in. 
including the lap, excepting that in 
double belts one-eighth of the total 
number of pieces may be between 
20 in. and 36 in., provided that 
these short pieces shall not occur 
consecutively. The minimum length 
shall not apply to the end pieces of 
rolls or cut lengths. 

(10) Joining—In single belting 
the strips shall be joined shoulder 
end to shoulder end, and butt end 
to butt end. In double belting the 
pieces shall be joined shoulder end 
to butt end. 

(11) Selection—In all single 
belts 8 in. and over in width, back- 
bone center strips shall be used. 
The backbone mark must appear 
running lengthwise approximates 
in the center of each strip. In all 
double belts from 8 in. up to 10 in. 
in width, backbone center 1 
shall be used in one ply and the 
backbone mark shall appear run- 
ning lengthwise approximately in 
the center of each strip. The other 
ply shall be cut from the location 
prescribed for first quality stock. 
In all double belts 10 in. and over 
in width, both plies shall be made 
from backbone center strips, and 
the backbone mark shall appear 
running lengthwise approximately 
in the center of each strip. The 
same quality of leather shall be 
used in both plies of all double 
belting. , 

(12) Length—The length of laps 
155 be within the following 
imits: 


Table I. Length of Laps in Inches 


LENGTH oF LAPS 


THICKNESS BELTS, BELTs, 6 IN. 
PLy—IN INCHES UNDER 6 IN. AND OVER 
Single— 


Under 10/64 2% to 6 3 to 8 

10/64 and over 3 to 8 314 to 10 
Double 

Up to 17/64 2% to 3% 3 to 4 

19/64 and over 3 to 4 3 to 


(13) Location The minimum 
distance between any two laps in 
the separate plies of double belting 
shall be 8 in. 

(14) Point of Lap The point of 
all laps shall be at right angles 
to the edge of the belt. 

(15) Direction—All laps shall 
run in the same direction. 

(16) The laps of both single and 
double belts, and the plies of dou- 
ble belts, shall be thoroughly ce- 
mented together. When pulled 
apart the cemented surface shall 
not appear glazed or shiny. 


Width 
(17) Standard W id t hs—The 
standard widths of belt shall be 
from % in. to 72 in., increasing 
by % in. up to 3 in.; % in. to 6 
in.; 1 in. up to 10 in., and 2 in. 
above 10 in. . 
(18) The maximum variation 
from the nominal width shall be 
in accordance with the following: 


Table II. Sa from Nominal 
i 


WIDTH OF BELTING TOLERANCE 


Under 2 in. Not less than nominal 
2 to 24 in. inclusive. One per cent 
Above 24 in. % of 1 per cent 


Thickness | 
(19) The thickness for the dif- 
ferent grades of belting shall be 
in accordance with the following: 


Table III. Thickness of Belts 


AVERAGE THICKNESS IN INCHES 
- GRADB SINGLE PLY DouBLE PLY 


Light 8/64 up to 10/64 15/64 to 17/64 


Medium . . 10/64 up to 12/64 19/64 to 21/64 
Heavy ........ 12/64 up to 14/64 23/64 to 25/64 


The average thickness shall be 
determined by measuring the thick- 


-ness of 15 to 20 plies of the belt 


when rolled, and dividing this value 
by the number of plies measured. 
(20) Uniformity—No point in 
either single or double belt shall 
be more than 2/64 in. thicker, nor 
more than 2/64 in. thinner than 
the average thickness. 

(21) Leveling and filling—The 
excessive use of shims and filler 
strips and excessive splitting or 
leveling is prohibited. 

(Continued on the opposite page) 
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ing under this test. However, re- 
gardless of the part of the hide from 
which the piece is taken, the pres- 
ence of piping indicates a looser 
fiber than is required for the best 
leather belting, and in most cases 
indicates that the leather was taken 
from the lower part of the side. 

It is not possible to determine 
much about the quality of the leather 
by its feel, because the makers of 


* 
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inferior commercial grades of belt- 
ing have learned the trick of rolling 
and “jacking” (rubbing in one direc- 
tion with a glass head) their 
leather, and filling it with materials, 
such as Epsom salts, glucose, barium 
chloride, and others, to solidify it, 
that make the feel“ very deceptive. 
The piping test, if properly applied, 
will show the real quality of belting. 

Still another test is applied by 
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bending the leather over a similar 
form, with the grain side outside, to 
detect cracking of the grain, as dis- 
cussed in Paragraph 30 of the ac- 
companying Specifications. If this 
test shows that the leather cracks, 
that is, if it develops a series of 
minute cracks running across the 
width of the belt, the material either 
has not been properly tanned, or has 
not been properly curried, and is not 


| 


Specifications for Testing Leather Belting to Determine Quality 


(22) All belting shall be stamped 
on the grain side with the maker’s 
name and brand; and a stamp in- 
dicating the direction in which the 
belt is to run. Each stamp shall 
be repeated every 10 ft. through- 
out the entire length of the roll 
of belting. . 

(23) Waterproof-dressed belting 
—This type of belting shall con- 
form to all the requirements of 
this specification. In addition it 
shall be treated with a waterproof 
dressing. 

(24) Waterproof belting—This 
type of belting shall conform to 
all the requirements of this speci- 
fication. In addition, it shal 
treated with a waterproof dress- 
ing. The laps and plies shall be 
S with a waterproof ce- 
ment. 


III. Technical Tests 


A. Physical Tests 

(25) Leatker— All leather shall 
have a minimum tensile strength of 
3,000 lb. per sq. in. of cross sec- 
tion, an average tensile strength 
for single belts of 3,750 lb. per sq. 
in., and for double belts, of 3,500 
re p sq. in. The average shall 


etermined with five test speci- 
mens selected at random from dif- 
ferent parts of the sample being 
examined. 


Test specimens of the size and 
shape as shown above shall be cut 
with a metal die. The edges of 
the test specimen shall be cut per- 
pendicularly. The minimum thick- 
ness inside the gage marks shall 

used in determining the area 
of the cross section of the test 
specimen. 

(26) Laps and plies—The laps 
of both single and double belting 
shall not open when subjected to 
a tensile stress of 2,500 lb. per 
sq. in. The opening of the laps 
shall be determined by testing two 
enacimans cnt across the point of 
the lap wise of the sample. 
For double belting the test shall 
be made on the single ply. 


(Continued from the preceding page) 


(27) The average elongation at 
a tensile stress of 2,500 lb. per sq. 
in. shall not exceed 15 per cent. 
The average shall be determined 
with the same five test specimens 
used for determining the tensile 
strength. 

To determine the amount of elon- 
gation, parallel gage marks 2 in. 
apart shall be placed upon the re- 
stricted portion of the test speci- 
mens. he distance between the 
gage marks shall be measured with 
a pair of spring dividers, at a ten- 
sile stress of 2,500 lb. per sq. in. 
The amount of stretch shall then 
be determined by measuring the 
opening of the dividers on a scale. 

This test will be made on each 
lot of 2,000 ft., or fraction thereof. 

(28) The following stretch test 
shall made on the finished belt- 
ing up to, and including, 6 in. in 
width. Any section of a roll or 
belt shall be selected (which shall 
not be cut out) on which gage 
marks shall be placed 10 ft. apart. 
Suitable clamps shall be attached 
on the marks so that the distance 
between the clamps shall be 10 ft. 
The section shall then be suspend- 
ed in a vertical position from one 
of the clamps. Sufficient weight, 
including the weight of the clamp, 
shall attached to the lower 
clamp to produce a tensile stress 
of 750 lb. per sq. in. of the aver- 
age cross section of the section be- 
ing tested. The section after be- 
ing subjected to this tension for 
15 min. shall show a length be- 
tween gage marks not to exceed 
10 ft. 7.2 in. or 6 per cent stretch. 

(29) Measure of Elasticity—The 


‘clamps shall then be removed, and 


the section allowed to lie loosel 
on the floor for 17 hr., after whic 
time the length between the gage 
marks shall not exceed 10 ft. 1.6 
in. or 1% per cent of stretch. 
(30) The leather shall not crack 
on the grain side, and the laps 
shall not open at the points, when 
the belting is bent through angles 


Table IV. Forms for Cracking Test 


DIAMETER 

THICKNESS, IN. Form, IN. 
Under 10/64 (Average) 1 
Single. 10/64 and over 1 
Up to 17/64 3 
Double. 19/64 and over 4 

ꝶFFEͤ00 n...... a) 


BELT 


of 180 deg. grain side out, over 
forms as specified, Table IV, for 
the different grades and thick- 
nesses. 

(31) The leather shall not show 
wrinkles on the grain side (com- 
monly called “piping,” and indi- 
cating looseness of fiber found in 
“side-stock,” or second quality belt- 
ing), when bent through angle of 
180 deg. with grain side in, over 
forms as specified below for the 
different grades and thicknesses. 


Table V. Forms for Piping Test 


DIAMETER 

BELT THICKNEssS, IN. Form, IN. 
Single All 2 
Double. 0... Up to 17/64 4 
19/64 and over 6 


Water Absorption Test 


(32) A sample of waterproof- 
dressed, or waterproof belting, 12 
in. long, shall be weighed, and then 
immersed in water, at room tem- 
perature for 5 hr. When removed 
from the water, the sample. shall 
be wiped and again weighed. The 
percentage of water absorbed shall 
not exceed 8 per cent. This test 
shall be made on every lot of 2,00U 
ft., or fraction thereof. 


Testing of Waterproof Cement 

(33) The sample of waterproof 
belting tested for water absorp- 
tion shall be again immersed in 
water, until the total period of im- 
mersion is 24 hr. he sample, 
after removal, shall be allowed to 
dry under room conditions for 24 
hr. The laps and plies shall not 
open when the sample is bent 
around the proper form, as speci- 
fied in Paragraph 30. 


NoTE: The remaining para- 
graphs of the Specifications cover 
the chemical tests of leather and 
the results which are required. 
The facilities of a chemical lab- 
oratory are needed to make these 
tests but they are not too difficult 
to be carried out by any industrial 
chemist. Industrial men who have 
the necessary facilities and desire 
further information on these chem- 
ical tests may obtain a complete 
set of Specifications by addressing 
Louis W. Arny, Secretary, The 
Leather Belting Exchange, 417 
Forrest Bldg., Philadelphia, Pa. 
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The natural grain of the leather 
and the fibrous cushions which grip 
the pulley. 


This piece of belt surface has not 
been worked so heavily as has the 
leather in the accompanying illus- 


tration at the right. It is possible 
by working or jacking, which is a 
process of polishing by rubbing in 
one direction with a glass-headed 
tool, to put a high finish, even on a 
low grade of leather, so that ap- 
pearance is very deceptive in judg- 
ing the quality of leather. ow- 
ever, a belt which has been worked 
or jacked heavily, does not transmit 
as much power as does leather 
which is left more nearly in the 
natural condition. 


suitable for serviceable belts. Curry- 
ing is the process of working animal 
oils or greases into the leather to 
replace the natural oils or greases 
which are removed during the tan- 
ning process. This makes the leather 
pliable and lubricates the fibers as 
they move on each other when the 
belt is bent and straightened as it 
passes over the pulleys. 

The next important test is the 
tensile strength test, although it is 
important only in connection with 
other tests, since the poorest part of 
the hide shows the greatest tensile 
strength. Hides vary so much in 
substance and strength in their dif- 
ferent parts, that it is not possible 
to test but one piece of belting and 
to consider the result as the tensile 
strength of the entire belt. The 
specifications (Paragraph 25) meet 
this condition by providing that the 
test shall be made on five test speci- 
mens, selected at random from dif- 
ferent parts of the sample being 
examined, and that these shall aver- 
age 3,750 lb. per sq. in. of cross-sec- 


A highly magnified cross-section of 
leather belt. 


The top of this illustration shows 
the grain or hair side of the 
leather. The openings, from which 
the hair has been removed, provide 
a rough, vacuum-cup surface which 
helps the belt to grip the pulley. 
When the belt is “jacked” to give 
it a high finish, this surface is 
smoothed down and as a result does 
not transmit as much power as 
when less highly finished. 
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tion, and that the minimum shall be 
not less than 3,000 lb. This is an 
assurance against bad tanning, and 
will expose any leather that is burnt 
by any of the tanning processes. Of 
course, 3,750 lb. per sq. in. is a rela- 
tively low tensile strength for this 
material for most of it will go to 
between 5,000 and 6,000 Ib., but it is 
quite sufficient to determine that the 
leather is not inferior. Further- 
more, it is about ten times as much 
stress as the belt ever will be re- 
quired to withstand in actual serv- 


Cross section of the hide of a steer 
before it is made into leather. 


Although the skin is made up of 
many parts, it is readily divided 
into two distinct layers, the epider- 
mis and the corium, which are both 
distinct in their functions and dif- 
ferent in their structure. The epi- 
ermis B forms a thin outer layer 
f the skin. The hair A extends 
deep into the corium F and ends in 
hair bulbs D. The muscles G con- 
tract and raise the hair perpendicu- 
larly under the influence of fear or 
cold. H is the duct to the sweat 
gland E. C are glands which lubri- 
cate the hair. The corium F is 
made up of cells and fibrous mate- 
rial which give the skin, and also 
the leather, strength. This illus- 
tration and the information on the 
structure of cowhide are abstracted 
from “The Manufacture of Leather” 
by Hugh Garner Bennett, which is 
poouri by Constable & Co., Ltd.. 

ndon, Eng., and distributed in the 
United States by D. Van Nostrand 
Co.. New York City. 


ice; thus, it seems to be quite suf- 
ficient. 

The stretch or elongation test 
(Paragraphs 27, 28 and 29) should 
be applied with the tensile strength 
test, by placing parallel gage marks 
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This illustration, which is magni- 
fied several times, shows how the 
rain of the leather is smoothed 
own after a violent rolling or 
jacking. 


2 in. apart on the test specimen, 
stopping the machine when it has 
reached 2,500 lb. per sq. in., and 
measuring the elongation, which 
must not exceed 15 per cent. This is 
quite liberal to the belt for most of 
the better belts will not elongate to 
this extent. A high tensile strength, 
when accompanied by an excessive 
stretch and small elasticity, also in- 
dicates that the leather stock was 
taken from the lower part of the 
side, while a lower tensile strength 
accompanied by not over 15 per cent 
stretch, and better elasticity, indi- 
cates center stock. These tests will 
determine the part of the hide from 
which the belt has been made. 

The chemical tests provided in 
these Specifications are very inter- 
esting, and where very accurate re- 
sults are desired they are necessary. 
However, the tests already enume- 
rated will demonstrate whether a 
leather belt is cut from the upper or 
lower half of the side, and whether 
it may be depended upon for good 
service in the plant. If it is found 
to be markedly defective under the 
chemical tests, deficiencies most 


(Please turn to page 506) 
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Some Pointers on 
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How to Find the Lead 
Throw of Armature Coils 


For Any Brush Position When There Is an Extra 
Commutator Bar and Coil, by Expressing Top and 
Bottom Lead Throws in Number of Bars 


By A. C. ROE 
Renewal Parts Engineering Dept., Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 


and 


D. H. BRAYMER 
Consulting Editor, Industrial Engineer. 


N THE article that appeared in 
1 the September issue some prac- 

tical pointers were given on 
winding direct- current armatures. 
In that article methods were out- 
lined for taking data and marking 
the armatures to prevent errors in 
rewinding and in connecting leads to 
the commutator. At the end of the 
article reference was made to those 
cases where a half-idle bar is used 
and to the method of bringing out 
coil leads and connecting them to the 
commutator. 

Another method of dealing with 
windings using an extra bar and coil 
is taken up in what follows. This 
method as applied to a particular 
winding is shown in Fig. 1, in which 
a 24-bar and a 24-slot, 4-pole wind- 
ing is illustrated to bring out the 
principle involved. The extra coil is 
used to jump two bars together so 
that they form one large bar. This 
method uses all the coils and bars 
and each bar has the regular num- 
ber of leads attached to it; that is, 
one top and one bottom lead. In 
Fig. 1 the coil marked Jumper 
Coil A, has the top lead connected 
to bar 24 from the top of slot 24, 
this being the standard top lead 
throw. The bottom lead of this coil 
is brought around to the adjacent 
bar to the right of its top lead like 
in a lap winding or to bar 1. A study 
of Fig. 1 will show that the bottom 
lead of this same coil from slot 6 
bends in towards the center of the 
coil and connects to bar 1. Thus 
bars 24 and 1 are bridged together. 

Then starting with coil B, we can 
lay off the standard lead pitch, which 
in this case is 12 or l-and-13. The 
top lead of coil B connects to bar 1 


and the bottom lead to bar 18. The 
top lead of coil C in the top of 
slot 18 also connects to bar 18. The 
bottom lead of coil C should connect 
to a bar that is 1-and-13 from the 
lead pitch. By counting bars 24 and 
1 as one bar, this brings the bottom 
lead to bar 2 and completes the 
series, forming a progressive wind- 
ing. To check this winding, start at 
bar 23, top lead, and go through 
slot 23 to bar 12, to top slot 12, to 
bar 24 through coil A to bar 1, then 
to coil B, to bar 18, to coil C and 
bar 2, etc. This method can be used 
when there is one bar and a single 
coil too many. 

When starting a winding with this 
type of coil, put the first coil in and 
lay off its top lead pitch. Then bring 
the bottom lead around to the adja- 
cent bar and mark these two bars so 
that they can be found again. The 
next coil put in has the bottom lead 
laid off according to the standard 
throw, and the rest of the bottom 
leads will be standard until the bar 
that has the bottom lead of coil A is 
reached. Then from there on the 
bottom lead throws will have to be 
increased one bar, as shown in 
Fig. 1, or the number of long, bottom 
lead throws will be one less than the 
lead pitch expressed in bars. In this 
case it is, 12—1 or 11 slots. 

Next, the rules for locating bar D, 
in Fig. 5, page 284 of the June issue, 
will be given. This locates the bottom 
lead throw when the bottom slot, in- 
stead of the center line of the coil, 
is used to line out from. First we 
consider the case where the center 
line of slot A falls on the mica. This 
is shown in Figs. 5 II and 6/V, June 
issue, page 284. The number of 
bar D (with bar C taken as No. 1) 
will be [ (C P+R)—(BXT--S) ]-2; 
where CP equals the lead pitch in 
bars, R equals one-half the number 
of coils per cell, B equals the total 
number of bars, T equals the coil 
pitch in slots and S equals the total 
number of slots. When the line falls 


485 


IN THIS ARTICLE a method 
is described for connecting 
coils to the commutator bars 
by expressing the top and 
bottom lead throws in num- 
ber of bars. For any brush 
position, first locate the near- 
est polepiece and the brush. 
As shown in Fig. 2, lay this 
angle off on paper. Then 
with the polepiece center- 
line as a base, lay off the 
coil pitch angle, B, so that 
angles A, and A, are equal. 
Next, subtract the angle A, 
from the angle between the 
center line of the pole and 
the center line of the brush 
and divide the remaining 
angle by the bar angle. This 
will give one lead throw. 
This is the basis of a very 
simple and accurate method 
that can be used in almost all 
cases, when it is thoroughly 
understood. The details given 
in this article explain how 
the method is applied. 


on a bar add % to the result ob- 
tained from this formula. 

For example, assume a winding 
with 35 slots, 139 bars, coil pitch 
1-and-10, or 9, lead pitch 1-and-71, 
or 70. Then R equals 4—2, or 2, 
C P equals 70, B equals 139, T equals 
9, and S equals 35. From the formula, 
then, bar D equals [(70+2)— 
(139X9--35) ]—2, or (72—85.74) + 
2218.13 or bar No. 18. When the 
answer in either case results in a 
fraction, use the nearest, whole 
number. 

Take the case of Fig. 5V (June 
issue, page 284) for 25 slots, 125 
bars, coil pitch l-and-7, or 6, lead 
pitch l-and-64 or 63. Then R equals 
5—2, or 2% and D equals 0.5+ 
[ (63 + 2.5) — (1256 25) — 2, 
equals 0.5+ (35.5—30) — 2, equals 
0.5+-17.75, or 18.25 or D should be 
taken equal to 18. 

A more accurate method of locat- 
ing the lead throw will be described 
next. By this method, the leads can 
also be located in proper relation to 
any brush position. Fig. 2 shows 
the principle. This method uses the 
center line of the coil as the base 
on which the top and bottom lead 
throws are laid off. In Fig. 2 the 
section of the coil marked A repre- 
sents the top leads, B the top half 
of the coil, C the bottom half of the 
coil, and D the bottom leads. Note 
that the center coil is used for cases 


Center une of 
top slot 
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. Center line of cos 


Center line of 
bottom slot No./ 


B = coil pitch angle = (360 x coil pitch in slots ) + No. of slots 
F = lead pitch angle = (360 x pitch in bars) - No. of bars 
Angle Ap 4, = 5B 2, angle Cy = Cy = (F-B)=2 


having an odd number of coils per 
cell. When an even number of coils 
per cell occurs, the single coil in the 
right-hand side of the slot should be 
used for a left-hand coil. For right- 
hand coils use the single coil to the 
left of the slot. In Fig. 2 the angle 
F equals the lead pitch in mechan- 
ical degrees, and is equal to (860 
lead pitch in bars) divided by the 
total number of bars. Angle B is 
the coil pitch angle and is equal to 
(360 coil pitch in slots) divided by 
the total number of slots. Angle C, 
equals the bottom lead throw angle 
and angle C, equals the top lead 
throw angle. In most cases the top 
and bottom lead throw angles are 
equal. Angles A, and A, are one- 
half the coil pitch angle B. Then to 
find the lead throw we must know 
the number of slots, number of bars, 
coil pitch and lead pitch. 

For example, assume a _ six-pole 
machine, with 100 slots, 200 bars, 
progressive wave winding, coil pitch 
l-and-16, or 15 slots, lead pitch 
l-and-68 or 67 bars. Then angle B 
equals (36015) 10054 deg., and 
angle F equals (360467) 200 
120.6 deg. and F—B equals 120.6—54 
equals 66.6 deg. Then angles C, and 
C, equal 66.6—2 or 33.3 deg. To find 
the number of bars in each angle, 
first find the angle between each bar, 
which is equal to 360 divided by the 
total number of bars, or in this case 
360 2001.8 deg. Then the num- 
ber of bars in angle C, equals 33.3 
1.8—=1814 bars. This would indicate 
that the center line of the bottom 
slot 1 is on the center line of the 
mica between bars 19 and 20 for 1+ 
1812—1912 or half way between 19 
and 20. 

The reason for the above is ex- 
plained by Fig. 3. In this case the 


base line is also the center line of 
bar 1: then with an angle of 1.8 deg. 
between bars, the beginning of bar 1 
is 0.9 deg. below the bar center line 
as shown. Then if angle C, is equiv- 
alent to 18½ bars, we count these 
from the center of bar 1 to the cen- 
ter of bar 19, as shown by the fig- 


Fig. 1—This diagram for a four- 
pole progressive winding with 24 
slots and bars, shows how coil A 
is used as a jumper. 
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Fig. 2—In this diagram a method 
is shown for locating the lead 
throw of a coil in the proper rela- 
tion to any brush position. 


ures on the bars reading from left 
to right, or 18 full bar angles. The 
half-bar angle will bring the count 
to the mica between bars 19 and 20 
as shown. Thus we know that the 
center line of slot 1 falls on the mica 
between bars 19 and 20. This would 
be sufficient information, but we can 
check the other angles to determine 
whether the top or bottom lead 
throws are equal. If the top throw 
is long, the extra throw in bars, if 
more than one bar, and an even num- 
ber, should be divided in half and 
the one half added to the bottom 
lead throw. If the extra throw in 
bars is an odd number, add one bar 
more than half to the bottom lead 
throw. That is, for three bars 
longer top throw add two bars to 
bottom lead throw. By checking the 
example, angle B equals 54 deg. or 
541.830 bars. Counting from 
the end of the C, angle, 30 plus 19 
brings the center line of the top 
slot, 16, on the mica between bars 
49 and 50, as shown in Fig. 3. This 


| Je A slots and bars; progressive winding; 
| coll pitch land 7; lead pitch land 13; coil A ts 
used as jumper 
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is due to the fact that we count from 
mica to mica, from the end of angle 
C.. Next, angle C. equals C., 33.3 
deg., or 18½ bars. Then 49 plus 
18½ equals 67½ or the center line 
of bar 68. The 18 full bars would 
bring the count to the mica between 
bars 67 and 68, but the half bar 
angle throw (the angle to the center 
line of bar 68) shows that the top 
and bottom lead throws are equal. 

By this method the top and bottom 
lead throws can be found and ex- 
pressed in bars. For any brush posi- 
tion, first locate the nearest polepiece 
and the brush. Lay this angle off 
on paper, as shown in Fig. 2. Then 
with the polepiece center line as a 
base, lay off the coil pitch, angle B, 
so that angles A, and A, are equal. 
Next, subtract angle A, from the 
angle between the center line of the 
pole and the center line of the brush 
and divide the remaining angle by 
the bar angle. This will give the one 
lead throw, or angle A, plus C,. Then 
C. equals F—C, plus B. A little 
practice with this method will soon 
convince anyone that it is simple and 
accurate and applicable to all cases. 

The following will describe a 
method of taking rewinding data 
from an armature that has been so 
badly roasted that the winding is 
full of shorts. In this case a test 
lamp will light regardless of whether 
the circuit is opened or not, as was 
explained in another article, by cut- 
ting off the two top leads on either 
side of the data coil lead. This 
method can also be taught to un- 
skitled help, or beginners when they 
are employed to strip armatures. 
This method will enable this type of 
help to take and record the data and 
an experienced winder can check it 
in five minutes and catch any mis- 
takes before all traces of the original 
data are lost. 
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pe Center line of bar No 19 
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Fig. 3— This is a quick and con- 
venient method for finding the top 
and bottom lead throws and ex- 
pressing them in number of 
commutator bars. 


This is purely a mechanical 
method. The core and end bands 
are removed; likewise any string or 
tape bands at the back of the com- 
mutator are also removed and all 
wedges are knocked out. Then se- 
lect any one coil, and mark with two 
cross marks, the teeth on either side 
of the slot that contains the top half 
of the coil selected. Next, trace out 
the top leads to the commutator and 
mark the bars according to the in- 


structions given for Fig. 5, June 


issue, page 284. Then if left-hand 
coils are used, cut off all the top 
leads back of the commutator with a 
chisel, or if they are strap copper, 
unsolder them and lift all top leads 


for a distance a little more than 


Fig. 4—Here the data coil is 
shown marked with chalk, from 
which the winding information can 
be secured as explained in this 
article. 


«Center line of bar No! 


half-way around, starting with the 
leads to the right of the data coil 
leads and proceeding in a clockwise 
direction. For right-hand coils, take 
the leads to the left and proceed in 
a counter-clockwise direction. Lift 
all these top leads and remove any 
tape bands on the front ends or be- 
tween top and bottom leads. When 
cutting off the top leads be careful 
that the bottom leads are not cut off 
also, as they are needed to check the 
lead pitch. Next, count off from the 
top coil slot a number of slots equal 
to one-half the total number of slots 
fer four poles, one-third for six 
poles, one-fourth for eight poles, etc., 
and in a direction that is towards 
the bottom coil half; that is, clock- 
wise for left-hand coils and counter- 
clockwise for right-hand coils. Then 
lift this top coil half just found, and 
lift all top coils back towards the 
marked coil. When the throw coils 
have been lifted, start pulling the 
complete coil out. Proceed in this 
manner until the data coil is 
reached, which should not be dis- 


turbed. Then if the coils have been 


pulled out and the bottom leads cut 
off each coil, the complete data coil 
will be exposed to view as shown in 
Fig. 4. 

It is then quite an easy matter to 
count the lead pitch and coil pitch, 
line out from the center of the coil 
or bottom slot with a piece of string 
or straight edge, and count off the 
bottom lead throw. The bottom slot 
can also be marked, as well as the 
bars to which the leads connect. The 
winding should be checked for any 
special features, such as dead coils, 
half-idle bars and so on. Also check 
the lead pitch for progressive wind- 
ing. Then the armature can be 
pulled down and cleaned. 
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ERATING men gen- 

erally have but small, 
detailed conception of what 
their plant will be like a 
few years hence. They do 
know, however, or at least 
have confidence, that the plant will be larger. This 
means more machines to each group, and perhaps more 
floor space, all of which are indicative of growth and 
increased demands for power service. 

Although it is not always possible definitely to know 
future plans, it is generally not difficult to make some 
allowance for growth. One plant, for example, when 
laying out its group drives, designs an installation 
complete on the basis of a capacity of 25 per cent or 
more above all machines that are to go in at the time 
the shaft is erected. It is much cheaper to provide this 
extra capacity at the time an installation is first made, 
rather than later on, because in many cases the price 
of the hangers is the same, the cost of installation would 
be practically no different, and the only additional cost 
would be due to the increased size of lineshaft and bear- 
ings installed. 

If such a plan were followed more generally, there 
would be less complaint of overloaded drives and the 
maintenance problems which they present. 


Keep Tomorrow in 


Mind When You 


Plan for Today 


— — 


NDUSTRIAL plant ex- 

ecutives may well de- 
vote part, or even all, of 
Fire Prevention Week, 
October 4-10, to careful 
consideration of one of 
industry's ever-present and potentially most serious 
dangers— fire. Failure of, and mishaps to, equipment 
are costly enough in loss of production, disruption of 
schedules and damage to property, but there is almost 
no limit to the damage that fire may do. Frequently it 
does not stop short of the complete destruction of the 
plant and its contents. 

Despite the efforts that have been made, through 
educational programs and otherwise, to reduce the 


Could You Afford 


to Have a Fire 


in Your Plant? 
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number and extent of fires, the total fire loss in this 
country last year amounted to $549,910,659, the great- 
est in our history. Roughly, it amounted to a little 
more than a million and a half dollars a day, or over 
a thousand dollars a minute. In the fires that caused 
these huge losses, nearly 15,000 persons lost their lives 
and more than that number of persons were injured 
more or less seriously. 

It is estimated that 87 per cent of all fires are pre- 
ventable and are caused by carelessness or ignorance, 
or both. If those whose carelessness or ignorance are 
responsible for fires could be made to bear the resultant 
losses, it is safe to say that there would be a decided 
reduction in the number of fires. As it is, every one 
of us helps to pay the annual fire loss. The fire insur- 
ance companies reimburse those whose property is dam- 
aged or destroyed, but the money thus paid out is all 
collected in the insurance premiums. Manufacturers 
then add these premiums to the cost of their products. 
Thus, the food we eat, the books we read, and the equip- 
ment we operate all have in their cost a part of our 
national fire loss. That is how the price of ignorance 
and carelessness is paid by innocent and guilty alike. 

Careful inspection of your plant equipment and 
processes for the purpose of eliminating every possible 
fire hazard, and adequate fire-fighting equipment oper- 


°” ated by trained men, will do much to enable you to keep 


that useful servant—fire—in its proper place. The 
chances are that failure to take every reasonable pre- 
caution against fire will some day exact a heart-break- 
ing toll. 


— e 


N A recent lecture in 
which the speaker dealt 

with some of the things 
that go on behind the 
screen of man’s visible ac- 
tions, he pointed out that 
most of us can be accused of being liars and actors, 
based upon the things we do. For instance, he pointed 
out that when we select an automobile there is a ten- 
dency to buy the large and flashy car; when we buy 
clothes for our family and ourselves we tend toward 
the purchase of things that make us look prosperous 
instead of comfortable; and when we display these out- 
ward evidences of prosperity and success it is in many 
cases under circumstances that will make us look good 
in Dunn’s and Bradstreet’s or to some individual or 
group with whom we desire a good standing socially 
or in a business way. And after all, there is more 
truth than poetry in these comments. 

This kind of psychology also finds its way into our 
business and professional life and if you look around 
you among the engineers and plant men you know who 
are clothed with authority and make decisions on the 
purchase of equipment, you will find plenty of cases 
where the use of good reliable equipment is passed up 
for some automatic thing-a-boh which is claimed to do 
this or that—and sometimes does. When being shown 
through such a plant, how many times can you remem- 
ber that your attention has been called to these fancy 
frills of engineering, as compared to the cases where 
your attention has been called to some worn and bat- 
tered piece of equipment that has stood the test of 
abuse and years of use and paid a wonderful return 
on the investment? 


Are We Sometimes 


Good Liars 
and Actors? 
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Roll these thoughts over in your own mind and judge 
for yourself whether you are a good liar and a good 
actor when it comes to the exercise of your engineer- 
ing judgment and ability, and can prove your answer 
to those who expect you to tell the truth and live and 
act by it, by a thorough investigation of your operat- 
ing results. 

TOS OE 


* 


Portable Power- 
Driven Tools for 


NLY too often is the 

value of portable, 
power-driven tools over- 
looked in maintenance 
work. Because only a few 
holes have to be drilled, a 
Pa piece ‘sawed out of a floor, or a little cut taken off 
a casting, hand methods using a star drill, an “old 
man” and a ratchet drill, a file, or a handsaw are 
employed. 

How often is it that we find a workman using a star 
drill and hammer to cut half a dozen holes in a concrete 
wall for mounting some piece of equipment? Although 
the star drill and hammer do not cost much money, the 
workman’s time is expensive. If there is much work 
of this character an electric hammer for driving the 
star drill will soon pay for itself. 

Then too, the electric drill with a grinder attachment 
should find a place in any plant maintenance depart- 
ment. 
can accomplish over hand methods of drilling and filing. 
Quite recently several motor-driven saws have been 
developed by different manufacturers. These saws will 
cut flooring or walls and do the general sawing re- 
quired in plant maintenance in less than one-fifth of 
the time required by hand. 

It is a mistake to think of portable, power-driven 
tools as being made only for production work. They 
have.a definite place in your maintenance department. 
If you are trying to cut maintenance costs why not 
let these tools replace some of your extra helpers? 


ss al aa W ork 
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N AN item in the depart- 

ment, Mechanical Main- 
tenance of Power Drives,“ 
on page 501 of this issue, 
Donald A. Hampson tells an 
interesting story of a 
. Machine that “never ran right.” In spite of the fact 
that a companion machine just like it operated satisfac- 
torily, the men in the shop treated this machine as 
though it were bewitched, or had a hoodoo. 

Finally, the machine came under the attention of an 
engineer who remembered that the last witch had 
been hung many years ago. This man knew that the 
machine did not operate properly because something 
was wrong. When he could not find out the cause of 
the trouble he promptly called in outside assistance 
and had an extensive investigation made, instead of 
the superficial examination which had always been 
made previously. His experience showed him that the 
trouble could be due only to misalignment. It was a 
hard job to find how far the shafts were out of parallel 
and so the others who had worked on the machine had 
dismissed this factor with the assumption that “they 
ought to be parallel.” A careful check by a man who 
knew how and took the time to make it, proved that 


Machines 


That Never 


Run Right 
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the shafts were out of parallel about 1 in. in 50 in. 
Correcting this removed the hoodoo, and the machine 
gave no further trouble. 

The good engineer will leave no stone unturned in 
making a thorough investigation of an operating 
trouble. No assumption can be made that “it ought to 
be right” without proof to back it up. Acknowledg- 
ment that a machine will not run right” is practically 
a confession of ignorance, or incompetence, or inability 
to discover the real cause of the trouble. A piece of 
machinery does not have any inherent wickedness; it 
operates improperly because something is wrong and 
the only thing to do is to find the trouble and correct it. 


ia bec first thing | vou 
know you're going to 
be fired, is an expression 
frequently passed from one 
operator to another as a 
mild way of calling atten- 
tion to instances of carelessness or oversight. It is 
sometimes seriously used and sqmetimes mixed with 
good humor, but it indicates that someone around the 
plant has created a reputation for himself of firing 
men on small provocation. 

In this connection we were interested in a recent 
item which stated that the Frostmann & Huffmann 
Company of Passaic, N. J., boast that in 1924, although 
several thousand people were on the payroll only two 
were discharged. One was discharged because of gross 
misconduct outside of working hours, and the other 
because af habitual drunkenness. The causes for these 
discharges are not so important as the fact that with 
a strict policy that workmanship in this plant must be 
as near perfection as possible only two men did not 
measure up to the requirements that this policy calls 
for. If this means anything it certainly means that 
not one man, but a group of men in this plant, must 


The H iring 
and Firing 


of Men 


know how to train men and keep them happy enough 


on their jobs to get them to give to the company the 
best they possess. 

In this plant it is said that a discharged workman 
is out for good and that it is well known by all who are 
employed that the plant is hard to get into and hard 
to get out of. In other words, there is a good place 
for every earnest and conscientious workman, and just 
so long as he gives to the company loyal and efficient 
service, he need not worry about being fired. Such a 
state of mind on the part of employes reflects itself 
in the quality of the product they produce and counts 
more in competitive selling than all the shrewdness of 
making a product that will sell on competitive price 
comparisons. 

In the last analysis, every manufacturing or indus- 
trial works puts into its product three things: raw 
material, perfection in workmanship and reliability in 
the service it performs. With good material to start 
with, brains and the conscientious application of 
mechanical] skill on the part of workmen are the only 
safe insurance for certain delivery of the other two 
essentials. This insurance can never be purchased 
with dollars alone, but around the idea that a plant 
is hard to get into and hard to get out revolves a 
plan in the hiring and firing of men that every plant 
superintendent can study with profit, both to himself 
and to the organization of which he is a part. 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


question that you can 
answer from your ex- 
perience. 


Who Can Answer 
These? 


Method of Drilling Holes Through Plate 
Glauas—I have to drill some holes in 
plate glass ½ in. thick and wish some 
of our readers would tell me the best 
way of doing this. I have tried vari- 
ous methods but without much success 
and shall appreciate your suggestions. 
Little Rock, Ark. M. J. J. 


Method of Turning Commutators—I 
would like some pointers from readers 
as to the best way of turning com- 
mutators in a lathe. What size and 
shape of cutting tool should I use for 
the roughing cuts? Will this same 
tool be satisfactory for the finishing 
cuts? What is the best cutting speed? 
Would you recommend using sand- 
paper to give a final polish to the 
commutator or do you depend on the 
lathe tool to give the final polish? I 
shall appreciate any other details 
about turning commutators that read- 
ers can give me. 

Hammond, Ind. H. H. 


Where Does a Lineshaft Usually Break? 
—Recently a 4 3/16-in. shaft broke 
underneath the hub of a 36-in. pulley 
sheave carrying eight 1 1/4-in. ropes. 
Several millwrights have told me that 
a lineshaft always breaks in the hub 
of the pulley, but none of them could 
tell me why. I should like to know 
if other readers have had a similar 
experience and if they can give any 
explanation of why the shaft breaks 
in this location. I am anxious to 
avoid a repetition of this trouble, if 
possible. 
Chicago, III. R. C. M. 


Will Two A.C. Motors Operate Satisfac- 
torily in Parallel?f—We have a turn- 
table driven by a variable-speed, slip- 
ring a.c. motor. This motor is too 
small and rather than incur the ex- 
pense of buying one motor that is 
large enough to handle this job, we 
are considering buying another motor, 
a duplicate of the present one, and 
connecting it directly to the table, so 
that the two motors will both drive 
the table in parallel. Will the motors 
operate satisfactorily in parallel? Can 
we operate both motors from the same 
secondary resistance and controller, or 
should we use two drum controllers 
and two independent resistances? I 
will greatly appreciate any informa- 
tion and experiences that other 
readers can give me on this subject. 
Omaha, Neb. G. C. B. 
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What Kind of Wire Should Be Used 
Heret—We are having considerable 
trouble from grounds and shorts due 
to the insulation failing on the wires 
running from our pyrometers to the 
indicating and recording mechanisms. 
The pyrometer points are located in 
the stills and furnaces of a refinery. 
and the indicating instruments are 200 
to 300 ft. away. Consequently, the 
wires are subjected to considerable 
heat at one end of the line while the 


other end is cool. The wires are car- 
ried in conduit and we have trouble 
with condensation in these pipes. Or- 
dinary rubber- covered, double-braid 
wire rots out in less than six months. 
The so-called ‘flameproof” wire has 
not proven satisfactory in this applica- 
tion. Can any reader tell me what I 
can do to correct this trouble? 

Tulsa, Okla. L. A. N. 


Increasing Thickness of Slot Insulation. 
—I have a 3-hp. Allis-Chalmers induc- 
tion motor that is connected two-par- 
allel star. The motor has 48 slots and 
48 coils consisting of 25 turns of No. 
16 double-cotton-covered wire and ts 
rated at 220 volts, 9 amp., 1,200 r.p.m. 
This motor gets very hard service, 
although the load is not excessive, and 
I would like to decrease the size of 
wire in it. What change would have 
to be made in the pitch if No. 17 dou- 
ble-cotton-covered wire were used to 
get more insulation in the slots? 

San Diego, Calif. E. A. 


Why Do These Meters Not Register — 
We have a Weston power factor meter, 
Model 356, serial No. 790, and a Wes- 
ton ammeter, Model 156, serial No. 
43008, mounted on a switchboard man- 
ufactured by the Condit Manufactur- 
ing Co. and connected as shown in the 
diagram. The connections from the 
switchboard to the current and poten- 
tial transformers were made by my 


——= 


a 
8333 


Line 


workmen. The polarity marks on the 
transformers are as indicated. The 
ammeter reads zero when power is 
flowing through the switchboard. The 
power factor meter likewise remains 
in the same position as when power is 
off the board. Is the connection scheme 
shown in the accompanying drawing 
correct? If so. what do you think is 
wrong and what tests should I make 
to locate the trouble? I shall greatly 
appreciate any advice that our readers 
can give me. 

Sharon, Pa. C. F. C. 
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Answers Received 


To Questions Asked 


Stopping Breakage of Gears.—On each 
battery of furnaces in our refinery 
there is a 7% -hp., 1,800-r.p.m., motor 
driving a device that clears the coke 
from the furnace. The motor is con- 
nected by a roller chain to a shaft 
driving a pinion meshing with a large 
double gear that drives the device. 
This device is subjected to very un- 
usual loads at times, especially when 
it is about time for the furnace to be 
rebuilt. These loads are so heavy and 
come on so suddenly that the teeth are 
often broken off the bevel gear, which 
is made of cast iron. As it is rather 
expensive to replace these gears, I am 
wondering if our readers can suggest 
some device that I could put on this 
drive to disconnect it when the load 
becomes too great. Would a coupling 
having shear pins do the trick? How 
could I make such a coupling? 

Tulsa, Okla. . A. N. 


In answer to L. A. N., we overhauled 
the main drive of the ash conveyor at 
our boiler plant, putting in new gears, 
more bearings and strengthening all 
weak points. We relined the motor 
sprocket and its jackshaft sprocket; 
also the drag chain sprocket. This is 
a flight conveyor with flights fastened 
to No. 111 chain about every sixth link. 
These flights drag in a chilled cast-iron 
trough, about 8 in. wide. This conveyor 
is driven by a 7½ -hp., three-phase, 
a.c. motor with a back gear; the back- 
shaft is connected by a chain to a 
sprocket four times its diameter, the 
large sprocket being on the jackshaft. 
The pinion on the jackshaft is about 
one-sixth the diameter of the gear on 
the flight sprocket shaft. 

When we realigned the machinery 
and put in new gears and bearings, it 
ran only for a day or so before the 
flight sprocket was crushed. The only 
way that we could account for the 
breakage was that a clinker had thrown 
the flight chain off its sprocket. A new 
sprocket was put on and everything 
seemed to be going nicely when another 
sprocket was crushed. We tried over- 
load relays on the motor, but they 
could not be set with any certainty be- 
cause of the vibration of the head- 
house. So we decided to use a mechan- 
ical safety device to prevent breakage 
of sprockets. 

Accordingly, a spare sprocket for 
the one on the motor backshaft was 
bored to a close running fit on the 
shaft, the hub was turned off on each 
side, and a band shrunk on it. A 
keyed collar was made and three holes 
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drilled in it; these holes corresponded 
with holes drilled in the sprocket, on 
the same circle. Cast-iron pins were 
selected and a few were machined, but 
the cost of the machined pins was pro- 
hibitive; so we had them cast and a 
small hole was drilled in each end for 
cotters. This reduced the cost over 
90 per cent. We break on the average 
two pins per week, but the cost of pins 
for one year about equals the cost on 
one sprod¢ket and we seldom have any 
delays caused by the ash conveyor 
since it was overhauled. 

The only explanation of the sprockets 
running without breakage before the 
repairs were made is that the bearings 
were so loosely fastened as to allow 
the gears to slip out of mesh when the 
chain came off. Our reason for drill- 
ing three holes in the sprocket and 
collar were that we.could experiment 
to find the pin that would give the 
proper strength for pulling an average 
load and still break before the danger 
point was reached. We found that a 
„-in. pin was the one most suitable 
in our case. GRADY H. EMERSON. 
Ass't. Chief Electrician. 


“Il homa Wuel & Iron Co., 


Acmar, Ala. 
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Answering L. A. N.’s question, if the 
dimensions and speeds of the gears had 
been given, it might be possible to 
determine whether they are suited for 
the purpose. 

The first idea that presents itself 
when a gear breaks is to replace it with 
a stronger one. As the breaking gear 
in the present case is cast iron, it can 
be replaced by a much stronger, steel 
gear. Replacing the cast iron gear 
with a steel gear would, however, trans- 
fer the shock to some other element in 
the layout; this would probably be the 
chain which, at the speed mentioned 
would receive severe treatment. I pre- 
sume that there was some special 
reason for the adoption of a roller 
chain to the service as the speed of 
1.800 r. p. m. would ordinarily indicate 
the use of a belt. 

If the sudden great load is momen- 
tary, the condition might be met by 
placing a flywheel on the gear shaft; 
this would take up sudden fluctuations 
of the load. 

My solution of the problem would be: 
If the gear were broken, replace it with 
a steel gear. To prevent the gear 
breaking, place a flywheel on the gear 
shaft to reduce the shock incident to 
sudden “taking hold” of the load. 

Los Angeles, Calif. C. O. SANDSTROM. 


* * * * 


Coat of Changing Two-Phase Motors to 
Three- phase — The local power com- 
pany is planning on changing its sys- 
tem from two phase to three phase. 
This will involve a corresponding 
change in a large number of motors 
ranging from 6 hp. to 50 hp. I should 
“tre to know if there will be any loss 
of efficiency in the motors as the re- 
sult of this change. Also, please tell 
me the general procedure involved in 
changing motors from two phase to 
three phase, what troubles are likelv 
to be bncountered and about what the 
cost per motor or per horsepower will 


be. 

Fort Smith, Ark. V. I.. H. 

In reply to V. I. H. in a late 
issue, in changing the two-phase motors 


to three vhase. there wil] be a loss of 
between 10 and 12 per cent in horse- 


INDUSTRIAL ENGINEER 


power. The current density will re- 
main the same as it was on two-phase 
operation. 

In a two-phase motor there are about 
20 per cent more turns in the entire 
winding; therefore, in making the 
change to three phase, it would be well 
to cut out approximately one-fifth of 
the coils. You must be sure to dis- 
tribute the dead coils evenly around 
the motor in order to have it elec- 
trically balanced. 

If the motors are not fully loaded the 
loss in horsepower will not be a serious 
matter and if the work is properly done 
they should operate very satisfactorily 


on three phase. U. O. MISNER. 
Pioneer Wilectric Company. 
Richmond, Cal. 


* * * * 


In answer to V. L. H. in a late 
issue, we have recently arranged to 
gradually change a large installation 
of motors from two phase to three 
phase, in order to make various in- 
stallations under our supervision flex- 
ible in interchange of equipment and 
be able to purchase motors from stock. 
Current for this installation is gener- 
ated at two phase, 440 volts. As a 
simple solution of the problem we con- 
nected two auto-transformers as shown 
in A of the illustration. 

As will be seen, we connected the 
two-phase leads to the busbars at the 
switchboard and distribute three-phase 
current over the same feeders which 


supplied the two-phase motors. If a 
2 Phase 
A 
3 Phase. A 8 B c 


A, two auto-transformers used to 
obtain three-phase current from a 
two-phase supply. B, winding of 
two-phase motor connected star- 
delta for three-phase operation. 


large number of motors are grouped on 
one feeder, V. L. H. can connect two 
auto-transformers to his two-phase cir- 
cuit at any convenient point in his wir- 
ing system and connect the three-phase 
supply leads to three of the two-phase 
leads, as shown. 

By this method it will not be neces- 
sary to change the two-phase motors 
until trouble develops. Then they can 
be rewound either for two phase or 
three phase. Either two-phase or 
three-phase motors can be connected to 
the same wiring system provided the 
proper wires are used for the three- 
phase motors. : 

To determine the proper size of auto- 
transformers a graphic wattmeter 
chart should be taken from the pres- 
ent installation and a 30-min. average 
maximum demand obtained. The main 
auto-transformer should have a capac- 
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ity of approximately 15 per cent and 
the teaser transformer 8.5 per cent of 
this quantity. These percentages are 
sufficiently accurate for practical pur- 
poses. 

As an example, if the 30-min. aver- 
age maximum demand is found to be 
100 kva., the main auto-transformer 
should be of 15-kva. capacity and the 
teaser of 8.5-kva. capacity. The only 
cost involved will be the purchase and 
installation of the two auto-transform- 
ers, if the wiring is large enough to 
carry the three-phase current. 

Few, if any, two-phase motors in ac- 
tual service can be reconnected for use 
on three-phase circuits without a loss 
in capacity at the same temperature 
rating. This is due to the fact that 
the cross-section of copper and number 
of turns in a two-phase winding are 
different from those in a three-phase 
winding. 

Practically all two-phase motors can 
be reconnected for three phase with 
balanced voltage, and correct within 5.5 
per cent of the two-phase nameplate 
voltage rating. The output will, how- 
ever, be about 20 per cent less than 
the two-phase nameplate rating. To 
get balanced voltage using all coils, 
the winding should be grouped for 
three phase, but instead of being con- 
nected in either star or delta it should 
be connected star-delta by connecting 
the ends which would ordinarily be 
connected together in the star winding, 
to the middle winding of the next 
group, providing that the middle con- 
nection is not within a pole group. 
This is shown in B. 

In a six-pole, two-circuit winding, 
each winding should have two pole 
groups connected in star and one in 
delta. It will take a winder from four 
to six hours to make this connection. 

From observation it appears that at 
least one of the large manufacturers 
of motors has practically standardized 
on full-pitch windings for two-phase 
motors and approximately 85 per cent 
of full pitch for three-phase motors. 
This, is probably due to the fact that 
in two-phase motors, the windings are 
not interconnected, and currents of 
higher harmonics are not liable to cause 
serious trouble with the winding. With 
three-phase windings, however, and es- 
pecially delta-connected windings, there 
is a possibility that the motor may be 
seriously affected by the current of the 
third and perhaps. other harmonics. 
By chording the winding at approxi- 
mately 85 per cent of full pitch, this 
harmonic current will be either elimi- 
nated or sufficiently reduced to prevent 
serious effect on the winding. 

For this reason if a two-phase motor, 
which is wound with the full-pitch 
winding, were connected with a star- 
delta connection outlined in the preced- 
ing paragraphs, there is a possibility 
of the delta portion of the winding 
having a circulating current of the 
period of the third harmonic, which 
would be super-imposed on the power 
current delivered by the three-phase 
circuit. : 

An industrial plant or repair shop 
should be very careful about making 
any changes in the winding of motors 
which will reduce the nameplate capac- 
ity or materially change the charac- 
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teristics of the motors. Anyone mak- 
ing such changes should have a definite 
and clear understanding with the owner 
of the motor, so that in case of a burn- 
out there will be no misunderstanding. 
For this reason it is safe to recom- 
mend complete rewinding of motors 
rather than changing the characteris- 
tics by reconnection. Reconnecting 
from three phase to two phase or vice 
versa can ordinarily be safely done 
only when the person making the 
changes is directly responsible for the 
operation of the motors and knows 
what to expect in consequence of the 
change, but is, nevertheless, willing to 


take the chance. CHARLES R. SUGG. 
Atlantic Coast Line Railroad Co., 
Wilmington, N. C 
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In answer to V. L. H.’s question in 
a recent issue, perhaps the following 
suggestions will help him to solve his 
problem. Acknowledgment is made to 
A. M. Dudley for some of the data. 

Normally a two-phase motor has 25 
per cent more turns in series in its 
windings than has a three-phase motor 
of the same characteristics. Ordinarily 
it is possible to cut out 20 per cent of 
the turns in a two-phase motor, leav- 
ing them dead, and still have sufficient 
turns in series for a three-phase wind- 
ing. There are three methods in com- 
mon use for changing motors from two 
phase to three phase. In the order of 
their desirability they are as follows: 

(1) Twenty per cent of the turns of 
the two-phase winding are cut out and 
left dead, the motor being operated on 
80 per cent of the two-phase turns. 

(2) The number of coils is not 
changed and they are reconnected to 
give a three-phase winding. 

(3) A “T” or Scott two-phase to 
three-phase connection is used. 

When making any of these changes 
care must be taken to get the phase 
coils in their proper place, and as this 
is usually difficult to accomplish it fol- 
lows that none of the changes is ideal 
or efficient. Further, it goes without 
saying that such changes should be at- 
tempted only by a first-class a. c. mo- 
tor winder. From an investment stand- 
point it is usually better to rewind the 
motor with new three-phase coils. 

If the first method named above is 
used it must be remembered that the 
full-load current of a three-phase motor 
equals 2 1.73, or 115 per cent of the 
current for a corresponding two-phase 
motor. Now for the same temperature 
rise the horsepower output will be 
about 87 per cent of that of the two- 
phase motor. This loss of 13 per cent 
of the horsepower would, when figured 
in dollars and cents, pay the interest 
on the investment for a good many 
new coils. 

By far the cheapest and most de- 
sirable way of overcoming the difficul- 
ties encountered in changing motors 
from two-phase to three-phase opera- 
tion is to install transformers equiva- 
lent to about 50 or 60 per cent of the 
total motor load and then, by means of 
the Scott transformer connection, the 
motors can all be operated two phase 
from the three-phase power supply in 
a perfectly normal manner. 

The average cost of rewinding a 
stator for a 5-hp. 60-cycle motor is 


‘perature of the oil is normal. 
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about $50. The average cost of re- 


winding a 50-hp., 60-cycle motor stator 
is about $190. Of course, 25-cycle mo- 
tors will cost more to rewind as they 
are larger and require more copper. 
The cost of transformers varies from 
about $2.50 per kva. in large sizes to 
$10 per kva. in the case of small units. 


Chief Electrician, LEE F. DANN. 
Donnacona Paper Co., Ltd., 
Donnacona, Que., Can. 


i ` 
* * * * 


Replying to V. L. H.’s question in a 
recent issue, it will be necessary to re- 
wind every motor on the job in order 
to keep the efficiency up. 


It is true that there are methods of 


reconnecting that can be used as a tem- 
porary expedient. However, if you take 
into account the fact that there are a 
large number of motors and that the 
cost of. rewinding all of these will be 


high, to say nothing of the loss of pro- 


duction while the motors are out of 
commission, it would seem advisable to 
replace the present service transform- 


ers with a Scott-connected, three-phase. 


to two-phase bank and leave the motors 
as they are. Three-phase motors may 
be purchased as needed and operated 
from a separate bank of three-phase 
transformers. As the two-phase motors 
wear out or are taken out of service, 
they should be replaced with three- 
phase motors so that eventually the en- 
tire installation will be operating three 
phase. 

If it is decided to rewind all of the 
two-phase motors it would probably be 
cheapest in the long run to make a con- 
tract with some reliable repair shon 
that has the facilities for doing good, 
fast work. 

As to the cost of doing this work, 
each motor would be a problem in 
itself, so that a long-range prediction 
based on the information given in the 
question would be at best only a guess. 
Plant Engineer, S. W. STEARNS. 
Gardner Machine Company, 


Beloit, Wis. 
. 2 2 2 2 


Transformer Draws Hes Ne-lead Oar- 
rent—We have a 75-kva., 26-cycle, 
single-phase, 2,200/220/110-volt light- 
ing transformer which draws an ex- 
eersive no-load current. The primary 
current with all secondary load dis- 
connected is about 11.5 amp. at 2.200 
volts. The secondary voltage is nor- 
mal at 0, 4. . & and full load. The 
temperature of the oil is normal. The 
insulation resistance between wind- 
ings and hetween windings and ground 
is over 50 megohms. What is the 
cause for this hich no-load current? 
Hamilton, Ont., Can. J. F. M 
Referring to the question by J. F. M. 

in a recent issue, he states that 

che secondary voltage is normal from 
zero load to full load, and that the tem- 

Assum- 

ing that the frequency of the supply is 

not lower than norma! the only appar- 
ent reasons for a high exciting (no- 
load) current would be some looseness 
or poor contact in the magnetic circuit, 
poor quality iron in the core, or some 
inherent defect in design of the trans- 
former. With the modern transformer, 
the fault or trouble seems more likely 
to be found in the core through poor 
iron or construction, rather than in 
actual design. 

C. OTTO VON DANNENBERG. 

Designing Engineer, 

Sanderson & Porter, 

Springdale, Pa. 
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How Can This Motor He Kept Frem 
Humming ?—Can someone tell me how 
I can eliminate the magnetic hum of 
a 30-hp., shunt-wound, four- le, 400- 
1,000-r.p.m. interpole motor? his hum 
is so loud that it can be heard all over 
a large department store. The fol- 
lowing remedies have been tried: (1) 
Laminated pole shoes supplied with 
motor were changed for similar shoes 
of sturdier construction. The lamina- 
tions in the new shoes were put to- 
gether under pressure, riveted with 
bakelite varnish between them and 
baked. This did not stop the noise. 
(2) The air gap was increased. This 
helped somewhat, but caused circuit 
breaker to open. (3) Cast pole shoes 
were used, with no noticeable effect. 
(4) Skewed laminated pole shoes were 

tried. with no better results. (5) Used 
pole pieces with wider air gaps on 
tips. No results. (6) Magnetic wedges 
were used in armature slots. These 
helped somewhat. (7) Disconnecting 
interpoles had no effect. Before the 
magnetic wedges were tried, if full 
field strength was applied and the 
armature turned slowly by hand, with 
the brushes lifted up, it had a ten- 
dency to lock at several points. If ro- 
tated faster it would grow). Magnetic 
wedges almost removed this effect. 
Two wedges per slot were used, each 
1/16 in. thick and insulated from each 
other. All armature connections are 
correct. 

New York, N. Y. W. L. 8. 


Answering W. L. S. in a late issue, 
in view of the remedies that have been 
applied, it appears to me that the 
trouble must be in the design of the 
motor. Usually the cause of humming 
is of such a nature that the remedies 
applied to this motor will cure the ail- 
ment. The fact that increasing the air- 
gap and using magnetic wedges helped 
on this particular machine makes me 
inclined to believe that increasing the 
magnetic density of the armature teeth 
would serve the purpose. 

As this is a comparatively small ma- 
chine, why not install another machine 
of different design and note the differ- 
ence in behavior? I would also suggest 
that you take this matter up with the 
manufacturer, so that he can not only 
correct the trouble on this machine, but 
avoid it on subsequent machines of like 
design. 

A point that must not be overlooked 
on this motor is the fact that the 
trouble may be in the machine founda- 
tion, together with the natural acoustic 
properties of the building in which it is 
located. In this case the trouble could 
be overcome by supporting the motor 
on springs, cork, or sand, so as to iso- 
late it from the building. If necessary 
it could be enclosed in an isolating 
room with cork or asbestos walls. Fur- 
thermore, a check should be made to 
determine whether or not this vibration 
is of a mechanical rather than elec- 
trical nature. 
West Allis, Wis. 
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EDWARD JAMES. 


Connecting Watt-hour Meter to Three- 
Wire Circuit—Will some reader please 
give me a diagram and explanation of 
how to connect a watt-hour meter to 
an Edison three-wire circuit? Is a 
special type of meter required? Why? 
Bellaire, Ohio. J. R. B. 


In J. R. B.’s question in a recent 
issue, he does not state whether the 
meter is to be used on direct or alter- 
nating current, nor whether shunts or 
instrument transformers will be em- 
ployed. However, in any case it is 
necessary to employ either a special 
meter or an ordinary two-wire meter 
with a special hook-up of instrument 
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F to secure correct meter- 
g. 
Power in a three-wire Edison system 
is the sum of the kilowatts in each 
leg of the circuit. It is also to be 
noted that the current in the neutral 
is the difference between the currents 
in the two legs, and the direction of 
that current depends upon the direc- 
tion of the current in the outer wire 
carrying the greater current. 

In case an ordinary two-wire, single- 
phase meter were used (with one po- 
tential coil and one current coil), power 
would be measured in that side of the 
circuit in which the current coil was 
connected. If a current coil of a meter 
is placed in one leg with its potential 
coil across the two outer legs, correct 
results would be secured only when the 
circuits were absolutely balanced, 
which is an infrequent condition in 
three-wire circuits. If the current coil 
were connected in the outer wire carry- 
ing the larger current, the meter would 
total too many kilowatt-hours while if 
it were connected in the other leg of 
the circuit it would not record the en- 
tire consumption. In case a two-wire 
meter were used with the potential coil 
connected across the neutral and an 
outer wire, the meter would in no case 
be correct and would meter only half 
the energy consumed were the load ex- 
actly balanced. 

It may be seen from the above that 
it would be possible to meter a three- 
wire Edison circuit with either two two- 
wire meters with potential coils con- 
nected across the neutral and respec- 
tive outer legs, or by the use of a special 
meter with one potential coil and two 
current coils acting on the same disc. 
This is the type of meter used in such 


Connections for metering Edison 
three-wire circuit by means of, A, 
special meter, B, two-wire meter 
with special connection of current 
transformers and, C, direct-current 
meter with shunts.. 


2 urrent coil 
Potential an 
coil x "Polarity marks 


INDUSTRIAL ENGINEER 


circuits when a self-contained meter is 
used and its hook-up is shown in A of 
the diagram. In this three-wire meter 
each current coil in conjunction with 
the potential coil exerts a torque on the 
meter disc proportional to the kilowatt 
demand in the leg of the circuit in 
which the current coil is connected. The 


coils are so connected that the torque 


from each current coil turns the disc 
in a forward direction and each coil acts 
independently of the other. In case 
current transformers are used in an al- 
ternating-current circuit, a two-wire 
meter may be used providing the meter 
and transformers are connected as 
shown in B. If standard current trans- 
formers and an ordinary 5-amp., 110- 
volt, two-wire meter are used with the 
register correct for the meter when 
used as a self-contained, 5-amp. meter, 
the readings on the register should be 
multiplied by a constant equal to (2X 
current transformer ratio). A much bet- 
ter plan would be to advise the manu- 
facturer of the meter of the size, type, 
and serial number of the meter used, 
as well as the current transformer 
ratio and connections. The manufac- 
turer could then furnish a direct-read- 
ing register. In case the meter is used 
on a three-wire, direct-current circuit 
with shunts, a hook-up is given in C. 
Either a special register or a special 
register constant should be used in this 
case. An explanation of how to deter- 
mine the register constant would be 
rather long and complicated, without 
more specific details. 
Toronto, Ohio. HERBERT KING. 
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Voltage Rating of Lams Used for Syn- 

chro 


In synchronizing two 440- 
volt alternators by using lamps in case 
the synchroscope should fail, what 
voltage rating of lamps should I use. 
and how many of them? Should I 
provide lamps enough for 880 volts or 
440 volts? 

Indiana Harbor, Ind. A. R. D. 


With reference to A. R. D.’s question 
in a late issue, the number of lamps 
to use for indicating synchronism is 
determined by the voltage of the gen- 


B 


Potential coil- -> 


Line 
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erators. In synchronizing the two 440- 
volt alternators I would advise using 
four 220-volt lamps, because at certain 
instants the two sources of power will 
be 180 deg. out of phase and double 
the normal voltage will be impressed 


on the lamps. 
Plant Electrician, OvipE C. HARRIS. 
Feiberg Mahogany Co., 

New Orleans, La. 


* „ „ „ i 
In answer to A. R. D. in a late 
issue, he should use four 220-volt or 
eight 110-volt lamps, which should be 
connected in series. This will give a 
lamp capacity of 880 volts, which is the 
voltage between two 440-volt genera- 
tors when they are running 180 deg. 
out of step with each other. 
Hopewell, Va. R. M. BUSH. 
e *« $ 8 


Answering A. R. D. in a recent is- 
sue, the number of lamps used in a 
group to indicate synchronism is deter- 
mined by the voltage of the alternators. 
With high-voltage generators it is not 
advisable to use a large number of 
lamps for synchronizing; it is better to 
use a transformer giving 110 volts on 
the secondary. 

The greatest voltage impressed on 
the lamps will be double the normal 
voltage of the transformer or genera- 
tors. Thus, the maximum voltage im- 
pressed on the lamps when two 440-volt 
generators are being synchronized is 
880 volts. 

The dark period of the lamps may be 
shortened by impressing on them a 
voltage higher than their normal rat- 
ing. For example, in synchronizing 
two 440-volt generators, seven 110-volt 
lamps may be used, connected in series. 
Riverside, Calif. Pui D. COMER. 
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In replying to A. R. D.’s question in 
a late issue, it may be well to state 
the conditions for synchronism: (1) 
The voltages of the incoming machine 
and of the bus must be equal but op- 
posite in direction. (2) The voltages 
must be in phase. 

When synchronism between the in- 
coming machine and the bus is detected 
by the lamp method, it is necessary to 
have sufficient lamps in the circuit to 
withstand twice the synchronizing volt- 
age. Thus, in synchronizing with a 
440-volt bus it is necessary to have 
lamps for 880 volts connected in the 
circuit. However, this may be reduced 
to one 110-volt lamp by employing two 
transformers (for single phase) having 
a ratio of 8 to 1 (880 volts to 110 
volts). 

The reason for using sufficient lamps 
for twice the synchronizing voltage is 
because the voltages of the two ma- 
chines may at some period be in 
but in the same direction; hence their 
effective values will add, resulting in 
880 volts across the lamps. 


FREDERICK E. NIMMCKE. 
Brooklyn, N. Y. 
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Answering A. R. D. in a recent is- 
sue, when synchronizing two 440-volt 
alternators by using lamps, in case the 
synchroscope should fail, it is assumed 
that the potential transformers are 
either not available or that the instru- 
ment has a 440-volt winding, making 
the use of potential transformers un- 
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necessary. Under these conditions 
lamps must be provided for 880 volts; 
that is, eight 110-volt or four 220-volt 
lamps should be used. 

When the alternators are in phase 
and in synchronism the voltage across 
the lamps used for synchronizing will 
be zero and the lamps will be dark, 
assuming that the dark lamp method 
of synchronizing is used. f 

Suppose, however, that the alterna- 
tors are running at the same voltage 
and frequency but are 180 deg. out of 
phase, the maximum degree of dis- 
placement. The resultant voltage will 
then be double the normal line voltage 
and consequently there must be a suf- 
ficient number of lamps in series to 
withstand this voltage. 

It rarely happens that two machine 
voltages are exactly the same, but in 
any event the resultant voltage with 
the two machines 180 deg. out of phase 
will be quite close to double the normal 
line voltage. 


C. OTTO VON DANNENBERG. 
Designing Engineer, 
Sanderson & Porter, 
Springdale, Pa. 
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Referring to A. R. D. in a late 
issue, in the process of synchronizing, 
the circuit is arranged with the two 
alternators and lamps in series, the 
lamps being across the switch. 

As each alternator is delivering 440 
volts, it is obvious that there is a pos- 
sibility of getting a circuit of two elec- 
tromotive forces opposing each other, 
like two batteries in parallel, plus con- 
nected to plus, and negative connected 
to negative, the only difference being 
that with batteries the electromotive 
force is constant, while with the alter- 
nators it is changing at the rate of 120 
times per second on a 60-cycle circuit. 
Considering one instant in one cycle of 
the alternators for comparison with the 
batteries, there would be zero voltage 
on the lamps when the voltages are 
opposing each other which is, of course, 
when the plus terminal is connected to 
plus, speaking of the instantaneous 
values. This is the time to close the 
switch—when there will be no current 
flow from either machine to the other, 
as in the case of the batteries. 

With vectors, it is obvious that a 
voltage of 440 opposing 440 gives a 
resultant voltage of zero, because they 
are equal and opposite and the alterna- 
tors are in phase, synchronized with 
each other. When the alternators are 
out of phase by the maximum amount 
of 180 deg. the effect is like reversing 
the plus and minus wires of the bat- 
teries and the voltages then add up, 
because they are in series with the 
lamps serving as a load in a series cir- 
cuit. Consequently, as the total volt- 
age would be the sum 440 plus 440, or 
880 volts, the lamps must be arranged 
to stand that much without burning 
out. 

If the lamps were used with the 
synchroscope, they would be bright 
when the synchroscope hand is down, 
and dark when the hand is up on the 
zero point, each revolution being one 
cycle difference in the frequency of the 
alternators to which the synchroscope 
or lamps are connected. 

Boston, Mass. EDWARD A. GIBBS. 
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A. R. D. whose question appeared in 
a late issue, should make use of po- 
tential transformers if these are em- 
ployed for relays, meters, or other in- 
struments in connection with his alter- 
nators. The secondary voltage of the 
instrument transformers will determine 
the lamp voltage. The rated lamp volt- 
age should be double the pressure 
which would be impressed upon it if 
used across but one source of potential. 

In synchronizing the voltage from 
one machine alternately neutralizes 
and augments the voltage from the 
other machine, thus causing the lamps 
to become dark and bright in turn. 
Depending upon the connections, the 
alternators may be synchronized when 
the lamps are dark or when they are 
bright. It is more desirable that the 


transformers may be thrown together 


in the middle of the dark period as it 
is much more easy to judge this time 
than it is to tell when the point of 
maximum brightness is reached. 

If the secondary voltage of the po- 
tential transformers is 110 volts, then 
two 110-volt lamps in series should be 
used. One of the lamps is used only 
for resistance, and so may be mounted 
on the back of the panel. 


D. W. BLAKESLEE. 
Electrical Engineer, 
Jones and Laughlin Steel Corp., 
Pittsburgh, Pa. 
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Operating Direct-Current Motor as Gen- 
erator—We have a Century Electric, 
compound-wound, d. c. elevator motor 
rated at 220 volts, 52 amp., 1,200 r. p. m. 
which we wish to use as a generator 
to deliver 110 volts, 50-60 amp. I shall 
appreciate it if some reader will tell 
me whether it will be necessary to re- 
wind or reconnect the armature, or if 
there is any way in which we can 
operate it as it is. 
Caguanay, Que., Can. C. R. 
In reply to C. R., I would advise you 

to parallel the shunt fields and leave 

the series field and armature just as 
they are. The armature and series 
field will carry the current that you 

wish, 50-60 amp., just as well at 110 

volts as at 220 volts. 

Drive the armature at about 700 
r.p.m. instead of 1,200 r. p.m. This will 
cut the voltage very nearly to 110. 
Then by using a rheostat in the shunt 
field you can adjust it to suit your 
needs. NICHOLAS J. WEISS. 
West New York, N. J. 
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Answering C. R.’s question, he can 
secure the results he wishes by arrang- 
ing the shunt field in two parallel cir- 
cuits, reversing the series field and 
driving the motor at approximately 800 
r. p. m., in the same direction that it 
now runs. 

If this motor is “elevator rated” at 
52 amp. it is possible that it will not 
carry a load of over 30-35 amp. con- 
tinuously. The brush holder may have 
to be shifted a few bars towards the 
direction of rotation. 

Seattle, Wash. W. MONTELIUS PRICE. 
* * * * 


C. R. might try driving his elevator 
motor at 600 r. p.m. with the compound 
field winding cut out ard the shunt 
fields connected in parallel, if the motor 
is bipolar or in series-parallel (two 
parallel sets of two in series) if it has 
four poles. Under these conditions, the 
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machine should show an open circuit 
voltage of 110 volts, but it may not 
hold this voltage when he applies the 
load. In this case, try shifting the 
brushes against the direction of rota- 
tion, if commutation is satisfactory. 

Should this expedient fail to make 
the voltage hold up with increasing 
load, C. R. will have to experiment 
with the compound field. First, connect 
this in circuit so as to assist the shunt 
field and closely watch the voltage 
when the load is gradually applied. The 
field may prove to be too strong, in 
which case the voltage will build up 
higher than he wishes. This will neces- 
sitate removing a few turns from the 
series field coils. By a little experi- 
menting, C. R. should be able to get 
the series field adjusted to give the 
proper voltage. 

If it is not desirable, or is impossible, 
to run the machine at 600 r.p.m., it will 
be necessary to reconnect and probably 
rewind the armature. In order to ad- 
vise him on this point more detailed 
information as to the design of the 
motor would be necessary. 


Gurney Elevator Co., i 1 ALSH. 
New York City. J. M. W i 
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Referring to C. R.’s question, prob- 
ably the most satisfactory results 
would be obtained by rewinding the 
armature and fields, if it is desired to 
use the motor permanently as a gen- 
erator. Since the load will be only 
50:to 60 amp. at 110 volts, and the 
motor is now rated at 220-volts, 52 amp. 
it would have approximately the de- 
sired output by driving it at a lower 
speed, say about 600 r.p.m. or at the 
speed, as determined by test, required 
to give the correct voltage. If the ma- 
chine can be belted to the driving motor 
or other prime mover a test would 
readily show what size pulley should 
be used to give the required operating 
speed. 

As elevator motors have a very 
strong series field which is usually 
short-circuited or cut out when the mo- 
tor is up to speed, it will be necessary 
to cut the series field out altogether 
when the machine is used as a gen- 
erator, or install a shunt for it, since 
there would be difficulty in holding con- 
stant voltage if the field were left as 
it now is. The method described above 
is a makeshift which will require the 
least expense and the least number of 
changes. The shunt fields must be re- 
connected so as to give approximately 
the same field current as for the full- 
voltage condition. This would mean 
two fields in parallel for a two-pole 


motor, or two in series with two 
groups in parallel for a four-pole 
motor. 


If it is desired to maintain the speed 
at 1,200 r.p.m. additional resistance 
can be inserted in the shunt field cir- 
cuit to cut down the field current to 
give half voltage. A shunt will also 
have to be placed across the series field 
to weaken it sufficiently. 

If the motor is of the non-commutat- 
ing-pole type it will probably be neces- 
sary to shift the brushes, when acting 
as a generator, in the direction of 


rotation. C. OTTO VON DANNENBERG. 
Designing Engineer, 

Sanderson & Porter, 

Springdale, Pa. 


October, 1925 
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Odd-Time Uses of 
Welding and Cutting Outfits in. 
Industrial Plants 


HERE are many industrial organi- 

zations whose maintenance depart- 
ments own welding and cutting units. 
Practically any installation which has 
been in use for any length of time has 
repaid its cost many times over in re- 
pairing or rebuilding broken parts such 
as cracked frames, worn and broken 
gear teeth and other parts of machines, 
with the consequent prevention of seri- 
ous and costly shutdowns until new 
parts could have been made or received 
from the manufacturer. 

Breakdowns, however, occur infre- 
quently and such equipment, if used 
for repairs only, is idle part of the 
time. Also, other work must be found 
for its operator when he is not em- 
ployed on repairs. Welding and cut- 
ting equipment has a much wider use, 
however, and the progressive plant man 
can find many other applications which 
can keep the welding outfit and its 
operator busy. A simple application, 
for example, is the fabrication of gear, 
chain and belt guards, not as a busi- 
ness, but for use about the plant. Of 
course, such equipment may be pur- 
chased complete, but practically always 
must be made to fit. If it is built in 
the shop scrap sheet, pipe and wire 
mesh, or expanded or perforated metal 
can often be used. 

One example of this is the fabrica- 
tion of a guard for a small gear or a 
grinding wheel by means of an oxy- 
acetylene outfit. The usual method of 
making this in the shop is to lay off 
dimensions on the sheet steel to be 
used and draw any circles with a com- 
pass made from a piece of chalk on a 
string. It is a job of only a few min- 
utes for the cutting blowpipe to trim 
up the sections of the guard ready for 
joining, which is most readily done 
with the welding blowpipe. If any 
forming is necessary, the metal is heat- 
ed with the blowpipe and hammered 
into shape. 

Guards of sheet metal are usually 


Building Maintenance 


and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
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made in halves, as shown in an accom- 


panying illustration. These halves are 
neld together and to the machine by 
angle-iron brackets welded on as shown. 
Welding makes a stiff, strong, tight 
guard that will not leak oil. 

When guards for large gears, belt 
or chain drives, conveyors or heavy 
machinery are required, it is usually 


Examples of safeguards which 
may be made in a plant by welding. 


Practically any shop which has a 
welding and cutting outfit for repair 
work, can find many other odd jobs 
to keep the operator and equipment 
busy. These two illustrations, sup- 
plied by The Linde Air Products Co., 
New York City, show examples of 
work done in an industrial plant 
with an oxy-acetylene welding and 
cutting outfit. The illustration at 
the top shows guards of the type 
used on gears and chains. These 
are usually made of sheet metal and 
often hold oil into which the chain 
or gear dips. The illustration at the 
bottom shows a large belt guard, 
just back of the stairway in the 
center. This is made with a welded 
pipe framework upon which wire 
mesh is tack-welded. 
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best to use a steel framework covered 
with wire mesh, or expanded or per- 
forated metal. With cutting and weld- 
ing blowpipes at hand, scrap angle- 
iron or pipe % in. or 1 in. in diameter 
can readily be cut to size and welded 
into a frame. Usually a special layout 
is not necessary. The operator need 
only wheel his portable welding unit 
to the job and erect the guard frame, 
cutting, fitting, and welding as he 
builds it up just as a carpenter works 
wood. 

When the frame is in place wire 
mesh, expanded or perforated metal 
can be stretched over it and tack-weld- 
ed in place. Wherever it is necessary 
to leave openings in the screen this 
can be done by building a door frame 
or an open space in the skeleton. The 
door itself may be made of pipe frame 
covered with wire mesh. A large guard 
of this type is shown just behind the 
stairway in an accompanying illustra- 
tion. The railings on the stairway and 
platform are also welded. 

In addition to guards there are, of 
course, numerous other pieces of plant 
equipment that can be made. The in- 
genious superintendent who begins to 
look for new and economical welding 
applications will find them on all sides. 


Ingenious Method of 
Reconstructing and Erecting 
Settling Tanks 


HE man in charge of plant main- 
tenance, whatever title he may 
bear, must of necessity be a man of 
ideas and at times must demonstrate a 
bit of ingenuity to answer the demands 
placed upon him. An illustration of 
this occurred in connection with one 
industrial plant which required large 
quantities of water for process pur- 
poses. Because the required 750 gal. 
per min. were not always available 
from outside sources of supply, it was 
necessary to re-use all the water 
possible. 
In the process some of the stock was 
carried away from the wash tanks as 
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Fig. 1—Construetion of overflow 
and methods of making a non- 
leaking tank bottom. 


These tanks are 12% ft. deep and 
were made by cutting in two a tank 
25 ft. deep. To prevent the tank 
leaking, a channel was left in the 
concre e bottom. This was filled 
with oakum packing on the inside 
and then filled with pitch. The 
overfiow gutters are made of plates 
and angle iron and are fastened all 
the way around on the inside of the 

tank. The construction of the gut- 
oe and the method of attaching 

the 6-in. overflow pipe are shown in 
the sketch. The ingenious tool for 
punching the 628 holes in the tank 
which were necessary to attach this 
gutter, is shown in Fig. 2. 


suspended matter. The plant chemist 
and master mechanic worked out a 
method of coagulation and decantation 
which quickly threw down the sus- 
pended matter, and clarified the water. 
The precipitate, which was of commer- 
cial value, was saved. To increase the 
clarifying capacity two steel tanks, 50 
ft. in diameter and 25 ft. deep, were 
cut in half, thus making four tanks 
each 12 ft. 6 in. deep. How the two 


Fig. 2—This tool was used 
for punching the holes to 
attach the overflow gutter. 


To attach this gutter, as 
shown in Fig. I, required 628 
holes punche 10 in. below the 
top edge of the tank. Three 
men were able to punch 50 
holes an hour with this tool. 
The punch was driven by a 
pneumatic hammer with a 
rivet set. 
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additional tanks were set on concrete 
bottoms is shown in an accompanying 
sketch, Fig. 1. Because the clear water 
had at times run over the edges of the 
tank, the spot around the tank was 
always wet and muddy. To prevent this 
an annular trough or gutter, Fig. 1, 
was placed on the inside at the top of 
the tank to catch this overflow. Two 
6-in. pipes, which were connected by 
tank flanges riveted to the tank wall, 
carried away the clear water to the 
pump pit.. 

The gutter was of K -in. plate with 
the bottom and sides connected by 3-in. 
by 3-in. by %-in. angles, which were 
bent to fit the inside circumference of 
the tank and attached with %-in. riv- 
ets, spaced on 3-in. centers. Some 628 
holes had to be provided in the wall of 
each tank in order to rivet the gutter 
in place. As these holes were 10 in. 
from the top edge of the tank, the use 
of a screw-punch was impossible be- 
cause the usual screw-punch has only 
a 8-in. throat. To drill 628 holes in 
each of the tanks, or a total of over 
2,500 holes was out of the question. 
Fig. 2 shows how the device used to 
do this was made up for use with a 
tool-steel punch and a pneumatic rivet- 
ing hammer. With this, three men were 
able to average about 50 holes per hour 
in the tank walls. 

The row of holes was first laid out 
and center-punched around the circum- 
ference of the tank. The die frame 
was then placed in position by the set- 
screws on which handwheels were 
placed to avoid the use of wrenches. 
The punch was inserted in the guide 
bushing and the riveting hammer with 
a %-in. rivet set was applied to the 
rounded end of the punch. A bucking 
bar was held against the other end to 
steady the die frame. 

After riveting the shells and calking 
the vertical and girth seams, the tank 
was lowered into the groove in the con- 
crete base. After riveting the gutter 
in place and cleaning and painting the 
steel plates with an asphalt paint, 
oakum packing was placed on the in- 
side and the groove in the concrete was 
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Center drain 


Fig. 3—This drain pipe, which is 
set in the center of the tank bot- 
tom, has not leaked in over a 
year’s service. 


filled, both inside and outside the tank 
wall, with an asphalt compound of high 
melting point. These joints have re- 
mained tight after fully a year of con- 
tinuous service. The settlings are 
cleaned out of the tanks very two weeks 
through the drain in the bottom; the 
details of the construction of this joint 
are shown in Fig. 3. 

The floor of the tank was water- 
proofed with a mixture of calcium 
chloride and flake glue melted and 
mixed with portland cement. Enough 
water was added to make the mixture 
fluid enough to spread with a broom. 
Bonne Terre, Mo. H. R. Wass. 


Abrasives to Use for Grinding 
Small Valves 


MERY and ordinary grinding 

compounds will not do for grind- 
ing small valves as they make the sur- 
faces worse than before. A good abras- 
ive material for this purpose is pumice 
dust. This may be purchased at al- 
most any drug store. Dip the oiled 
valve in this and lap it in its seat. The 
pumice will do the work quickly and 
without scoring. 

Pet cocks are another of the grind- 
ing jobs that give trouble by scoring. 
If the average mechanic has a pet cock 
or any other of the plug valve family 
to regrind, the chances are that he will 
turn out a job full of ridges and 
grooves 

The writer has been faced with this 
problem many times. One time it was 
a pet cock in a mill, again a cock on 
the gasoline tank at a roadside filling 
station, and so on. Of course, nearly 
all of these places had some sort of 
abrasive they knew would do. However, 
the writer always went to the nearest 
railroad track and followed along until 
there was a pile of sand against one 
of the rails, where an engine had 
slipped and the engineer had given the 
wheels sand. 

Using a liberal quantity of this, in 
fact, rolling the well-oiled plug right in 
it, the grinding commenced. At first, 
the soft brass seems to be ruined, but 
soon a surface is produced that will 
hold any liquid. DoNALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


October, 1925 


Electrical Service 


How Electric 
Baking Oven Speeds Production 


of X-Ray Machine Coils 


NE of the important problems en- 

countered in the manufacture of 
X-ray machines is to secure thorough 
drying of the insulating varnish used 
on the secondary coils. These coils are 
wound by special machines and consist 
of layers of enameled wire ranging in 
size from No. 28 to No. 36. Strips 
of oxidized oiled paper are placed be- 
tween the layers of wire. Each layer 
of wire is then treated with varnish 
to give mechanical strength and keep 
the wires in place. The finished coils 
have a 3-in. face and vary in diameter 
from about 8 in. to 16 in. 

Formerly these coils were allowed to 
dry in air, but this took a long time 
and one could never be certain that 
the varnish was entirely dry. Conse- 
quently, it was necessary to work about 
three months ahead on our coils in 


eee eee 
Secondary coils for X-ray machines 
are baked for 24 hr. in this oven. 


Formerly they were allowed to air 
dry for about three months. 
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For this section ideas and practical methods devised 
to meet particular operating conditions are invited 
from readers. 


The items may refer to inspection, 


overhauling, testing or special installasions. 


order to insure that they would be as 
nearly dry as possible when they were 
finally assembled in the machines. Wet 
or “tacky” varnish is not only a poor 
insulator, but in time it will attack the 
enamel on the wire and destroy its in- 
sulating value. 

The use of an electric oven for bak- 
ing the coils has eliminated this uncer- 
tainty and enabled us to cut down our 
stock of finished coils. Now, after the 
coils are wound and taped they are 
placed in the oven, which was made 
by the Westinghouse Electric & Mfg. 
Co., and baked for 24 hr. at a temper- 
ature ranging from 150 to 170 deg. F., 
after which they are ready for use. 


Electrical Engineer, W. S. WERNER. 
Kelley-Koett Manufacturing Co., Inc., 
Covington, Ky. 


Removable 
Shield Which Protects Motors 
From Dripping Moisture 
OTORS operating in paper mills, 
dye houses and other similar 
places, where they are subjected to the 
drip from condensation on ceilings or 
water pipes, may be protected by using 
a special hood or helmet which sets on 
top of the motor. The attachment 


A removable helmet or shield, such 
as this, protects the motor from 
any dripping hot or cold water. If 
reinforced, as shown, it will also 
stand considerable rough handling. 


A 
oF Flat jon 


9" fo 12 “over Motor diameter------: 


shown in the accompanying sketch is 
sufficient, we have found, to shield the 
motor under such conditions. In addi- 
tion, it does not occupy additional floor 
space or interfere with sweeping 
around the motor. It will stay in place 
under any conditions, although it is 
easily removable when occasion re- 
quires. 

As is indicated in this sketch, the 
brackets N this shield are 
more particularly adapted to the open- 
frame type of motor, but by the proper 
change in the flat iron brackets the 
shield can be easily adapted to other 
types of motors. The brackets ordinar- 
ily are made about % in. shorter than 
the distance between the side frames 
of the motors. A clearance of about 
9 in. between the motor and the shield 
for motors up to 25 hp. and a 12-in. 
clearance for motors up to 75 to 150 
hp. is ample for ventilation. This shield 
is made of 24-gage sheet metal stif- 
fened at the edge with a wire, as 
shown in the sketch, which makes it 
sufficiently rigid and substantial so 
that it will stand hard usage. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp & Board Co., 
New Haven, Conn. 


Testing Insulation Resistance 
Reduces Shutdowns 


HE condition of the insulation of 
several of our rolling mill and 
mine motors and generators is of 
great importance to us because of the 
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continuous service that is required of 
them; particularly so, in view of the 
fact that we have them insured against 
damage and carry use and occupancy 
policies. 

A little over a year ago we decided 
that in order to obtain the full benefits 
from our insurance we should carry out 
a rigid inspection of the important 
units once a month. This inspection 
was to be the same as the one per- 
formed by the insurance company’s in- 
spector three times a year. 

We decided that it would be impos- 
sible to use a high-potential test to 
determine the dielectric strength of the 
insulation because of the danger to the 
old machines, their location, and vari- 
ous other factors well known to oper- 
ators of this type of equipment. It was 
decided to use a 1,000-volt megger to 
measure the insulation resistance and 
to plot curves of insulation resistance 
for the period of a year, as taken by 
monthly tests. 

In Fig. 1 are shown some of the 
curves that were taken on a synchron- 
ous motor-generator set over a period 
of several months. Readings were 
taken on the synchronous motor field, 
the synchronous motor stator, and the 
d.c. generator field. As is shown in 
Fig. 2, the method of making a megger 
test on these machines is very simple 
indeed. The ground terminal of the 
megger is connected to the bedplate or 
other grounded part of the machine 
and the line terminal of the megger is 
then connected to the winding on which 
an insulation test is to be made. 

Fig. 2 shows how a test of the field 
of the synchronous motor is made. 
As shown by the middle curve in Fig. 1 
the insulation resistance varied from 
20 to 18 megohms during the months 
of January, February and March. In 
April, however, the resistance fell to 
9 megohms. 

When the test was made in May the 
insulation resistance was found to be 
only 0.4 megohms or 400,000 ohms. We 


Fig. 2—Systematic tests of msula- 
tion resistance prevented a shut- 
down at an inopportune time on 
this machine. 


Tests are made each month and the 
values obtained are plotted as 
shown. A sudden drop in the readings 
indicates an approaching failure. 
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look for trouble on 2,300-volt machines 
showing an insulation resistance of 
less than 1 megohm and on 250-volt 
machines showing a resistance of less 
than 800,000 ohms. Inasmuch as the 
field of the synchronous motor is on a 
2,300-volt machine, the 400,000-ohm re- 
sistance was entirely too low. Conse- 
quently, it was decided to make tests 
on the individual poles of the field of 
the motor. 


Fig. 1—The data taken from the 
megger test are plotted as shown. 


The drop in the value of insulation 
resistance in April indicated that 
something was wrong. The pro- 
nounced drop in May caused an in- 
vestigation to be made which re- 
sulted in the discovery of a 
grounded field coil. 


As would be expected, the weak point 
was found in one of the poles. Upon 
the removal of the coil from the de- 
fective pole, it was found that the in- 
side end of the coil was practically 
grounded. We were able to replace the 
field coil and thus prevented a shut- 
down of this machine at a time when 
its services were required. 

We have been able to discover several 
cases of defective insulation since this 
method was put into practice and have 
prevented at least three shutdowns of 
important units. 

We have found that this method is 
a very convenient, reliable and safe 
check on machines of importance. We 
are now considering a similar check 
on all of the important 2,300-volt feed- 
ers in our plant. 


Chief Electrician, 
Follansbee Bros. Co., 
Toronto, Ohio. 


J. S. MURRAY. 
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Causes of Trouble in 
Operating Motors in Parallel 
on Bridge of Crane 


F SEVERAL cranes are installed in 

an industrial plant and trouble with 
the bridge propelling motors occurs on 
only one crane, the chances are that the 
trouble is due to some local disarrange- 
ment of the track caused by the set- 
tling of the building. This would cause 
the wheels to bind on the rails so that 
the motors instead of applying power 
on the basis of 25 or 30 lb. per ton 
will be compelled to exert torque on 
the basis of two or three times this 
amount which, of course, will unduly 
overload the motors. Binding of the 
wheels may also be caused by the 
wheels themselves getting out of align- 
ment. 

If the trouble is not occasioned by 
undue friction losses it may be due to 
careless or improper operation. 

It should be remembered that the 
power exerted by the bridge motors on 
the crane is used in two ways: (a) To 
overcome the friction in the bearings of 
the bridge wheels, to supply losses in 
the gearing, and to overcome the 
windage and all other friction losses. 
(b) To overcome the inertia of the 
bridge itself. 

The power required to overcome the 
inertia lasts only as long as the bridge 
is being accelerated, whereas the power 
required of the motors to overcome. 
friction lasts all the time the bridge is 
in motion except, of course, when 
power is shut off and the bridge coasts 
to rest. With such a heavy structure, 
the power required under item (b) 
above is often several times the value 
of (a) and since it takes considerable 
time to bring this up to full speed the 
motor may be taxed far beyond its ca- 
pacity, assuming that the controller 
handle is turned on too fast and there 
is no means of limiting the current 
peaks. 

Assuming that the accelerating con- 
tactors operate by some current-limit- 
ing scheme, the relays should be ad- 
justed to keep the accelerating peaks 
down to a reasonable value, even 
though this may lengthen the accelerat- 
ing period somewhat. If, when the re- 
lays are adjusted to keep the current 
peaks down to proper value, it is found 
that it takes too much time to get the 
bridge up to speed, the only other alter- 
native is to use larger motors which 
can exert the necessary torque at start- 
ing without injury to themselves. If a 
definite time-limit scheme of accelerat- 
ing is used, the timing relays should 
be set to give a greater period of 
acceleration. 

If there is no automatic device for 
keeping the current peaks down, it may 
be found that the operator throws his 
controller handle around to the “full 
on” position, which is equivalent to 
throwing the motor directly on the line 
without the usual protection obtained 
by first inserting resistance in series. 
When accelerating loads of low inertia, 
this may have no bad effect providing 
the motors can commutate the inrush 
of current, since the motors quickly 
reach full speed and the extra current 
due to accelerating the load quickly 
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falls to zero. In the case of a high-in- 
ertia load it is very important that 
some means be provided for keeping 
the current peaks down during the 
long accelerating period. 

This should be done by means of ac- 
celerating relays. Relays will take the 
problem of how fast the accelerating 
contactors should go in, entirely out 
of the operator’s hands. 


R. F. EMERSON. 
Industrial Engineering Dept., 
General Electric Co., 
Schenectady, N. Y. 


Some of the 


Practical Points to Consider in 


Selecting Brushes 


ATISFACTORY operation of di- 

rect-current and slip-ring motors 
depends, to a large extent, upon the 
type of brush used; however, a brush 
which is entirely satisfactory for one 
type of service may be very unsatis- 
factory in another. 

Some of the more important factors 
to take into consideration when select- 
ing brushes for any particular appli- 
cation may be obtained from a careful 
study of the accompanying chart en- 
titled, “General Characteristics of 
Brushes.” This is a slight modification 
of a chart issued by the LeValley Vitae 
Carbon Brush Co., New York City, and 
gives a brief discussion in tabular form 
of some of the characteristics of a 
brush, the definition of these character- 
istics, and their effect on performance. 


— ——— 


Comment on 
“Motor Trouble Traced to Tight 
Pump Bearings” 


1 NOTED in a recent issue of 
INDUSTRIAL ENGINEER an article by 
Grady H. Emerson, under the above 
heading, and wish to comment on it 
to the extent of commending him on 
the way he handled this pump and 
motor trouble. Too frequently the re- 
pairman who is called does not analyze 
the action of the different parts and 
more trouble is caused, which is en- 
tirely unnecessary. 

The motor mentioned is, as stated, a 
self- or automatic-starting polyphase 
motor, only a plain knife switch being 
necessary to start the motor, as only 
the high-resistance squirrel-cage wind- 
ing is used in starting, this giving ap- 
proximately 200 per cent of full-load 
torque. The balance of the rotor wind- 
ing or the insulated winding is thrown 
into service after the motor gets up to 
speed and the governor operates, short- 
ing each rotor coil on itself, thereby 
giving a low resistance running wind- 
ing. 


The short-circuiting segments which 


are contained in the spring barrel or 
shell are practically the same as are 
used on Century single-phase motors 
and are used to short the commutator 
bars of the insulated or running wind- 
ing, and in this manner the additional 
amount of copper is added to the rotor 
circuit. 

On the smaller sizes of motors, the 
spring barrel is made of pressed steel 
which will stand more abuse, but since 
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we have quite a number of the larger 
motors out, and have not had occasion 
to supply new spring barrels, this 
would indicate that the cast-iron spring 
barrel is strong enough to perform its 
proper function. I might also state 
that the same construction is used on 
the large single-phase, repulsion-induc- 
tion motors. 

Referring to the wearing of one of 
the rods or governor pins, this is an 
unusual condition and we are inclined 
to believe, as stated, that it may have 
been upset due to the spring barrel 
being blocked by the broken piece. 

In assembling the governor mechan- 
ism and the spring barrel at the fac- 
tory, the governor is first installed and 
then the spring barrel is pushed back 
against the pins, and if there is any 
play in either weight, the other pin is 
cut off. 

The spring barrel can then be moved 
to its maximum running position to 
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determine whether or not the short- 
circuiting segments will properly span 
between the commutator bar and the 
copper short-circuiting ring just be- 
hind it. 

In the ordinary manufacturing proc- 
esses it is practically impossible, al- 
though we use drilling jigs through- 
out, to cut the pins so that it is not 
necessary to make some adjustment 


_after the spring barrel is installed. We 


mention this so that it will be under- 
stood that if the governor weights are 
interchanged on the studs, one pin may 
appear to be longer than the other and 
inasmuch as it is easier on the job to 
interchange the governor weights, per- 
haps two or three times before the 
right length is obtained, than it is to 
dismantle them, they are first inter- 
changed to see if this will not correct 


this condition. 
Service Dept., H. S. KELLOGG. 


Century Electric Co., 
St. Louis, Mo. 


General Characteristics of Brushes 


DEFINITION INFLUENCE ON PERFORMANCE 
Anne rr... n !...... 8 
GENERAL SPECIFIC DIRECT EFFECT VARIATION REMARKS 

Carbon-Graphite Hard, slightly|Varying wit hiGenerally used 
abrasive. percentagejon fush mica 

of graphite. equipment. 

Electro- Hard, non-abra- Used on slotted 

Graphite sive, low friction. mica commuta- 

tors and high 
Composition Natural- Soft, more abra- speed equipment. 

Graphite sive and higher 
friction than elcc- 
tro - graphitic 
brushes. 

Metal-Graphite Low resistance.|Varying withiLow volta A 
high current ca-ilpercentagejwork and alip 
pacity of metal con- rings 

tents 
Opposition offer-|Specific resist-[One of the fea- With increased] Reslstance is not 
_ fed by material tojance is the ohms tures which af-jtemperature ofiso important by 
i flow of current. per in. cube ofifects current ca-|carbon, resist-litself as by ite 
Resistance material from pey. of brush.ja n ce generallylinfiluence on ca- 
one face to oppo- the gher the goes n and con- 
te one. resistance t h e (Negative tem- rop. 
lower the capac-|perature coem- 
` ity. cient.) 
Abiıity of sur-|Scleroscope hard- Hard brushesiSmaller percen-|Extreme har d- 
face to withstand] ness is measured withstand me ⸗ tage of graphite nes is liable to 
pressure. by height of re-jchanical strainsjgenerally in-jcause chipping. 
Hardness bound of a steeljand have longicreases dness. Hardness has no 
weight dropped life, soft brushes relation to abra- 
from a certainiwear faster but siveness. 
height. run more quietly. 
Ability of mater-[Strength is given|Strength must be Carbon graphlte[ Strength of 
jal to withstand|in Ib. per sq. in. considered where|/Drushes show brushes depends 
Strength mechanicaliat which brushjunusual mechan-|25% to 50 % largely upon the 
strains. breaks under ajical conditions|greater strength|composition 
shearing strain. |prevall. than naturalſ method of manu- 
graphite brushes./facture. 

Voltage needed Normal contact| The contact dropjIt varies only!Non-Interpole 

to pass currentidrop is the volt-|voltage opposes slightly with den- machines with 

through point ofjage bet ween|the voltage gene-|sity of currentih igb reactance 
contact between|brush and com-|rated by reversaijand is more orivoltage shouid 
brush and com-jmutator, w he njof current underjl ess constant have high con- 
Contact Drop /mutator. norma: current is brush known as within the range|tact drop brush- 
paseing. Totaljreactance volt-jof normal capac-jes. Inter po le 
contact drop islage. ity. With in-|machines with 
the sum of posi- creased pressure reactance com- 
tive and nega- it goes down at pensated for do 

tive drops. first and then be- not need them. 

comes constant. 
The force which|Coefficient of fric-|Friction means/Coeffictentoffric-|Brushes may be 
opposes the mo-jtion is the ratioheat and wearjtion _ Increases|treated to reduce 
tion of commuta-|between the force and low frictionſw It h increased friction. 
Friet ion tor as it passes of friction andjis essential. pressure on brush 
by the brushes. the normal pres- and decreases 
sure at surfaces. slightly with 
speed. 

The peripheral/T he maximum Do not exceed Other conditions] For slip ring ser- 

speed of contact|vermissible apeedſre o mmendedſ being equal the vice speed may 

surface underiis given in ft. per figures: otherwise uature of surface be increased 25% 

Surface Speed drushes. minute. heating, chatter-jo f commutatorſto 50%. 
ing and chipplng[ changes consider- 
may result. ably with the 
speed of same. 
The current ajNormal capacity/The carrying ca- Machines wit h Brushes on slip 
brush can carry|is given in am-jpacity must be/poor commuta- rings may 
without und uejperes per aq. in/,taken into ac-ition and result- rated 25% to 
heating. of cross section|count in choos-jant high heatine|50% higher ca- 
Capacity and rmite o filing brushes .jeffect of short|pacity. 
liberal overloads. Normal load orjcircult currents 
overload may be demand higher 
the determining capacity brushes 
feature. than interpole 
machines, 
The tension of Normal pressure Lowest brush/Pressure affects|Too much impor- 
brush spring for is given in Ibjtension giv- bot h contactitance cannot be 
Pressure best operation. per sq. in. ofſing good results|drop and friction jattached to 
cross section ofjis desirable. S 8580 spring pressure. 
5 ee above 


brush 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 
service from the first mechanical driv- 
ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


How Old Double Belts Were = ma 5 5 belting sane a bit narrow for a 314-in. belt, and 
‘ rial, and decide to use it on the rive so in narrowing up this oid planer belt, 
Re-used on Small Drives to these lathes, which operated over it was cut to 8% in. wide. This pro 
MACHINE shop had one planer friction pulleys without belt forks. The vided a more powerful drive than 
drive that was particularly hard duty was light in comparison with would have been the case if the nearest 
on belts. This drive consisted of two planer work. From the old belt he cut size, had been used that would run 
vertical belts running from the planer eight pieces which averaged 4 ft. in freely on the cones. 
counter-shaft overhead to the machine. length when they were squared off. 
One of these belts, the reverse, operated These were put through the lacing ma- 
at a speed considerably over 6,000 ft. chine and made up into two belts. The How Machine Shafts Get Bent 
per min. The shop bought the very joints were all good and solid and, as in Agsemblin 
best 4-in. double belts made especially ine belts were not shifted and not in Asse 8 
for this purpose, but the average life within reach of the operator, they Vii setting up machinery in the 
of the two belts was only about a year. gave good service. In making them up, Geld or assembling tightly fitted 
This short life seemed to be due not the best side was put next the pulley. parts without a press, & little careless- 
so much to the speed as to a separa- A new 8-in. single belt was put on ness may easily undo all the careful 
tion of plies due to bending and twist- the vertical drive of the same lathe. machine work that has preceded. This 
ing; at least, the fact that the crossed This slipped, as all new belts do until usually comes from driving the shafts 
driving belt was the one to go first they get softened, 80 much that the into gears or pulleys or in special con- 
seemed to prove this. Also, the shift operator could not carry on the re- struction. Often the only way to do 
was rapid and tended to wear the quired lathe work. It was proposed by this is to use the sledge. While this 
edges. _ the lathe foreman to coat the belt thor- method is to be deplored it often has 
Although the belt was carefully oughly with oil and let the machine run to be done, nevertheless. It is entirely 
watched and frayed joints or edges idle a couple of days to run-in the belt. possible to drive a shaft without bat- 
were cemented up overnight, finally 4 However, the beltman searched through tering the end, but the most serious 
loose lap would catch on the fork be- some more of this discarded belting trouble comes from hitting the shaft on 
fore it was noticed and tear out a piece and picked out several fairly long sec- 3 slight angle instead of squarely. 
of the belt. After two or three pieces tions with one-ply in good shape. Rip- the blow has a sufficient angular mo- 
were torn out of the belt and the ping off the worn plies, he collected ment to overcome the elasticity of the 
stretching caused several baggy spots, three good, single pieces long enough steel, the shaft will be bent. 
the belt naturally would then be longer to make up a belt 24 ft. long. On many shafts which have been 
in places on one side than on the other, Te single plies were squared off and driven in, when put in the i the 
which would cause it to flop over in a the ends skived down to make long, mechanic has found that the shaft does 
permanent twist. By that time, à new lapped joints. Using belt cement, ham- not turn freely or that the assemb 
belt was cut to length and laced, ready mering the joints tightly together, and parts run out of line so badly that the 
to substitute on & moment’s notice. In clamping overnight, the belt man had job has to pe “shopped” for straight- 
this way, about 50 ft. of used belt was 4 presentable pelt ready in the morn- ening and for additional repairs. In 
put away in the belt stores in the hope ing. The two ends were cut off to cor- many of these cases, the workmen do 
that there might be some other job rect length and wire laced carefully. not understand how the shaft got bent 
where the duty was less severe and on This made a belt the full width of and blame the trouble on poor shop 
which these lengths could be used or the cone pulleys of the lathe and one work. 
might be useful in patching other that was extremely pliable and with a Shafts that have not had the end 
planer belts. perfect friction surface all ready for trued in a lathe are the unsuspected 
Finally, the shop put in a new lathe the pulleys. It was a little thinner causes of much of this trouble. A good 
and needed two 16-ft. belts; 4 in. wide than a regular single belt but the as- striker can hit the end of a shaft 
to drive from à lineshaft to the two sumption was that this belt had as squarely, but he cannot hit the end of 
pulleys on the lathe countershaft. No much actual strength as the ordinary a shaft that is sawed at an angle of 
: cause it was made from 1/16 in. without bending it. Whether 
the plant did not care to buy any be- a higher grade of material. This belt it takes a permanent set or not depends 
cause work was slack. The belt man proved to be most satisfactory on the upon the relative force of the blow and 
remembered the old planer belt, which lathe. The pulleys on the lathe were the resistance of the 
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Method of Checking 
Parallelism of Shafts on a 
Chain Drive 


THE two ammonia compressors 
that are chain driven from Allis- 
Chalmers motors in an ice eream fac- 
tory, one has always run well but the 
drive to the other had given trouble 
for years. According to the operating 
force, this machine was classed with 
multitudinous other installations of 
machinery that “have never been right 
since they were set up.” Each man who 
had taken the job of engineer had run 
the gamut of slack chains and tight 
ones, shifting the sprockets so that 
they “lined up better,” taking out, or 
putting in a few links of the chain, lev- 
eling the motor, and so on. However, 
the chains frequently broke, or jumped, 
and were noisy. l 
An amusing incident of one of these 
efforts was the attempt of one engineer 
to shorten up the lower run of the 
chain and put the excess on the top 
run. This man counted links, punch- 
marked the sprockets, and got the man- 
ager enthusiastic over the plan. “My 
idea,” he said, “is to advance the chain 
three links on the driven sprocket, but 
leave it at the same place on the motor 
sprocket. If I can keep it there, I will 
have the slack out just after the crank 
passes the dead center each time and 
there won’t be that slap to the chain 
that breaks it.” 


Needless to say, when the fireworks 


died down the sprockets and chain had 
settled those important details auto- 
matically and resumed their old rela- 


The last man on the job got tired of 
replacing broken links and insisted 
that the installation was out of line. 
However, he preferred to have someone 
else with more experience go over it. 
An expert mechanic was called. in, 
looked over the machine, made some 
measurements and “went back to the 
shop for tools.” He returned with a 
long straight-edge, a level, some shims, 
and a ball of twine. The motor did 
need a little leveling up, but the amount 
was not enough to cause chain trouble. 
The long straight-edge was placed 
against the edges of the large sprocket 
on both sides. Tests indicated that the 
driving sprocket centered very well. 
Previous to this, he had clamped a piece 
of steel against a guard and ascer- 
tained that the driven sprocket ran true 
on its a 

These details settled, the remaining 
step was to find whether the shafts 
were parallel. Here he was stuck. The 
50-hp. motor had a 50-in. shaft with no 
place longer than 6 in. to line it up by. 
It was the typical situation with a mo- 
tor installation; the wonder is that 
they are as good as they are, for a 
man really has nothing to work from. 
The accompanying drawing shows the 
essential details but, for obvious rea- 
sons, the drawing is not to scale. The 
sprocket lined up with the driven 
sprocket. The outboard bearing of the 
crankshaft was 11 in. in from a line at 
the front end of the motor. 

The experienced eye of the mechanic 
told him that the motor was not paral- 
lel with the compressor, but a careful 
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examination of the motor, even to 
scraping away some paint, showed that 
no machined surfaces were available for 
checking. To run a line was a hope- 
less task. He pried off the sheet metal 
cap at the front end of the motor frame 
to see if the shaft center was avail- 
able. He then returned to the shop to 
make the tool shown at the right in 
the accompanying sketch. 

This tool was made from an 8-ft. 
piece of %-in. by %-in. drawn steel. It 
was twisted at right angles about two 
feet from one end and a 5/16-in. hole 
was drilled near the other. A piece of 
steel was pointed in the lathe to fit the 
center holes in the motor shaft, turned 
to fit this 5/16-in. hole and riveted in. 

The twisted end of the bar of steel 
was then graduated in the shaper vise. 
The table-feed screw of the shaper had 
four threads per inch, or a movement 
of %-in. for each half turn of the 
screw. A series of lines or grddua- 
tions, all of the same depth, % in. 
apart, were cut with a V-pointed tool 
by lifting the tool while the feed handle 
was turned first to the top and then to 
the bottom. A length of 8 in. was 
graduated in 10 min. with a passable 
degree of accuracy. ` 

A line was run with a square across 
the bar from the last graduation and 
brought to the opposite face. Using 
this for a starting point, a similar grad- 
uation was cut on the opposite side. 

Finally, steel stamps were used to 


-number each inch of graduation on 


both sides with its distance from the 


cone point. Thus, the bar could be used 


either side up and the graduations 


By means of the tool shown at the 
right the motor and compressor 
shafts were found to be 1 in. out of 
parallel in the length of the motor. 
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would read true from the center of the 
motor. As the lines were cut clear 
across the %-in. side of the bar, a 
reading could be made on either edge 
or by a tool laid across. 

It took nearly 2 hr. to make this tool. 
Many millwrights might argue that 
this was an unnecessary expense. On 
the other hand the units had been lined 
up with the general tools of the craft 
a number of times and the results were 
very unsatisfactory. What the special 
tool disclosed was startling enough to 
warrant any expense. 

In using this measuring tool, it was 
first necessary to strike a vertical cen- 
ter line on the outer end of the crank- 
shaft and a line on the top center of 
the shaft between sprocket and main 
bearing. These lines were used as read- 
ing points against the tool. As the out- 
board bearing was nearly a foot short, 
a combination square was placed 
against the end of the shaft and on the 
center line. This extended the line to 
the graduations on the tool. 

When the parallelism of motor and 
crankshaft was checked with this tool, 
it was found that the shafts were 1 
inch out of parallel in the length of the 
motor. A minor part of this was traced 
to the skewing around of the motor 
and rails under the pull of the chain, 
but most of it was in the original 
alignment. To correct this, the foun- 
dation bolts had to be moved so as to 
allow sufficient shifting. When pried 
around to parallelism, a piece of 4-in. 
by 4-in. timber was put at opposite 
corners to prevent future shifting un- 
der loads or loosened bolts; one of these 
timbers butted the adjacent bed plate 
of the machine and the other the con- 
crete wall of the building. 

DONALD A. HAMPSON. 
Plant Superintendent, 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Correction in 
“Some Practical Pointers and 
Winding Rules” 


N THE article by A. C. Roe, pub- 
lished under the above heading in 
the August, 1925, issue an error was 
made in the first paragraph on page 381 
in referring to Fig. 1B instead of 
Fig. 1C. The corrected paragraph 
should read: 
By comparing Fig. 1 C, which shows 
a right-hand winding, with Fig. 1A it 
will be noticed that coil C is shorted, 
and that the arrows on slots 1 and 2, 
4 and 5, 7 and 8, 10 and 11, in Figs. 1A 
and 1C are in the same direction. 
Hence, a left-hand or right-hand coil 
does not affect the rotation or polarity. 
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Construction of 
Foot-Operated Broach for 
Cutting Plate 


HEARING 6 -in. and heavier steel 

plates, is usually done in the small 
repair shop by drilling a series of 
holes, spaced closely, and finishing the 
cut with the chisel. Where plate shears 
are available or where the work can be 
done in a shaper, these means are used 
instead of the drill method because of 
the time required to cut plate with the 
drill press. 

In one small shop, a foot-operated 
shear or cutter was made up as indi- 
cated in the accompanying sketch. 
While intended for temporary use, the 
fixture was such a success that it was 
adopted for a considerable amount of 
plate shear work and is used to gash 
or sever the plate, wherever any 
straight-line cutting work is required. 

The tool or fixture was made for foot 
operation; a piece of 2-in. by 4-in. 
stock serves for the foot lever. A 
broach-like cutter about %-in. in width 
fits into a die plate, as shown, with a 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 


rectangular slot for the cutting tool. 
The tool is mounted in a slot in the end 
of a holder made of cold-rolled steel 
and connected with a link to the foot 
lever. 

The shear is mounted on a heavy 
bench, the die plate on the top, with a 
flanged guide under the top for the 
cutter holder. A small section is re- 
moved from the cutter guide flange for 
releasing the chips. 

The cutter is ground to give a W- 
in. chip, so that each stroke of the 
shear lengthens the slot by that 
amount. Longer cuts or chips up to 
an % in. have been made. However, 
the smaller chip is more rapidly made 
and with less effort on the part of the 
operator. A coil tension spring lifts 
the foot lever and cutter when the foot 
is released. This fixture is suitable for 
the small shop, can be made from easily 
available material and will find consid- 
erable usage where the shop handles 
occasional jobs requiring plate. 
Washington, D. C. G. A. LUERS. 


Shoe 


This foot-operated cutter, using a 
tool like a broach, is used to cut 
light plate and for doing other sim- 
ilar jobs. 
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Details of 
Construction and Some Possible 
Uses of a Growler 


E HAVE found our growler so 

useful for a variety of purposes 
that an account of how we use it may 
be of interest to other readers. 

Our growler has an iron core 4 in. 
square in cross-section and is made 
in the shape of a horseshoe, as shown 
in A of the accompanying illustration. 
It is wound with 40 turns of two No. 7 
B & S gage wires in parallel, although 
the two wires may connected in 


series if desired. The growler is oper- 


ated on a 220-volt, 60-cycle circuit. 

In addition to its use for locating 
short-circuits and other defects in 
armatures and rotors, a growler can be 
used for a number of other purposes, 
such as locating shorts in stator, shunt 
and series field coils; as an autotrans- 
formei; as a testing transformer up to 
2,000 volts or so; and as a step-down 
transformer for heating purposes or 
even for spot welding. 

The use of a growler for testing 

armatures and rotors is well known 
and consists in placing it over the core, 
as shown in B of the illustration, pass- 
ing current through coil A and moving 
a light piece of iron over all of the 
coils. If a shorted coil is encountered, 
the piece of iron will be attracted very 
noticeably. 
_In an armature of the average size, 
heat will be generated in the shorted 
coils, just as though the armature were 
in operation. A transformer action 
takes place when testing an armature 
with a growler. The armature com- 
pletes the magnetic circuit; coil A acts 
as the primary of a transformer and 
the armature coils linked by the mag- 
netic circuit act as the secondary. 
When a. shorted coil is linked by this 
magnetic circuit the heavy secondary 
current set up in the coil creates a 
magnetic field around it; therefore, the 
piece of iron will be attracted when 
passed over the coil. It should be 
borne in mind that small, high-voltage 
armatures should not be tested in this 
manner without inserting a suitable 
resistance in series with the growler or 
lowering the voltage applied to the coil, 
as the induced voltage in armature coils 
with a large number of turns of fine 
wire may be excessive, especially in the 
case of certain types of armatures. In 
an armature wound for 500 volts a 
voltage high enough to puncture the 
insulation may easily be induced. 

When testing a wound rotor the re 
sults are likely to be confusing if the 
rotor is connected in delta or more than 
one-circuit star. In such cases the cir- 
cuits must be disconnected before test- 
ing; otherwise the rotor will appear to 
be shorted, due to currents flowing 
around through the closed circuits. 

A growler may also be used for test- 
ing armature and stator coils before 
these are placd in the core. This test 
may be of considerable value where old 
coils are to be saved and used over 
again. In testing such coils a bridge 
made from laminated iron of the same 
cross-section as the growler core and 
placed across the gap, is necessary. An 
ammeter should be connected in series 


with coil A, the bridge placed across 
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the gap, the switch closed and the am- 
meter reading noted. Then the bridge 
should be removed, a coil placed over 
one pole of the growler and a reading 
taken with the bridge in place. If the 
reading is the same as before the coil 
was put on, the coil is O. K. If the 
coil is shorted the ammeter reading will 
be much larger. Do not let the coil 
ends touch each other. It is possible 
to test a number of coils at once, but if 
a high ammeter reading is obtained it 
will be necessary to test the coils sep- 
arately until the defective coil is 
located. ; 

When testing shunt and series field 
coils in this way an excessive voltage 
may be induced, as mentioned before, 
if the proper precautions ‘are not taken. 
A very low voltage may be applied to 
coil A, or perhaps a better way is to 
use a small bridge, one that is too small 
to carry all of the magnetic flux across 
the gap of the growler. It is advisable 
to make up several of these laminated 
iron bridges, ranging in size from 4 in. 
to 1 in. square in cross-section. 

When testing used shunt field coils 
the induced voltage should not exceed 
150 to 200 volts per coil In making 
these tests it is necessary to note the 
ammeter reading with and without the 
field coil in place, using the same 


220 Volts 


iy 


j 


ll 


W 


al 


YS 


l 


B 


INDUSTRIAL ENGINEER 


bridge each time. If the coil is in good 
condition the ammeter readings should 
be the same. Series field coils may be 
tested in the same manner as shunt coils, 
except that the largest bridge should 
be used. If alternating current of high 
frequency is available it may be used 
to good advantage, at a higher voltage, 
as it will then be possible to increase 
the voltage per turn in the coil under 
test. This is helpful if an effort is 
made to locate short-circuits between 
the turns of the heavy conductor. This 
is also true when testing large, strap- 
wound armatures. If 220 volts are 
applied to coil A at a frequency of 60 
cycles, and this coil has 40 turns, ap- 
proximately 5.5 volts per turn will be 
induced in the coil under test. If 440 
volts are available at 120 cycles, or 220 
volts at the same frequency and coil A 
connected to have 20 turns instead of 
40, about 11 volts per turn will be in- 
duced in the coil under test. 

In using a growler as a testing 


A, dimensions and details of core 
and winding of growler; B, method 
of locating defects in armature; 
C, connections for using growler as 
auto-transformer 17 drive small 
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transformer for giving ground tests 


and so on, it is necessary only to wind 
up a well-insulated coil with enough 
turns to produce the desired voltage. 
Taps may be brought out from the 
winding of this coil to give a wide 
range of voltages. When this coil is 
placed over one pole of the growler and 
a large bridge put across the gap, a 
step-up transformer results, with coil A 
acting as the primary and the other 
coil as the secondary. 

In order to wind a secondary coil for 
any desired voltage, it is only necessary 
to remember the number of turns in the 
primary, coil A. For example, if it is 
desired to use 2,200 volts for testing 
and coil A has 40 turns, the secondary 
coil should have 400 turns, with 220 
volts on the primary. A secondary 
coil for 2,200 volts should be wound in 
sections which should be well insulated 
from each other and then connected in 
series. 

A growler can readily be used as an 
auto-transformer to obtain 110 volts 
from a 220-volt circuit, or 220 volts 
from a 440-volt circuit, and vice versa, 
if coil A is wound in two sections. 
When used as an auto-transformer it 
is, of course, good only for light loads. 
The connections are shown in C of the 
illustration. We have taken our growler 


out on jobs where only 220 volts were 


available and operated 110-volt drills 
from it for hours at a time. 

A very few turns of rubber-covered 
cable may be placed around one pole of 
the growler, with the bridge in place, 
and a heavy current obtained at low 
voltage, if it is desired to heat a coil, 
a piece of wire or a section of winding. 
The ends of the rubber-covered cable 
are connected to the coil to be heated. 
If the voltage is not high enough for 
the circuit to which the secondary is 
connected, a few more turns of cable 
may be looped through the growler. 

Even spot welding has been done, on 
a small scale, by looping a short piece 
of 250,000-circ. mil cable once or twice 
through the growler and connecting the 
ends to suitable electrodes. 

Another instance where a growler 
was very useful occurred when we were 
rewinding a large motor which was 
changed from 440 volts to 2,200 volts. 
The slot space was limited; so it was 
difficult to provide for the additional 
insulation necessary for the higher 
voltage. After the coils were insulated 
and put in place trouble was experi- 
enced with a few of them, as they 
would not go down and allow room for 
the top wedge. The coils had been 
dipped in varnish and baked before 
taping. During the baking they had 
swelled more than was expected and it 
was not thought advisable to hammer 
them down. The growler was then 
made use of by placing about seven 
turns of No. 6 B & S gage wire around 
one pole; the ends of this wire were 
connected to one of the stator coils. 
When the current was turned on, the 
coil soon warmed up enough to soften 
the varnish so that the coil could easily 
be compressed into place and the wedge 
inserted. The other coils were treated 
in the same manner. When finished, 
the whole winding stood a ground test 
of 5,000 volts without trouble and was 
also tested with a smaller growler for 
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short-circuits. This small growler was 
constructed in the same manner as the 
one described here, but was made to 
fit the inside of stator cores. 

Still another instance where our 
growler did good work was on a loco- 
motive armature which was brought in 
for commutator repairs. When solder- 
ing the commutator some solder acci- 
dentally ran down behind the bars and 
short-circuited two of them, too far 
down to be reached by any kind of 
tool, or without raising a large num- 
ber of leads. We disconnected one 
upper lead from one of the shorted 
segments and raised an upper lead on 
the other side of the armature, in order 
to isolate the segment completely. Two 
turns of heavy, rubber-covered wire 
were looped through the growler and 
the ends connected to the shorted seg- 
ments. 

The armature was then turned over 
so that the solder could run out when 
it was melted. After the current had 
been on for about 15 sec. a small report 
was heard and the solder ran out. 
After this the commutator tested per- 
fectly clear, and the leads were soldered 
down. This required only a few min- 
utes on what otherwise would have 
been a long and careful job. 


Shop Superintendent, W. E. PAULSEN. 
Electrical Engineering & Const. Co. 
Des Moines, Ia. 
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How to Repair Riveted-Type 
Commutators 


RIVETED-TYPE commutator, 

shown at A in the illustration, 

may be repaired without much difficulty, 

although it must be said that the labor 

cost usually does not warrant repair- 
ing them. 

After the commutator is removed 
from the armature, it should be fitted 
into an adjustable clamp ring. A radi- 
ator hose clamp will serve this pur- 
pose, or one can be made as shown at 
C in the illustration. Put a piece of 
paper or fiber between the commutator 
and the clamp ring. This will permit 
of testing between bars while the com- 
mutator is in the ring. 

The ring and commutator should then 
be held in a lathe chuck and the rivet 
cut off. This should be done, as indi- 
cated in B, so as to leave enough metal 
to form a new rivet. 

The core can now be removed, leav- 
ing the commutator in the clamp ring. 
The insulating rings should be removed 
and the inside of the commutator 
cleaned with sandpaper. 

Test between bars for defective mica. 
If necessary to repair the mica seg- 
ments the clamp ring may be loosened 
and the defective mica removed, still 
keeping the copper bars in their orig- 
inal position in the clamp. Be careful 
to replace the mica segments with 
others of the same shape and thickness; 
then tighten the clamp ring as much 
as possible. Test for short-circuits be- 
tween bars. When free from shorts 
paint the inside bevels of the commu- 
tator with a thin coating of good 
quality shellac. 

You are now ready to put in the 
mica insulating rings. The new rings 
must be the same thickness as the old 
ones. They should be made from mold- 
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ing mica-plate, which is a material 
made for this purpose. 

It will be necessary to make templets 
for cutting the mica-plate to the proper 
shape. This is done by wrapping 2 
piece of paper around the part of the, 
core to be insulated, and marking the 
paper where it touches the end of the 
core. The paper is then unwrapped 
and cut to shape, which will be an arc 
of a circle. Try the templet to be 
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A, sectional view of typical riveted 
commutator; B, commutator with 
rivet cut off to allow core to be re- 
moved; C, ring clamp for holding 
commutator bars in place. 


sure that it fits properly. With a saw 
cut the mica-plate the same shape as 
the templet, allowing for a lap where 
the ends meet. Heat the pieces of 
mica-plate to about 150 deg. F., or un- 
til they soften. While hot form them 
around the core and hold them in place 
until cold. The laps should be beveled 
so that the ring will be of a uniform 
thickness. Four rings will be required 
for each commutator, that is, two in 
each end. 

The metal core is next put in place, 
the commutator riveted and the clamp 
removed. The commutator should now 
be baked for two hours at 300 deg. F. 
It should then be put back into the 
clamp ring and riveted again while hot. 
When cold it should be tested for elec- 
trical defects and if found O. K. is 
ready for use. 

A tool for riveting the end of the 
core can be made from a piece of 
round steel, slightly larger in diameter 
than the part of the core to be riveted, 
by turning a 45-deg. bevel on one 
end. An old lathe center will answer, 
if available. 

A tighter commutator can be made if 
a press is provided for pressing the 
parts of the core together before rivet- 
ing, and for holding the core while it is 

ls C. B. KECK. 


Vice-Pres. and Treas., 
The Homer Commutator Co., 
Cleveland, Ohio. 
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Using a 
36-Bar Commutator in Place of 
One Having 24 Bars 


HE commutator on a motor driv- 

ing the blower of an oil-burning, 
heating furnace failed during a cold 
snap, and as there was very little di- 
rect-current apparatus in the commun- 
ity, the equipment company was caught 
without a spare armature. 

The job was received in the shop 
with day and night service orders. In- 
spection showed that the windings on 
the armature and fields were both 
roasted out and that the commutator 
was damaged beyond repair. A good- 
sized hole was burned in the rear 
through the moulded Bakelite V-ring to 
ground. The copper bars of the com- 
mutator were also burned and pitted. 

As the V-ring was of moulded con- 
struction, repairing was out of the 
question, and a search of the storeroom 
disclosed the fact that the nearest we 
could approach the commutator in size 
and fit was one having 86 bars. 

In checking the armature winding we 
found that the armature had 12 slots 
and 24 bars, each slot containing two 
coils, that is, the slot held two top half- 
coils and two bottom half-coils. Each 
coil was wound with 12 turns of one 
No. 17 single-cotton and enamel-cov- 
ered wire in band. A corded, split-loop 
winding having a coil pitch of 1-and-6 
was used. 

Now the question was, could the 36- 
bar commutator be used in place of the 
24-bar commutator? Or would it be 
necessary to wait a week or more for’ 
a 24-bar commutator to be shipped 
from the manufacturer? 

With 12 turns per coil and 24 single 
coils there was a total of 1224288 
turns on the armature. This is equiv- 
alent to 2X12=24 turns per half a 
slot or 48 No. 17 wires in each slot. In 
using a 36-bar commutator we would 
have to have three coils per slot; that 
is, three top half-coils and three bot- 
tom half-coils, or 86 single coils. Then, 
since 288 divided by 36 equals 8, there 
will be 8 turns in each single coil. Also, 
since the number of coils per slot times 
the number of wires per coil equals 
6X8, or 48, there will be 48 wires per 
slot, which is the same as was the case 
with the 24-coil winding. 

The armature was accordingly re- 
wound with eight turns of three No. 17 
single-cotton and enamel-covered wires 
in hand, using a chorded split-loop 
winding having a pitch of 1-and-6. 

The & turn winding saved time, as 
the original winding required 12 coils, 
each of which was wound with 12 turns 
of two wires in hand. In this case the 
winder had to make 12 12144 turns 
In the new or 8-turn winding, although 
there were 12 coils, they were wound 
with three turns in hand, thereby giv- 
ing fewer turns for the winder to 
make. With the new winding there 
were 12X8=96 turns which is 48 turns 
less than the 144 turns required by the 
old winding. This is equal to six 8- 
turn coils or four 12-turn coils less. 

The 36-bar commutator also im- 
proved commutation as the volta 
between bars was lower. . 
Wilkinsburg, Pa. A. C. RoR. 
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Topics Discussed by 
Steel Mill Men 


(Continued from page 472) 


said that cross connectors are located 
at a point where they can be well 
insulated and easily gotten at. He 
also said that eddy current losses 
can be reduced in any type of wind- 
ing by using split conductors and 
hence this feature could not be said 
to be an inherent advantage of the 
frog-leg winding. Split conductors 
are, in his opinion, unnecessary for 
the low speed machines used in the 
steel industry because the frequency 
of current alternation in these ma- 
chines is not high enough to set 
up eddy currents of any great 
amount. He felt that it was desir- 
able to design a machine with the 
smallest number of coils and bars 
that will commutate successfully. 
The frog-leg winding, he said, uses 
more coils than the regular type of 
winding. 

He also thought it undesirable to 
change the. apeed regulation of a ma- 
chine by shifting the brushes, for 
shifting them would slightly disturb 
the angle of the brush with the com- 
mutator, which would result in poor 
seating of the brushes. In reply to 
this point, Mr. Powell said that it 
was not the intention to secure con- 
tinual adjustment of speed by this 
method — that the changes in speed 
should be made once for all upon 
the installation of the machine. 

Mr. Page of the General Electric 
Co. said that consideration should be 
given to the fact that the frog-leg 
coil would require more bending and 
flexing of the ends in laying in the 
coils, thereby creating a tendency 
towards weakening the insulation. 

George H. Schaeffer, Electrical 
Engineer, Carpenter Steel Co., said 
that he felt that the frog-leg wind- 
ing was as big a step in advance as 
was obtained by the use of inter- 
poles on direct-current machines. 

In concluding the discussion, Mr. 
‘Powell emphasized the fact that im- 
proved commutation is obtained 
through the use of the frog-leg 
winding. 

Selection and Maintenance of Oil 


Circuit Breakers—This was the sub- 


ject of the two papers (abstracted on 
page 465) presented on the second 
day of the convention. In discussing 
these papers, Mr. Cummins pointed 


circuit breakers is rapidly mounting 


and that careful consideration 
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should be given to methods of re- 
ducing this initial cost. The ques- 
tion was raised as to the possibility 
of cutting this cost by reducing the 
current progressively through inser- 
tion of reactance in the line before 
opening the circuit. G. A. Burnham, 
general manager of the Condit Elec- 
trical Manufacturing Co., said that 
this has been tried abroad but, due 


to the extra expense of auxiliary 


equipment required, did not result in 
a reduction in first cost. His sug- 
gestion for reducing first cost is by 
the use of a master circuit breaker 
having sufficient interrupting capa- 
city for the system and using low 
interrupting-capacity circuit break- 
ers on the feeders. The latter are 
to be interlocked with the former so 
as to trip out only in case of sus- 
tained overload. On short circuits, 
the interlocked relays open the large 
breaker and keep the small ones 
closed. In his opinion, 75 per cent 
of the circuit interruptions will be 
found to be due to overloads which 
the small breakers will take care of. 
He pointed out, however, that a 
short circuit on one feeder with this 
arrangement will result in cutting 
off power from all feeders and this 
may be objectionable in some cases. 

Mr. Burnham also said that great 
progress can be made in reducing 
the initial cost of circuit breakers by 
splitting up the arc by using more 
breaks in series, thereby securing 
more cooling for the same volume of 
oil. He thought this plan better 
than using some other medium than 
oil for quenching the arc as was sug- 
gested by some operators. 

R. H. Keil, Power Engineer, Jones 
and Laughlin Steel Corp., said that 
in many cases the short time carry- 
ing capacity is the limiting feature 
in many circuit breaker applications 
and careful consideration should be 
given this factor before making an 
installation. 

Electric Heating Applications— 
The discussion of the papers on this 
subject (abstracted on page 469) 
centered around the necessity of 
making an analysis of all of the fac- 
tors involved when deciding whether 
to use electric heat or some other 
form of fuel such as gas, oil, and 
the like. Mr. Schaeffer said that 
comparisons based on the cost of 
heating only, are against the use of 
electricity; that comparisons must 
be based on the cost of the finished 


negie Steel Co. pointed out that 
where a quality product is desired, 


out that the investment required in bree s W. P. Chandler of the Car- 
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electric heating should have prefer- 
ence. This is true in the case of 
heat treating of steel where a reduc- 
tion in chipping cost can be attrib- 
uted to the use of electricity for 
heating. . Also the more accurate 
control that can be obtained with 
electric power reduces the human 
element which lowers the number of 
rejections. Aside from this, it was 
pointed out that there are some in- 
tangible considerations which are 
hard to capitalize and yet do cause 
electric heating to justify itself in 
many applications. These considera- 
tions are improved working condi- 
tions, such as the elimination of gas 
fumes, noise and the like. One oper- 
ator stated his experience in this 
connection shows a decrease in labor 
turnover and an increase in produc- 
tion which can be attributed only 
to this factor. l 

In discussing Mr. Butler’s paper 
on the electric soaking pit installa- 
tion of the Donner Steel Co., T. F. 
Baily, president of the Electric Fur- 
nace Co., wished to emphasize the 
fact that the field of the electric 
soaking pit is in the heating of in- 
gots that are charged hot. When cold 
ingots are charged, the gas fired pits 
are much more economical. Through 
the reduction of scale losses, the 
electric soaking pit can possibly be 
justified for heating cold alloy steel 
ingots. Mr. Baily said that when 
ingots are charged at an average 
temperature of 1,650 deg. F. and 
heated to an average of 2,250 deg. 
F., a fair figure for power consump- 
tion is 80 kw-hr. per gross ton of 
ingots charged. He also stated that 
a thermal efficiency of 50 per cent is 
actually being obtained with the ex- 
perimental installation at Donner 
Steel. 

Heating of ingot tops by an elec- 
tric arc was described by F. C. Wat- 
son, Electrical Superintendent, In- 
ternational Nickel Co. He said that 
at his plant monel metal and nickel 
ingots were cast with the large end 
up. This meant that there was a 
large head to cut off and handle. By 
keeping the head of the ingot hot 
with the arc gives an ingot with a 
solid top, which does not have to be 
sawed off. He stated that after the 
ingot is poured a special top is put 
over the mold so as to keep the arc 
from spilling over on the sides of the 
mold. A 8-in. carbon electrode is 
inserted through a hole in this spe- 
cial top and run for 2 min. with a 
current of 2,000 to 3,000 amp., fol- 
lowed by a 8 min. run of 800 to 1,000 
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amp. A standard type of furnace 
transformer is used for supplying 
the current at a potential of 90 to 
100 volts. 

At a business session it was an- 
nounced that the 1926 convention 


would be held in Chicago and would’ 


take place during the first part of 
June instead of in September, as has 
been customary in the past. 

The officers elected for the com- 
ing year are: president, George H. 
Schaeffer, Electrical Engineer, Car- 
penter Steel Co.; Ist vice-president, 
S. S. Wales, Electrical Engineer, 
Carnegie Steel Co.; 2nd vice-presi- 
dent, A. J. Standing, Superintendent, 
Electrical Department, Saucon Plant, 
Bethlehem Steel Co.; James Far- 
rington and F. W. Cramer were re- 
elected treasurer and secretary, re- 
spectively. 


Determining Qual- 
ity of Belts 


(Continued from page 484) 


probably would show in some one or 
more of the physical tests named. 

Another requisite of a good belt 
is that it should be of the proper 
thickness. The former method of 
designating a similar requisite qual- 
ity was by specifying the weight in 
ounces per square foot. For ex- 
ample, the former designation for 
medium single belts was 14 to 16 oz. 
per sq. ft. The present designation, 
as given by Paragraph 19 of the 
Specifications, shows that medium 
single belts in the narrower sizes, 
that is, from 1½ in. to 2 in. wide, 
should measure 10/64 in. thick, and 
in the wider sizes, from 4 to 6 in. 
wide, should measure 12/64 in. thick. 
Required thickness for light, me- 
dium, and heavy single-ply and 
double-ply belts is given in Para- 
graph 19 of the Specifications. Due 
to the difference in density of leather 
belts and the difference of grease 
content the system of designating 
the grade by the number of ounces 
per square foot has been unsatisfac- 
tory and the European practice of 
an actual measurement of thickness 
substituted. 

Because of the fact that a strip 
of leather is of slightly different 
thickness at several points in its 
length, and to eliminate the neces- 
sity of taking a number of measure- 
ments at numerous points in its 
length, an average is secured by 
measuring the aggregate thickness 
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of 15 or 20 plies of belt when it is in 
a roll and dividing this number by 
the number of plies measured. This 
average, although not absolutely 
uniform, will be sufficient for all 
practical purposes. Care should be 
taken also that the belts are accurate 
in width (Paragraphs 17 and 18) 
and a variation in width of more 
than 1 per cent on belts up to 24 in. 
wide is not permissible. 
Substantiality is one of the quali- 
ties most desired in belts but a belt 
may be made of very excellent leather 
and still be inefficient as a trans- 
mitter of power, because the latter 
quality depends almost entirely on 
the treatment which has been given 
the grain or hair side of the leather. 
Many buyers think that if the belt 
feels firm and solid it must be 
leather of a high quality, and if it is 
finished highly with a brilliant gloss, 
it appeals to the eye as well finished 
material; but this is a mistake. The 
firmest and most solid leather is ob- 
tained by heavy rolling and jacking, 
and the highest polish by jacking, 
and both are destructive of the 
fibrous grain surface. The contact 
of the belt with the pulley is ob- 
tained by this elastic cushion of the 
natural grain, and when this is de- 
stroyed by mechanical action, the 
capacity for making a close pulley 
contact is much reduced; under test 
the rolled and jacked leather trans- 
mits little more than half as much 
power as that with a natural finish. 
Also it takes longer to wear in a 
belt with a high finish. The best 
belt makers, who have studied belts 
technically, take care to preserve the 
characteristics of the natural grain, 
so that their belts shall be not only 
durable, but shall be able to carry a 
full load on installation and a large 
overload after running a few hours. 
It cannot be too strongly im- 
pressed upon the average industrial 
man, who, at best, has only a com- 
paratively limited experience in the 
handling and judging of leather, 
that it is a grave mistake to attempt 
to judge leather solely by the appear- 
ance and feel. Manufacturers, who 
desire to, may treat and work up a 
low grade of leather until in appear- 
ance it may be more attractive than 
a high-grade belt which is not 80 
highly finished; the durability and 
serviceability of the two belts, how- 
ever, show up in operation. More- 
over, the low-grade belt, no matter 
how highly worked and finished, will 
most likely be discovered by the sim- 
ple tests for piping and cracking. 
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Features of a Good 
Lighting System 


(Continued from page 478) 


the reflectors, lamps and wiring, 
while little thought is given to how 
much the walls and ceilings contrib- 
ute to the efficiency of the lighting 
system. Walls and ceilings painted 
a dark color, or darkened by dirt, 
reflect only a small portion of the 
light which strikes them. If the 
walls and ceilings are refinished with 
a matte white paint better utiliza- 
tion of light will result. Light-col- 
ored walls and ceilings increase the 
daylight, as well as artificial light, 
illumination. | 

Most industrial buildings are so 
constructed that columns or beams 
divide the rooms into bays. It is 
convenient to lay out the lighting 
system with respect to these bays, 
since they are usually of uniform size 
and once the location of the lighting 
units is determined in one bay or 
row of bays, the layout can be ex- 
tended throughout the remainder of 
the room. | 

In some instances it may be nec- 
essary to design the lighting system 
in detail on account of irregularities 
in the building or for some similar 
reason. In general, however, good 
lighting can be obtained by mount- 
ing the units 10 ft. from the floor, 
spacing them 10 ft. apart, and equip- 
ping them with 200-watt Mazda 
lamps. 

Local lighting for individual ma- 
chines should be used only to sup- 
plement the general illumination in 
the room. There are many plants 
which are equipped only with a local 
lighting system. In such cases the 
illumination throughout the room is 
not uniform and the workers must 
accommodate their eyes to varying 
intensities of light, which results in 
undue strain upon the eyes, poor 
vision and lost time. A system of 
general lighting, such as shown in 
Fig. 1, will provide a cheerful, stim- 
ulating atmosphere in the work- 
room, with plenty of light to insure 
ease and speed of vision. If more 
light is needed at a particular ma- 
chine than that which is supplied 
by the general lighting, a local light- 
ing unit can be installed. However, 
in most plants where modern light- 
ing systems have been installed, it 
has usually been found that local 
lighting is unnecessary. 

There are some industrial plants 
where the location of lighting units 
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is governed to some extent by the 
location of machines rather than by 
the structural features of the build- 
ing. Paper mills, printing plants, 
textile mills and other industries in 
which large machines are employed, 
may require that the units be located 
with respect to the machines. This 
method of lighting is called “group” 
or “localized-general”’ lighting. 


POWER AND LIGHTING CIRCUITS 
SHOULD BE SEPARATE 


The lighting system should not be 
supplied from motor and other 
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power circuits. Variations in volt- 
age or trouble in the power circuits 
will then not affect the lighting sys- 
tem. Exit lights should also be on 
separate circuits from the rest of 


the lighting system. A little thought 


on planning the arrangement of cir- 
cuits so as to permit convenient and 
economical switching of lamps will 
be found profitable. For instance, 
if the rows of lamps parallel to win- 
dows are placed so that they can be 
turned on or off as daylight fails or 
becomes sufficient will aid in the 
economical use of light. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this 
writing to the manufacturer whose name and 


ge can be obtained by 
ess are mentioned. It 


desired, as given in these columns. 


is always advisable to state the name and number of bulletin or catalog 


Pocket-Size Tester—A circular de- 
scribes the AVO, which is a portable, 
pocket-size ammeter, voltmeter, and 
ohmmeter combined, for direct cur- 
rent testing. The same scale, may 
by the use of shunts and with sim- 
ple adjustments of the instrument, be 
made to read in different values. For 
example, when used as an ammeter, 
either a l-amp. or a 10-amp. scale 
range may be employed. This device 
may be used to measure voltages up 
to 250 volts, and also for battery 
testing on a 5-volt scale.— The Elec- 
trical Engineering Service, 15 Park 
Row, New York City. 

Fire Alarm Siren—Bulletin 608 de- 
scribes the Sterling Super Quad siren 
which has a double head and is driven 
by a 12-hp. motor. This siren may 

operated by automatic or remote 
control. Other bulletins describe sin- 
gle- and double-head sirens of small- 
er size for signal and fire alarm serv- 
ice.— The Sterling Siren Fire Alarm 
Co., Inc., Rochester, N. Y. 


Ball- Bearing Loose Pulleys—A booklet 
entitled “Shut Downs Are Costly” 
shows the Chicago line of ball-bear- 
ing loose pulleys, loose countershafts, 
friction clutches, the Daggett ball- 
bearing hanger box, and the Marvel 
ball-bearing emery grinder.—Chicago 
Pulley & Shafting Co., 23 N. Des- 
plaines St., Chicago, III. 


Repair Forge—A new forge designated 
as No. 236 with a one-piece steel 
hearth, 6 in. deep by 24 in. square is 
specially designed for use in general 
repair work.—Buffalo Forge Co., 
Buffalo, N. Y. 


Wire Rope and Fittings—A bulletin en- 
titled, TWO Basic Improvements in 
Wire Rope,” describes the Tru-Lay 
rope, which is made by a special 
method of pre-forming each wire and 
strand before it is formed into rope. 
Eight advantages are given. This 
bulletin also shows the Tru-Loc steel 
fittings which consist of steel sleeves 
which fit over the smooth un-sleeved 
end of Tru-Lay rope. When placed 


in a press and subjected to pressure 
and hammering the fitting is made to 
“flow” down upon the rope until it 
grips the wires and strands. These 
fittings consist of turnbuckles, yokes, 
eyes and other fittings.—American 
Cable Company, Inc., 105 Hutchinson 
St., New York City. 


Blueprinting Machinery and Accessories 
—Catalog M-23 describes and illus- 
trates the various types and sizes of 
Pease Peerless blueprinting, washing, 
and crag equipment, together with 
lights and other accessories. Blue- 
pent paper coating machines are also 
isted.—The C. F. Pease Co., 864 N. 
Franklin St., Chicago, III. 

Anti-Friction Bearing Induction Motor 
—Circulars announce a new line of 
squirrel-cage and slip-ring induction 
motors equipped with Timken tapered 
roller bearings. These may be ob- 
tained in all ratings up to 200 hp. 
for 25 and 60 cycles.—Allis-Chalmers 
Mfg. Co., Milwaukee, Wis. 


Flexible Couplings—Catalog 26, con- 
taining 80 pages, illustrates the con- 
struction and operation of Thomas 
double- and single-engagement fiex- 
ible couplings and gives dimensions 
and ratings. Numerous illustrations 
show applications of these couplings 
for mill drives, heavy pulsating serv- 
ice, mine hoists, pumps, motor and 
turbine drives, for three- and four- 
bearing, direct-connected drives, and 
other applications.—Thomas Flexible 
Coupling Co., Warren, Pa. 

Threadless Conduit Fittings—A wall 
chart illustrates and gives dimensions 
and prices of the line of Kondu-Box 
threadless conduit fittings. A cross- 
section of a fitting together with ar- 
rows oman out the advantages 
claimed for it, is also shown. Con- 
duit without threads is connected to 
the box by a special tapered and 
slotted, case-hardened bushing with 
hardened rings on the inside which 
cut into the conduit as the bushing is 
tightened, thereby insuring solid 
ground connections. It is not neces- 
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sary to cut threads on the conduits. 
These conduit fittings are non-break- 
able, as they are made of malleable 
iron.—Erie Malleable Iron Co., Kon- 
du Division, Erie, Pa. 

Paint Spray Brush—A circular de- 
scribes the use of the Simons paint 
spray brush for pomi spraying prod- 
ucts as well as for painting ne 
walls, columns, radiators and other 
building surfaces—Simons Paint 
Spray Brush Co., Dayton, Ohio. 

Electric Heating Units—Booklet C-100 
describes the various Chromalox elec- 
tric heating units, which are con- 
structed in convenient forms for com- 
mercial and domestic heating, and 
gives ratings, dimensions and prices, 
as well as considerable electric heat 
engineering data.—Edwin L. Wiegand 
Co., 422 First Ave., Pittsburgh, Pa. 

Speed Reducers—Catalog 26 describes 
and illustrates the construction as 
well as a variety of uses of Foote 
Bros. IXL speed reducers which are 
made in spur and worm gear types. 
Considerable space is also devoted to 


the various types of couplings for 
connecting to the speed reducers. 
Dis- assembled reducers are illus- 


trated and the various parts num- 
bered and named so as to facilitate 
ordering of replacement parts. A 
large number of installations are also 
pictured and considerable engineering 
data given.—Foote Bros. Gear & Ma- 
chine Co., 236-246 N. Curtis St., Chi- 
cago, III 

Distribution Transformers — Bulletin 
2045, entitled Pittsburgh Single- 
Phase and Polyphase Distribution 
Transformers” devotes 40 pages to 
a complete description and photo- 
graphs of this equipment, together 
with R showing test connec- 
tions and a schedule of approximate 
dimensions of all sizes and voltages 
of distribution transformers rating 
from 1% kva. to 200 kva., 440 volts 
to 4,400 volts, single-phase and poly- 
phase.—Pittsburgh Transformer Co., 
Pittsburgh, Pa. 

Electrical Industrial Trucks and Trac- 
tors—A 40-page catalog describes the 
several different types of electric 
storage battery industrial trucks and 
tractors, gives specifications, illus- 
trates and describes the various con- 
struction features and shows a num- 
ber of industrial ges pee as noS 
Crescent Truck Co., Lebanon, Pa. 


Heavy Soldering Iron—Literature an- 
nounces two new types of soldering 
irons which are designed for use on 
heavy work. These are made in two 
styles: with a spear shape and a 
hatchet type of tip. The complete 
iron weighs 5% Ib. and the tip is 
3 in. long by 1% in. wide on its 
working surface; it consumes 500 
watts at 110 volts—Harold E. Trent, 
259-261 N. Lawrence St., Philadel- 
phia, Pa. 

Ball Bearings—Catalog 26, entitled “In- 
dustrial and Textile Applications,” 
deals with the application of Fafnir 
ball-bearing transmission equipment 
to shafting, blowers and textile ma- 
chinery of all types. Illustrations of 
actual installations and complete and 
up-to-date data on the principles of 
ball-bearing equipment make this a 
handbook as well as a catalog. Some 
of the units listed are double and 
single bearing boxes of several types, 
countershaft boxes, loose pulleys and 
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blower boxes. Miscellaneous other 
applications of this line, which cov- 
ers a complete range of ball-bearing 
transmission equipment are also il- 
lustrated.— The Fafnir Bearing Co., 
New Britain, Conn. 


Transformers — Bulletin 230 gives a 


brief history of the transformer, dis- 
cusses some of the fundamental prin- 
ciples involved in its design and op- 
eration and gives rules for its opera- 
tion—Moloney Electric Co., St. 
Louis, Mo. 


Leather Belts—A series of booklets dis- 


cuss applications of Pre-Tested 
Leather Belts” in six different indus- 
tries. These booklets go into detail 
as to the special types of belt used 
in each of the following industries: 

achine shops, cement plants, saw 
mills, steel mills, paper and pulp 
mills, and the mining industry, in- 
cluding quarries and brick plants. 
When requesting copies, please men- 
tion the industry in which you are 
interested.—Chicago Belting Co., 113 
N. Green St., Chicago, III. 


Speed Reducers—A 12-page catalog de- 


— 


Pneumatie Conve 


scribes and illustrates the operation 
of the Lipe planetary speed reducer, 
which is totally enclosed and ee 
with ball bearings at both the high- 
and low-speed ends. The .Lipe flex- 
ible coupling is built into the low- 
speed end of this speed reducer. 
This reducer can be furnished in any 
ratio from 4 to 1, to 25 to 1 in single 
reduction and up to 200 to 1 in double 
or triple reduction, and in any horse- 
pe up to and including 500 hp.— 

. C. Lipe, Inc., 208 S. Geddes St., 
Syracuse, N. Y. 


g- A number of 
bulletins describe various installa- 
tions of Dracco pneumatic conveying 
systems which are used for convey- 
ing bulk, pulverized and semi-pul- 
verized materials of various kinds, 
such as rock phosphates, rice and rice 
meal, fertilizer, lithophone, arsenic 
in smelting plants, white clay, and 
so on. These systems can be used 
for unloading, storage and rehan- 
dling.—The Dust Recovering & Con- 
veying Co., Cleveland, O. 


Soldering Transformer—Circulars dis- 


cuss the King soldering transformer, 
Style S, which consists of a small 
transformer for attaching to 110- or 
220-volt, 60-cycle current supply. 
This transformer supplies three de- 
grees of heat—low, medium and high. 
One electrode is a carbon rod while 
the solder or other material forms 
the other electrode.— The Electric 
Heat Control Co., 6536 Carnegie Ave., 
Cleveland, Ohio. 


Motor Maintenance Equipment —Cata- 


log 6 covers a line of commutator 
slotting and grinding equipment as 
well as other motor maintenance 
specialties, such as commutator ce- 
ment, insulating varnish and “Blow- 
er Clean” which is a portable cleaner 
used as either a blower or vacuum 
cleaner.—The Martindale Electric Co., 
11709 Detroit Ave., Cleveland, Ohio. 


Electric Grinders, Buffers and Polish- 


ers—Catalog 315 covers the line of 
C. A. W. grinding and buffing equip- 
ment and shows the construction with 
several sectional views. This equip- 
ment is made for medium and heavy- 
duty service in both bench and pedes- 
tal type. Timken tapered roller bear- 
ings are used on all motors over 
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4 hp. rating.—Cleveland Armature 
Works, Inc., 4732 St. Clair Ave., 
Cleveland, Ohio. 


Condulets for Stock Bin Installations— 
Folder 22 and Bulletin 2070 describe 
this special condulet and show some 
of the usual arrangements around 
stock bins and the use of attach- 
ments which take up a minimum 
amount of space and offer but little 
obstruction in the aisle-——Crouse- 
Hinds Co., Syracuse, N. Y. 


Ball Bearings for Motors—A booklet 
entitled, “You Can Lower the Main- 
tenance Expense of Your Electric 
Motor,” gives figures showing the 
comparative maintenance cost of 
ball-bearing and non-ball-bearing 
motors based on an actual installa- 
tion.—The New Departure Mfg. Co., 
Bristol, Conn. 


Oil Circuit Breakers—Bulletin 67445 B 
Class 2, shows the Types FK-35 and 
FK-35-Y oil circuit breakers of 600 
and 7,500 volts capacity for use on 
alternating-current circuits where 
breakers of moderate interrupting 
capacity are required. Circular 
67456 A-2 covers the type SKO-37 
oil circuit breaker of 15,000-volt 
capacity.—General Electric Co., Sche- 
nectady, N. Y. 


Unit Air Filter—Bulletin F-870 de- 
scribes briefly the Type U2 new 
model Midwest unit air filter for pro- 
viding clean air, and shows its oper- 
ation. Bulletin F-342 shows briefly 
other types of Midwest air filters 
used especially in connection with 
compressors and internal combustion 
engines.—Midwest Air Filters, Inc., 
100 East 45th St., New York City. 


Polyphase Transformers—Bulletin 2041 
is devoted to a discussion of com- 
parisons between the use of three- 
phase transformers and three single- 
phase transformers. — Pittsburgh 
Transformer Co., Pittsburgh, Pa. 


Portable Elevators—Bulletin 76 covers 
a new line of combination hand- 
motor portable elevators that are 
made to be operated by either hand 
or motor according to whether power 
is or is not available. These are 
made in regular capacities of 500, 
800, 1,000, 1,500, 1,800 Ib. and can 
be furnished up to 2,000 lb— 
Revolvator Company, 336-353 Gar- 
field Ave., Jersey City, N. J 


Lifting Magnets—Bulletin 107 de- 
scribes Ohio lifting magnets and dis- 
cusses and illustrates their use in the 
iron and steel industry as well as for 
the magnetic separation of tramp 
iron from ore, cement, coal and 
other materials over conveyors or 
chutes. Numerous illustrations show 
profitable applications for handling 
pipe in warehouses, rails and iron or 
steel scrap in bulk.—The Ohio Elec- 
tric & Controller Co., 5900 Maurice 
Ave., Cleveland, Ohio. | 


Hole Cutter—A circular entitled, “The 
Hole Story” describes the use of the 
Jiffy adjustable cutter which is used 
to cut holes from % to 6 in. in diam- 
eter in any gage of metal up to 
% in. in thickness. This cutter is 
made in either hand or drill-press 
types.—Paul W. Koch & Co., 23 So. 
Wells St., Chicago, III. 


Unit Heaters—Folders describe the 
“Breezo-Fin Heaters” which consist 
of a unit heater filled with copper 
tubes with fins for coils and enclosed 
in a galvanized iron housing. Air is 
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blown through these steam-heated 
coils by a Buffalo Breezo Fan. —Buf- 
falo Forge Co., Buffalo, N. Y. 


Industrial Tramrails— Bulletin TR-506 


entitled, Cut the Inside Freight Bill 
at Your Plant,” shows a large num- 
ber of illustrations of installations of 
Cleveland electric tramrails in a wide 
variety of industries, and demon- 
strates how they are used for reduc- 
ing the cost of labor and material 
handling.—Cleveland Electric Tram- 
rails, Division of The Cleveland Crane 
& Engineering Co., Wickliffe, Ohio. 


Non-Metallic Gearsa—A folder entitled 


“Cy-lent Gears and Motor Pinions” 
describes the use of this non-metallic 
gear in industry. This includes the 
advantages claimed, some of the ap- 
plications and also a price list of the 
various sizes, up to 12 in. outside 
diameter and 10% in. wide.— Timing 
Gears Corp., 2801-15 Fulton St., Chi- 
cago, III. : 


Lamp Maintenance Equipment—Cata- 


log 25, bearing the above title, de- 
scribes the Thompson safety lower- 
ing switch or disconnecting hanger 
which enables high lamps to be low- 
ered away from the electric circuit 
for cleaning and renewing. This 
catalog not only shows a variety of 
applications of this lowering switch 
but also gives details of construction 
and various methods of installing 
lamps of different types.— The 
Thompson Electric Company, 226 St. 
Clair Ave., N. E., Cleveland, Ohio. 


Oil Purifier — Leafiet 
L 20240 describes the “Sharples Su- 
per-Centrifuge Oil Purifier” and 
gives the applications, distinctive fea- 
tures, operation and construction of 
this equipment for the treatment of 
oil used in transformers, oil switches 
and for other insulating purposes. 
This purifier is made in either sta- 
tionary or portable outfits. The 
larger machines have a capacity of 
500 to 600 gal. per hr. and, it is 
stated, will purify oil until it will test 
22,000 volts or better.— Westinghouse 
Electric & Manufacturing Co., East 
Pittsburgh, Pa. 


Fixture Hangers—Bulletin 
2063, bearing the above title, shows 
a line of condulet fixture joints and 
fixture hangers which permit of a 
slight swing of the fixtures due to a 
draft or other causes which might 
break the conduit line if it were 
rigid, and also permit the fixtures to 
hang plumb even though the conduit 
may be inclined.—Crouse-Hinds Co., 


Syracuse, N. Y. 
Materials and 
Conduit Fittin atalog 30 devotes 
96 pages to the listing, description 
and prices of the various types of 
fuses, panel and switchboard fittings, 
special fuses, switch boxes and vari- 
ous outlet boxes, as well as other 
material manufactured by this com- 
any.—Chicago Fuse Mfg. Co., Laf- 
in and 15th Sts., Chicago, III. 


Equipment—Cir- 
cular 67716-A, Class 17, describes 
automatic switching equipment for 
indoor alternating-current reclosing 
feeder service from 440 to 7,500 
volts. This description includes the 
advantages, standard pment, op- 
erating range, optional equipment, 
motor mechanism, reclosing relay, 
and operation.—General Electric Co., 
Schenectady, N. Y 
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“That’s a Peach of a Fuse. I can 
renew it blindfolded. It's the easiest and 
quickest fuse to renew that I ever saw, 
and I’ve seen and used them all. BUSS 
sure knows how to make real protec- 
tion an easy matter. Costs no more 
either and it just can’t wear out. 
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BUSS Renewable Fuses— 


Send for YOUR sample. Itcosts younothing. 
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Ves, it’s a peach of a fuse.’ F. 
This is the way BUSS fuse users are express- 
ing themselves. If you are not now using N 
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DWL) y in Every Type 
3 Z Allis-Chalmers 


Excellence 


Thousands of electric motor users 
have been accustomed to Allis- 
Chalmers motors exclusively, for 
all purposes. Confidence in Allis- 
Chalmers rests upon a long series 
of impressive developments in 
motor design. Now comes the latest 
addition to the Allis-Chalmers line 
—an induction motor equipped with 
Timken Tapered Roller Bearings. 


Into Allis-Chalmers motors have 
been incorporated the typical ad- 
vantages of tapered roller bearings, 
so completely endorsed in dozens 
of other exacting applications. Fric- 
tion at a minimum, lubrication at 
rare intervals, permanent align- 
ment, protection from thrust and 
shock — these coveted betterments 
are now obtainable in Allis-Chalmers 
induction motors. 


Add such well known Allis-Chalmers 
refinements as electric steel frames, 
distortionless cores, silver-brazed 
rotor bars and uniform cooling. The 
result is a motor that expresses 
highest development in electric 
motor design. 


- We 


Lower cost of operation, negligible 
upkeep, and security against inter- 
rupted service are the logical out- 
come of latest Allis-Chalmers 
advancements. A request will bring 
complete information on Allis- 
Chalmers roller bearing motors, or 
on any type of Allis-Chalmers motor. 


ALLIS-CHALMERS MFG. CO. 
Milwaukee 


District Sales Offices 
in all Principal Cities 
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Here’s an Old 
Timer Installed | 
43 Years Ago 


with its old switchboard 


dressed up with some 


later-day instruments 


H&E is a generator that takes you 
back to the beginnings of gen- 
erator design in Thomas A. Edison’s 
machine shop at Menlo Park, N. J., in 
the late 70's. This particular machine 
and three others like it are still in op- 
eration in the plant of the Grinnell 
Manufacturing Corporation at New 
Bedford, Mass., where they were in- 
stalled in 1882, about 43 years ago. 
Certainly the designers built better 
than they knew, for these machines 
have worn themselves out twice over, 
according to the modern rule of apply- 
ing depreciation on an estimated useful 
life of 20 years. But still they carry 
the lighting load and appear to be able 
to do so for some time to come. 

From the standpoint of maintenance 
it is interesting to know that each ma- 
chine during the past 43 years has had 
one new commutator and with the ex- 
ception of repairing one or two bear- 
ings and renewing the brushes, no other 
repairs have been found necessary. 

As will be noted, they are driven by 
almost vertical belting from a line- 
shaft, an arrangement that would not 
be recommended today for so-called 
mechanical reasons, but this drive and 
these generators have not and do not 
perform according to opinions or mod- 
ern engineering ideas; they just keep 
on going as machines might be 
expected to operate, with no need for 
excuses or apologies of any nature on 
the part of the designer or the op- 
erator. It would be a happy day in 
many a plant if some modern equip- 
ment would perform in like manner. 
But in the old days when these gen- 
erators were built the idea was to pro- 
duce the best generator possible, con- 
trasted with the idea often found today 
of building the best design that can be 
made cheap and stand a show when 
the buyer sharpens his pencil and sets 
‘out to see just how little he needs to 

pay to get the thing, on which he has 
Asked all the Toms, Dicks and Harrys 
in the manufacturing business to 
bid, delivered in his plant. When he 


Chicago, November, 1925 


G. A. VAN BRUNT, 
Managing Editor 


gets it and it operates he is usually 
satisfied, but if it fails in any respect 
the abuse that the maker gets in letters 
and conversation is like a drama with a 
rough villain and no plot. But this 
angle of modern buying I do not in- 
tend to discuss now. 

In the old Edison machine works at 
Menlo Park the first generators built 
in 1880 were called “Z” dynamos. In 
re-designing these “Z” machines a few 
years later they were enlarged by add- 
ing an extra field magnet and lengthen- 
ing the armature and the base. These 
redesigned machines were called “L” 
dynamos. The “K” design came along 
about the same time, and is the design 
shown in the accompanying illustra- 
tion, still larger than the others, with 
three field magnets all of the same size 
as in the “Z” machine, but with a 
longer armature and base. These ma- 
chines embody Mr. Edison’s original 
conception of a dynamo with an arma- 
ture of very low resistance as compared 
with the total resistance of the machine. 

The old switchboard, also shown in 
the illustration above, was installed at 
the same time as the generators. On it 
can be seen an old-type field rheostat 
which was used for all three gen- 
erators. Much difficulty was experi- 
enced in getting the three machines to 
operate in parallel, and to do this the 
brushes had to be continually adjusted. 
But this is no fault peculiar to these 
machines; no doubt there are many 
who read this that can tell some inter- 
esting tales about getting some modern 
machines to divide their loads equally. 

Some of you men may wonder why I 
have dug up this old stuff to talk about, 
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and to you I will simply say this: If 
you will visit one of these old installa- 
tions and get a good understanding of 
the abuse these old machines have 
stood, you will have more respect for 
good design in machines, and when you 
are called upon to buy equipment in the 
future you will not compare equivalent 
machines on the basis of dollars per 
pound. Design ability and successful 
operation are not rated that way. To 
those of you who have had years of 
experience with some of the good de- 
signs that have been and still are made, 
I have nothing to say. You know the 
whole story and could probably write a 
good article some day around your ex- 
periences. By the way, this would be 
well worth your while and INDUSTRIAL 
ENGINEER would be interested in pub- 
lishing it if you make it good and full 
of details. In case you happen to have 
an old-timer in your plant, just drop 
me a line and I’ll help you to frame up 
an article that will be so good that the 
Editors will be glad to print it. 
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Fig. 1—Location of the electrical equipment 
in the basement beneath the operating floor 
characterizes the Frank Smith Mill installa- 
tion. This illustration shows two of the mo- 
tors and the control for the beater drives. 
Four of these motors, shown in Fig. 10, drive 
the beaters, Fig. 9, on the floor above. 


Some new ideas about 


Paper Mill Power Drive 
and Motor Control Layout 


that were applied in a new mill to the installation 
of power service equipment, including the types of 
motors, methods of control, and kinds of drives used 


By C. S. NEWCOMB 
Chief Electrician, Paul A. Sorg Paper Co., 
Middletown, Ohio. 

OME novel and interesting fea- 
S tures of design and layout have 

been embodied in the distribu- 
tion, application, and control of 
power service in the new Frank 
Smith mill of the Paul A. Sorg 
Paper Co., at Middletown, Ohio. Nat- 
urally, continuous service with few 
delays was uppermost in the minds 
of the men laying out the drive ap- 
plications. However, there were four 
other thoughts behind the installa- 
tion. They are: (1) Remote-con- 
trolled, automatic operation through- 
out, thereby permitting the use of 
cheaper, unskilled labor as well as 
giving greater protection to the 
equipment involved. (2) Location of 
clectrical equipment so as to give 


the greatest measure of protection 
from corrosive elements common to 
paper mills. (3) Convenience of 
making changes, re-arrangements, 
and expansions. (4) Ease of mainte- 
nance and repair. These factors lay 
behind the selection and installation 
not only of the electrical equipment, 
but also of the mechanical elements 
such as belts, gears, couplings, 
clutches and the like, which are also 


a very decided factor in the success 


or failure of a drive application. 
The Frank Smith mill was built 
with the idea of producing paper 
specialties; all grades of paper are 
intended to be produced, from tis- 
sue to high-grade bond paper. This 
mill does not produce paper pulp. 
The process starts with shredding of 
the raw material, which is then put 
through the bleaching process, 


through the beaters and Jordan en- 
gines and into the machine room, 
where it is converted into the fin- 
ished product. 

The front portion of the mill 
building is known as the bleach 
house, the middle portion as the 
beater room and the rear as the 
machine room. A basement extends 
under the entire building and the 
bleach house and beater room con- 
sist of more than one floor, although 
practically all of the paper making 
equipment is either on the ground 
floor or in the basement. 

To protect the electrical equip- 
ment from the water and corrosive 
elements common to paper mills, as 
many of the larger motors as pos- 
sible were located in the basement. 
Out of a total of 66 motors it was 
found possible to place 36 of them in 
the basement. The basement is clean 
and dry and gives plenty of room 
around the motors for inspection, 
maintenance and repair. Also, this 
arrangement gives more free space 
around the equipment on the floor 
above. 

Automatic or push-button con- 
trol is used throughout, which per- 
mitted the location of the control 
panels at any place desired. How- 
ever, the panels are grouped in three 
locations in the basement: one 
group consists of the controllers for 
the bleach house (shown in Figs. 5 
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and 6); the second group is for the 
beater motors (shown in Fig. 1), 
and the third group consists of the 
machine room controllers, a portion 
of which are shown in Fig. 11. 
Centralizing the controllers and 
placing the majority of the motors 
in the basement or on the floor above 
greatly simplified the distribution 
system. The average load taken by 
this mill is approximately 1,500 kw. 
A large share of this load is supplied 
from the local public utility, the 
balance being taken by the power 
house in one of the nearby mills of 
the company. Power is brought in 
at 13,200 volts and stepped down by 
transformers to 440 volts, at which 
voltage it is distributed throughout 
the mill. There is also a small 
amount of 230-volt, d.c., power used. 
Feeders go from a seven-panel 
switchboard located in a corner of 
the rear end of the main floor, 
through the floor to a conduit sys- 
tem that is carried on the ceiling 
of the basement. This system is 
carried along the ceiling so as to 
reach the three groups of control 
panels. Connecting conduit was 
easily dropped to each group of con- 
trol panels; likewise, conduit was 
readily carried down the wall or the 
building columns to motors in the 
basement. The motors on the floor 
above were easily reached by con- 
duit through the floor. This ar- 
rangement of conduit and control- 
lers used a minimum amount of con- 
duit, did away with the need of 
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distribution boxes, and kept the con- 
duit accessible so that alterations or 
repairs could be easily made. 

Centralizing the controllers in this 
manner would result in a large num- 
ber of conduits coming together over 
each group of controllers and due 
to crossovers and interconnections, 
the result would be an awkward in- 
stallation. To eliminate this, pull 
boxes were installed over each group 
of control panels and also at such 
other points where it would other- 
wise be necessary to group a large 
number of conduits. 

The pull boxes were made of sheet 
iron fastened to angle-iron frames, 
as shown in Fig. 11. The boxes are 
hung from the ceiling. Sections of 
one side of the boxes are hinged at 
the top as shown in Fig. 11, thereby 
permitting inspection. Crosswise 
racks are placed in the boxes so as 
to permit carrying the wires in three 
layers, two layers being supported 
by racks while the third layer lies 
on the bottom of the box. 

One disadvantage of this system 
of distribution lay in the fact that 
it would be hard to locate the wires 


Fig. 2—A lineshaft running in 
ball-bearing pillow boxes is used 
on the variable-speed paper ma- 
chine drive. 

The seven sections of the paper 
machine are driven by the variable- 
speed, shunt-wound, Crocker- 
Wheeler motor shown at the left. 
The lineshaft runs in ball-bearing 
Pillow boxes mounted on concrete 
pedestals. The control for this mofor 
is shown in Fig. 11. 
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for a given motor and control un- 
less some system of identification 
were used. This was overcome by 
the use of identification tags and 
colored wire. Tags were placed on 
the wires at the motor terminals, 
control panel terminals and also in 
the junction and pull boxes. Each 
motor was assigned a series of two 
or three letters; for instance SA 
represents No. 1 Bleacher motor in 
the bleach house. An additional let- 
ter is added to distinguish which 
circuit of this motor is involved, as 
P for primary or line, S for second- 
ary, and C for control. In addition 
the phases are numbered 1, 2 and 3. 
Hence, a wire with a tag number 
SAP 2 indicates that it is the wire 
for the second phase of the line or 
primary side of the motor. The con- 
trol wires that run from the push 
buttons to the panels are colored, the 
start wire being green, the stop wire 
red, and the common return wire 
black. Other colors are used for the 
meter wiring. In addition to this, a 
diagram was made showing the loca- 
tion of the conduit and the pull and 
junction boxes. This diagram also 
shows sections taken at the ends of 
the boxes where conduits enter and 
the wires in each conduit at the 
points where these sections are 
taken are marked with the same in- 
formation as is put on the tags. 

In the bleach house there are 23 
motors ranging in size from 1½ hp. 
to 100 hp. A list of these motors, 
together with the equipment driven, 
is shown in Table I. As can be seen 
from the list the drives required are 
for pumps, fans, agitators, filters 
and the like. All of the machines 
have individual drive because simul- 
taneous operation of all of them is 
not essential for continuous pro- 
duction. Direct drive through flexi- 
ble couplings is used for the higher 
speed applications while belt drive 
is used for those of slower speed. In 
case of very slow speed drives, a 
back-geared motor is belted to the 
machine, as shown in Figs. 4 and 7. 

As was stated earlier in the arti- 
cle, the control panels for the motors 
in the bleach house are grouped to- 
gether at one point. Front and 
rear views of this control board 
are shown in Figs. 5 and 6. 
Allen-Bradley automatic primary- 
resistance type controllers, across- 
the-line type starters, and second- 
ary-resistance type starters for 
wound-rotor motors are used. Over- 
load protection is obtained through 
circuit breakers or overload relays 
on each panel. The resistors are of 
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the compression type made by the 
Allen-Bradley Co. Since these re- 
sistors are in the form of long tubes 
they could be mounted directly be- 
hind the panels without preventing 
access to the wiring on the rear of 
the panels, as is shown in Fig. 6. 
This gave a very compact arrange- 
ment. The illustration also shows 
the terminal boards at the top and 
center of the panels. 

The eight beaters in the beater 
room are driven by five motors lo- 
cated in the basement. Ordinarily 
four beaters are required for normal 
operation; so four beaters are belted 
to one lineshaft which is also located 
on the floor of the basement beneath 
the beater floor. The remaining four 
beaters have individual drives and 
are used to take care of the peaks 
in production and also act as spare 
equipment in case any of those in 
the group drive have to be shut 
down. 

Because of the high starting 
torque required, wound-rotor motors 
are used for the individually-driven 
beaters. These are Crocker-Wheeler 
motors rated at 85 hp., 385 r.p.m., 
and are belted to the beaters. These 
motors are shown in Figs. 9 and 10. 

From Fig. 9 it will be seen that 
the beaters are arranged four in a 
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line. The group shown contains the 
ones that are individually driven. 
Immediately to the left is a second 
row of four beaters, which are driven 
from a lineshaft. This lineshaft is 


Fig. 3—Push-button control sta- 
tions are located at convenient 
points adjacent to the machines 
controlled. 


Here are shown the push buttons 
for starting and stopping the syn- 
chronous motors driving the Jordan 
engines; also, the stop button: for 
the constant-speed drive. The meters 
inside the cabinets are calibrated 
in horsepower and indicate the load 
on the motor which the push button 
controls. 
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placed on the floor of the basement 


directly below the driving pulleys of 
this group of beaters. The lineshaft 
is coupled directly to an Electric 
Machinery Co.’s synchronous motor 
rated at 265 hp., 450 r.p.m., as is 
shown in Fig. 12. The use of the 
synchronous motor for this appli- 
cation counterbalances the compara- 
tively poorer power factor of the 
wound-rotor motors driving the 
other beaters. Also it aids in im- 
proving the power factor of the en- 
tire plant. 

The lineshaft is located in the 
basement and is directly under the 
driven pulleys of the beaters. It is 
supported on sleeve-bearing pillow 
blocks which are mounted on con- 
crete pedestals. A belt wrapping 
and tightening device known as the 
Lenix Drive (made by F. L. Smidth 
& Co.) is used on each lineshaft 
pulley. This not only provides a 
means of independently disconnect- 
ing each beater in the group, but 
also permits operation with a short 
distance between centers of driving 
and driven pulleys. In addition, the 
Lenix Drive insures that sufficient 
area of the driving pulley is in con- 
tact with the belt going to the much 
larger driven pulley on the beater 
directly overhead. 


Table I—Drive Data of the Equipment Used in Bleach House 


Mac#ainse DRIVEN Type mi 
No. 1 Bleacher Wound rotor 50 
No. 2 Bleacher Wound rotor 50 
No. 3 Bleacher Wound rotor 50 
Shredder Wound rotor 100 
Vacuum pum Squir. cage 40 
Plunger stuf pump Squir. cage f 
Filter pump Squir. cage 30 
Bleached stock pump Squir. cage 20 
Filter overflow pump Squir. cage 
Filter drive Squir. cage 
Washer water pump Squir. cage 20 
Agitator bleach chest Squir. cage 15 
Agitator bleach chest Squir. cage 15 
Agitator bleach chest Squir. cage 15 
Agitator filter cheat Squir. cage 15 
Vacuum pum Squir. cage 10 


Alum tank . 
Air compressor 


ne | R. P. M. Motor Mra. TYPE or CONTROL CoNTROL Mro. METHOD or 
; Drivs 
860 | Allis-Chalmers Automatic Allen-Bradley Belt 
860 | Allis-Chalmers Automatic Allen-Bradley t 
860 | Allis-Chalmers Automatic Allen-Bradley Belt 
1,165 | Allis-Chalmers Automatic Allen-Bradley Flex. coupling 
860 | Allis-Chalmerst Auto. prim. res. Allen-Bradley Belt 
5 570 | Allis-Chalmers Auto. prim. res. Allen-Bradley Belt 
1,155 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling 
860 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling 
1,140 | Allis-Chalmers Across-the-line Allen-Bradley Flex. coupling 
1,140 | Allis-Chalmers Acroes-the-line Allen-Bradley Reduction gear 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Gear and belt 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Gear and belt 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Gear and belt 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Gear and belt 
1,150 | Allis-Chalmers Man. compensator Allis-Chalmers Back gear 
1,140 | Allis-Chalmers Acrosa-the-line Allen-Bradley Gear and belt 
5 1,750 | Robbins & Myers Across-the-line Allen-Bradley elt 
1.140 | Allis-Chalmers Allen-Bradley Gear and belt 


Shredder conveyor Squir. cage 
Shredder blower Squir. cage 30 
Two elevators Squir. cage 
Heater Squir. cage 3 


685 | Allis-Chalmers 
Warner Elev. Co. 
Allis-Chalmers 


Auto. prim. res. 


Acrosa-the-line 


Allen-Bradley 
Allen-Bradley 


Flex. coupling 
Direct 
Belt 


Table II— Drive Data of the Equipment Used in Beater Room and Pump House 


MAcghINRE DRIVEN 


No. 1 Beater 


Nos. 5 to 8 Beaters 


Heater 


No. 1 Deep well pump 
No. 2 Deep well pump 


Heater 


All motors are for 440-volt, three-phase service. 
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Wound rotor 
Wound rotor 
Wound rotor 
Wound rotor 
Synchronous 
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Squir. cage 
Squir. cage 
Squir. cage 
Squir. cage 


RATING] R. P. M. Moror Mra. 
Hp. 
85 385 | Crocker-Wheeler 
85 385 | Crocker-Wheeler 
85 385 | Crocker-Wheeler 
85 385 | Crocker-Wheeler 
265 450 | Elec. Machine Co. 
2 1,135 | Allis-Chalmers 
40 1,150 | Allis-Chalmers 
40 1,150 | Allis-Chalmers 
3 1,140 | Allis-Chalmers 


Type or CONTROL 


CONTROL Mra. 


METHOD or 


Drive 
Automatic Allen-Bradley Belt 
Automatic Allen-Bradley Belt 
Automatic Allen-Bradley Belt 
Automatic Allen-Bradley Belt 
Automatic Elec. Mach. Co. Direct 
Acroas-the-line Allen-Bradley Belt 
Man. compensator Allis-Chalmers Direct 
Man. compensator Allis-Chalmers Direct 
Across-the-line Allen-Bradley Belt 
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When starting the synchronous 
motor, the counterweights on the 
Lenix Drives are raised, thereby 
permitting the belts to hang slack 
and causing the motor to start the 
lineshaft under no-load conditions. 
Electrical interlocks, controlled by 
the position of the counterweights 
on each Lenix Drive, are connected 
in series with the start button of 
the motor control so as to prevent 
starting the synchronous motor in 
case any of the Lenix Drive units 
have not been released. 

Belts are used on all of the beater 
room drives as these provide a very 
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economical method of connecting the 
driving pulleys of the lineshaft and 
motors with the driven pulleys on 
on the beaters on the floor above. 


Figs. 5 and 6—Grouping of indi- 
vidual control panels at central 
locations is a feature of the con- 
trol installation. 


This control board is made up of 
Allen-Bradley across-the-line start- 
ers and automatic, primary-resis- 
tance starters. Fig. 6, right, shows 
the neat arrangement of resistors 
made possible through the use of 
compression-type tube resistors. The 
two controllers in the right fore- 
ground are current- and time-limit 
secondary resistance starters for the 
bleacher slip-ring motors. 


513 


Fig. 4—Drive installations used in 
the bleach house. 


The back-geared motor at the left 
drives the shredder chest through a 
belt. In the center is a small pump 
8 connected to a motor 
throug a flexible coupling. The 
push buttons for these two motors, 
as well as a third motor, are shown 
at the extreme left. The control 
anels for these motors are in the 
asement and are part of the group 
shown in Fig. 10. 


The control for the synchronous 
motor is an Electric Machinery Co.’s 
push - button - operated automatic 
starter. This controller automatically 
starts the synchronous motor on re- 
duced voltage, closes the field switch 
at the proper moment and then 
switches the motor to the full line 
voltage. 

The starters for the wound-rotor 
motors are of unusual interest. 
They are shown in Fig. 1. The four 
controllers are mounted together in 
the basement, adjacent to the wound- 
rotor motors that they control, two 
of which can be seen at the left in 
the illustration just referred to. 
The controllers are the Allen-Brad- 
ley type J-3230 and provide both 
time-limit and current-limit acceler- 
ation of the motor. This type of 
controller uses compression-type re- 
sistors, which are placed in series 
with each phase of the rotor of the 
induction motor. 

The operation of the controller is 
simple. Pushing the start button 
closes the primary switch, connect- 
ing the motor to the line. The clos- 
ing of this switch also starts the 
pilot motor which is located at the 
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bottom of the control panel and is 
used for compressing the resistors. 
The pilot motor rotates a camshaft 
that compresses the resistors (con- 
nected in series with the rotor), 
until the wound-rotor motor starts. 
The current relay which is connected 
in series with the primary circuit 
and which is set for the maximum 
desired starting current, then gov- 
erns the acceleration of the motor. 
If the primary current rises above 
the predetermined value for which 
the relay is adjusted, the latter will 
act to stop the pilot motor. How- 
ever, as soon as the current is re- 
duced, due to the acceleration of the 
motor, the relay will close and start 
the pilot motor again, thereby fur- 
ther compressing the resistors, 
which decreases the value of resis- 
tance in the secondary of the motor. 
This action is continued until the 
motor has been fully accelerated 
and the resistance short-circuited by 
a contactor on the panel. 

The gearing of the pilot motor to 
the camshaft is so arranged that 
approximately 5 to 8 sec. are re- 
quired to turn the camshaft from 
the full-resistance position to the 
lowest-resistance position, if the ac- 
tion is not interrupted by the series 
relay. The additional time required 
for bringing the motor to full speed 
is allowed for by this relay. Conse- 
quently, a definite minimum time for 
starting the motor is provided by 
the controller, which insures that no 
undue shock or strain is thrown 
upon the equipment during the start- 
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Fig. 7—Back-geared motors are 
belted to the stuff chests and to 
the agitators. 


This permits mounting the 744-hp. 
squirrel-cage motors on the wall, 
thereby keeping this equipment 
clean and dry. 


ing period and if unusually high 
starting torque is required, current- 
limit acceleration takes care of the 
acceleration until the motor is 
thrown across the line. 

Push buttons for starting and 
stopping these motors are located on 
the wall adjacent to each beater. 

A wattmeter calibrated in horse- 
power is also located at each push- 
button control station, so that the 
operators can know the condition of 
the load on the individual motors, 
thereby enabling them to judge the 


Table III Drive Data of the Equipment Used in the Machine Room 


. 
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quality of product being produced by 
the machines. The wattmeter and 
push-button stations are arranged 
in sheet-iron cabinets, one of which 
can be seen at the extreme right of 
Fig. 9. A close-up view of a similar 
control station can be seen in Fig. 3. 


There are 34 power drives in the 
machine room and in the basement 
under it. It is in this room that the 
pulp is put through the Jordan en- 
gines for refining. It then passes on 
to the paper machine where the 
liquid paper stock or pulp is con- 
verted into paper. 

Inasmuch as the load on the Jor- 
dan engines can be reduced as much 
as desired when starting, they are 
driven by synchronous motors which 
are directly connected thereto. The 


TYPE 


MACHINE DRIVEN 
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No. 1 Jordan 

No. 2 Jordan 

No. 1 Agitator 

No. 2 Agitator 
Constant-speed drive 


Synchronous 
Synchronous 
Squir. cage 
Squir. cage 
Squir. cage 


Motor-generator Synchronous 
Variable-speed machine | D. C. 

Rewinder D. C. 

Stuf pump D. C. 7; 
Stuff pump Squir. cage 7. 
Wire shake D. C. 0 
Oil pump D. 0 
Oil pum D.C. 0 
Monorail crane D. C. 

Consistency regulator Single phase 0 
Oil pump Squir. cage 2 
Beater room pump Squir. cage 25 
Machine pump Squir. cage 25 
No. 3 Agitator Squir. cage 7. 
Four heaters Squir. cage 3 
Four heaters Squir. cage 2 
Elevator Squir. cage 

Seybold cutter Squir. cage . 
Water pump Squir. cage 10 
Ventilating fan Squir. cage 15 
Breast roll hoist D. 


Direct-current motors are for 230-volt service. 
All other motors are for 440-volt, three-phase service, except the single-phase motor, which is connected to the 110-volt supply. 


Moror Mra. 


360 | Elect. Mach. Co. Automatic Elec, Con. & Mfg. | Direct 
360 | Elect. Mach. Co. Automatic Elec. Con. & Mfg. | Direct 
1,150 | Allis-Chalmers Auto. prim. res Allen-Bradley Reduction gear 
1,150 | Allis-Chalmers Auto. prim. res Allen-Bradley Reduction gear 
585 | Crocker-Wheeler Allen-Bradley Belt 
1,200 | Crocker-Wheeler Automatic Allen-Bradley Direct 
9 Crocker-Wheeler Allen-Bradley Belt 
335/1, Crocker-Wheeler Automatic Allen-Bradley Belt 
5 300/600 | Crocker-Wheeler Automatic . Belt 
5 535 | Elec. Con. & Mfg. Compensator Elect. Con. & Mfg.| Belt 
: 4 450/900 | Crocker-Wheeler Automatic Allen-Bradley ` Belt 
25 1,725 | Western Flectric Safety switch Square D Direct 
25 1,725 | Western Electric Safety switch Square D Direct 
Manual ShephardC.&H.Co.| Gear 
1 1,750 | Robbins & Myers 
1,155 | General Electric Across-the-line Allen-Bradley Gear 
1,740 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling. 
5 850 | Allis-Chalmers Auto. prim. res. Allen-Bradley Speed reducer 
1,140 | Allis-Chalmers Across-the-line Allen-Bradley Belt 
1,135 | Allis-Chalmers Across-the-line Allen-Bradley Belt 
Warner Elev. Co. , Flex. coupling 
5 1,140 | Allis-Chalmers Auto. prim. res. Allen-Bradley Belt 
1,150 | Allis-Chalmers Auto. prim. res. Allen-Bradley Flex. coupling 
1,150 | Allis-Chalmers Compensator Allis-Chalmers Belt 
General Electric Direct 


TYPE OF CONTROL 


METHOD OF 
Drive 


CodrROL Mra. 
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two Jordans are driven by Electric 
Machinery Co. motors rated at 200 
hp., 360 r.p.m. They are controlled 
by push-button-operated, automatic 
starters made by the Electric Con- 
troller and Mfg. Co. One of the 
Jordan engines together with the 
push-button control station is illus- 
trated in Fig. 3. 

The main drives on the paper ma- 
chine proper are the constant-speed 
drive and the variable-speed or Ward 
Leonard drive. The constant-speed 
drive operates one water pump, two 
large vacuum pumps for the suction 
rolls, and four small pumps for suc- 
tion boxes, all of which are located 
in the machine room basement. In- 
asmuch as these seven pieces of 
equipment must, operate simultane- 
ously (for a shutdown of any one 
would mean that the entire paper 
machine must be shut down), group 
drive was selected as being the most 
economical in operat o and first 
cost. The constant-speed drive is 
illustrated in Fig. 8. lt consists of 


hey 


Fig. 8—Group drive is also used 
on the constant speed drive. 


A Crocker-Wheeler, squirrel-cage, 
induction motor drives this line- 
shaft, which in turn drives a group 


of seven pumps used on the wet 
end of the machine. 
a 125-hp., 585-r.p.m., Crocker- 


Wheeler squirrel-cage induction mo- 
tor belted to a lineshaft running in 
ball-bearing pillow blocks mounted 
on concrete pedestals resting on the 
basement floor. Inspection of Fig. 
8 will show how the use of belts 
lends itself to driving of pumps, etc., 
which must be driven at various 
speeds and be located at different 
distances from the lineshaft, due to 


Figs. 9 and 10—Belt drive is used 
for the beaters. 


Fig.9, left, shows the four beaters 
that are individually driven by the 
wound-rotor motors shown in Fig. 
10, right. The sheet metal cabinet 
at the extreme right of Fig. 9 con- 
tains a horsepower meter and the 
start and stop buttons for No. 4, 
beater. A similar cabinet is located 
adjacent to each beater. These but- 
tons operate the controllers shown 
in Fig. 1 
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limitations caused by piping and 
building columns. 

The variable-speed or Ward-Leon- 
ard drive consists of a motor-gen- 
erator set (shown at the right in. 
Fig. 11) supplying variable-voltage 
direct current to a shunt-wound mo- 
tor belted to a long lineshaft which, 
in turn, is belted to the seven sec- 
tions of the paper machine on the 
floor above. The shunt-wound motor 
and the long lineshaft which are 
located in the basement beneath the 
machine room, are shown in Fig. 2. 
This lineshaft also runs in ball- 
bearing pillow blocks supported in 
the same manner as those for the 
other lineshafts. The motor, which 
is shown at the left of the illustra- 
tion just mentioned, is equipped with 
two sizes of pulleys on the armature 
shaft which may be belted to two 
different sizes of pulleys on the line- 
shaft, thereby obtaining two ranges 
of speed. These two changes com- 
bined with the change in speed by 
the manipulation of the generator 
and shunt motor fields, give a total 
range from 80 to 800 ft. per minute 
on the paper machine. 

The lineshaft just mentioned is 
belted to countershafts on the floor 
above, which in turn are geared to 
the different sections of the paper 
machine. To enable any section of 
the paper machine to be cut out, 
Cutler-Hammer magnetic clutches 
are provided on each countershaft to 
disconnect the pulley from the gear. 

The control for the machine room 
has been grouped together as shown 
in Fig. 11. The two panels at the 
extreme right are the Allen-Bradley 
control for the motor-generator set 
shown in the right foreground and 
for the variable-speed shunt motor. 
The third panel from the right is 
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the control for the constant-speed 
drive motor. The remaining panels 
are for the various auxiliary drives 
in the machine room and are listed 
in Table III. 

As has been said before, push-but- 
ton control is used throughout. One 
of the push-button stations is shown 
in Fig. 3. Directly above the push 
buttons are two wattmeters cali- 
brated in horsepower so as to give 
the operator an idea of the amount 
of power being drawn by the ma- 
chines controlled by the push but- 
tons. These meters are used in ad- 
justing the amount of shredding that 
each Jordan does whether they are 
connected in series or parallel. It 
also provides a means of setting the 
machine to duplicate a product pre- 
viously produced. In this connection, 
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it may be said that similar meters 
are used on all of the larger drives 
throughout this plant, with the idea 
that these would help the operators 
to set their machines to duplicate 
conditions that have formerly been 
obtained. Careful readings are taken 
on these meters for every grade of 
paper that is put through. 

This mill has a connected load of 


Fig. 12 — A synchronous motor 
drives a group of four beaters 
through a lineshaft. 


The synchronous motor is coupled 
directly to the lineshaft. A Lenix 
Drive, as shown at the left, is used 
on each lineshaft pulley to permit 
the belts driving the beaters to hang 
slack during starting or for inde- 
pendently stopping any beater. Use 
of the Lenix Drives also makes it 
possible to place the lineshaft di- 
rectly under, and at a short distance 
from, the beater pulleys. 
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Fig. 11—Large junction boxes lo- 
cated over the control boards 
greatly simplify the conduit layout. 


Sections of one side of the boxes 
are hinged as shown so as to permit 
ready inspection of the wiring. The 
wires are carried on racks inside 
of the junction box, as may be seen. 
This control board contains all of 
the controllers for the machine 
room, The motor-generator set at 
the right furnishes the variable- 
voltage supply for the variable- 
speed, paper machine drive. 


583 hp. in squirrel-cage, induction 
motors, 590 hp. in wound-rotor mo- 
tors and 895 hp. in synchronous 
motors. For normal operation the 
four wound-rotor motors on the 
beaters would be shut down, thereby 
giving a total connected load of 833 
hp. in induction motors as compared 
with 895 hp. in synchronous motors. 
As might be expected from such a 
combination the power factor is very 
high, in general averaging about 95 
per cent. 

With the exception of the motors 
on the beater drives, practically all 
of the squirrel-cage and wound- 
rotor motors were furnished by the 
Allis-Chalmers Mfg. Co. Thirty-five 
of these motors are equipped with 
Timken roller bearings. A saving in 
maintenance and repair expense, 
less oil trouble and less greasing is 
expected through their use. So far 
the bearings have operated for eight 
months with absolutely no trouble 
whatsoever. 

These bearings, together with the 
ball bearings in the lineshaft pillow 
boxes, are equipped with Alemite 
nipples for the Alemite system of 
pressure lubrication. No grease has 
been put into the motor bearings 
since the time of installation, al- 
though the motor bearings have been 
inspected from time to time. Every 
indication points to the fact that 
greasing will be required only at 


` yearly intervals. 
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Visual Record System 
for Motor Failures 
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The cards in this rack give a visual record 
of the operation of more than 3,000 motors 
in a large steel plant. Only three of the 
total of five sections us are shown. 
Each section contains 600 cards. The cards 
are filed vertically in rows according to 
the location of the motors they ‘represent. 
The name of the foreman in charge of a 
division is placed at the beginning of the 
corresponding section in the rack. 


tems also provide a space for record- 


enables the man responsible for the operation of a 
large number of motors to check their performance 
and thereby reduce the number of production 
delays occurring on them 


ing the failures on the motor and 
the cost of the required repairs. This 
is of value in determining the cost of 
operating a motor on a certain ma- 
chine or in a certain location. How- 


By COMER D. HAZEN 
Asst. Chief Electrician, Youngstown Sheet 
& Tube Co., Youngstown, O. 

OST motor record systems 
are made up in the form of 
cards which are filed in 

cabinets or drawers. On these cards 
more or less complete data is given 
regarding the motor and the machine 
driven by it. When ordering spare 
parts or determining rewinding 
data for the motors, such a record is 
very convenient for it provides a 
complete record of the details re- 
garding a given motor. Some sys- 


HAVE YOU EVER wanted to 
know quickly just how many motor 
failures you had in a given time 
and where these failures were? 
Have you wished for something 
like a map, upon which you could 
look and say, “I have had four 
failures here, two over there and 


only one at the other place?” 


Mr. Hazen, herein describes a 
system which in reality is a map 
of the motor casualties on the 
battlefield of operation. His sys- 
tem is simple yet it gives him an 
accurate picture of what is going 
on among 3,000 motors in his plant. 


ever, the information is hidden away 
and, in case of a large number of 
motors, it is necessary to go through 
many cards in order to determine 
the frequency of motor failures. 

In a steel plant, the most im- 
portant thing is to keep the motor 
running. The man in charge of the 
maintenance and operation of the 
power drives is judged more or less 
by the number of delays that occur 
on the equipment he is responsible 
for. Hence, the important fact to be 
recorded is how many times each 
motor has failed in service within a 
given length of time and what were 
the causes of these failures. 
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With this idea in mind a visual 
record system for motors was de- 
vised that would enable the man 
responsible for their operation to 
check their performance at a glance. 
It consists essentially of a rack ac- 
commodating 3,000 cards, which 
hangs on the wall of the office of the 
Electrical Department. This rack is 
very similar to the racks used in 
timekeeping departments for hold- 
ing the time cards. It occupies a 
space 5 ft. high and 10 ft. wide. The 
rack is built in sections, each section 
holding 600 cards, as shown in the 
illustration on page 517. Each sec- 
tion is made of a wooden frame com- 
posed of seven vertical strips held at 


the top and bottom by horizontal 


strips. The vertical strips are slotted 
at an angle as shown in the working 
drawing on this page, so as to hold 
galvanized iron separators, which 
make the pockets in which the cards 
are kept. Careful inspection of the 
working drawing just referred to 


Five sections made up like this 
compose the rack for holding the 
record cards. 


Each section of the rack is made of 
seven vertical wood strips held at 
top and bottom by horizontal wood 
members, as shown in the left-hand 
view. The vertical strips are slotted 
% in. deep at an angle as shown in 
the right-hand view, which Is a side 
elevation of the rack. Galvanized 
iron separators are held between 
opposite slots on the adjacent 
vertical members, as shown in the 
left-hand view. The back of the 
rack is tightly closed in by boards 
as shown at the right. 
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and the illustration of three sections 
of the rack shown on page 517 will 
give a clear idea of the construction. 
Each pocket is inclined slightly off 
the vertical so that the cards are 
held upright with only a half-inch 
of the top of each card visible. By 
inclining the cards, as described, the 
pockets fit behind each other in such 
a manner that from the front all 
that is visible is vertical rows of 
cards, as shown in the illustration 
on page 517. 

The record cards used in this 
system are 344 in. wide by 74 in. 
long and. are made up as shown on 
this page. In the upper left-hand 
corner is a space for the number 
designating the drive on which the 
motor is used. This designation 
consists of two letters indicating the 
plant division in which the drive is 
located, and the number of the 
motor. For instance, PL 64 indicates 
motor No. 64 in the plate mill; 
SM 19 indicates No. 19 drive in the 
sheet mill, and so on. The latter 
drive happens to be on a crane; 80 
there are three cards with this same 
number—one for the bridge motor, 
another for the trolley motor, and a 
third card for the hoist motor. In 


a case of this kind all three cards go 


in the same pocket of the rack. 
Hence, each pocket in the rack repre- 
sents one complete drive application. 

Beneath the numbers just men- 
tioned, spaces are provided for re- 
cording the name of the department 
in which the motor is located, manu- 
facturer’s name, character of field 
winding, class, form, horsepower, 
voltage, amperes, frame number, and 
speed of the motor. There is also a 
place for recording the brushholder 
data, and the number, size and make 
of brushes. Below these data is a 
place for writing in the name of the 
particular application the motor 
drives.. The remainder of the card 
is used for recording the date of the 
motor failures and the reason for 
each failure. 

After making a motor or arma- 
ture replacement, the foreman in 
charge of that division in which the 
delay occurred, makes a note of the 
failure in his daily report, telling 
the reason for the failure and the 
length of the delay. The clerk in 
the Electrical Department receives 
this report the following morning 
and enters all failures immediately 
on the cards just described. When 
the first failure occurs he places a 
black tab on the cards, as shown in 
the illustrations. On the occasion of 
the second failure, a green tab is 
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placed beside the black one and 
thereafter for every failure during 
the remainder of the year an addi- 
tional red tab is attached to the card. 
At the end of the year, the slate is 
wiped clean, all the tabs are removed 
and a new start is made. 

As the cards sit in the racks only 
the motor location number and the 
colored tabs are visible; hence the 
attention of the electrical superin- 
tendent is quickly dřławn to any 
cards that show troubles or delays. 
The cards are arranged in the racks 
according to the geographical di- 
visions of the plant and at the start 
of the row of cards for each district 
is placed the name of the foreman 
having charge of the motors in that 
division. In this manner the elec- 
trical superintendent has a visual 

(Please turn to page 554) 


Colored tabs are used to indicate 
the number of motor failures. 


On this card are recorded the data 
regarding the motor, the location of 
the drive and the name of the ma- 
chine it drives. In the lower half 
of the ‘card, the dates and reasons 
for motor failures are tabulated. 
When the first failure for the year 
occurs, a black tab is placed at the 
top of the card, as shown. On the 
second failure, a green tab is placed 
beside the black one, and for every 
failure thereafter during the re- 
mainder of the year, an additional 
red tab is placed on the card. 


Department... Plata. 1411.84", x96" 
Winding ..5.9%198.... 
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Practical pointers on the 


Groundwork Necessary 
Before Erecting a Lineshaft 


so that it will be rigidly supported and will maintain 
proper alignment in concrete, mill construction and 


other types of buildings 


By GEORGE TRIMM 
Millwright Superintendent, Chicago Pul- 
ley & Shafting Co., Chicago, IU. 

RECTING a lineshaft is a job 
E which requires at least experi- 

enced supervision. Also, with 
experienced millwrights the con- 
struction can go up quicker, better, 
and cheaper. In such work as this, 
much depends upon the knowledge 
and previous experience of the men, 
as it would be difficult and almost 
impracticable to attempt to work 
out by mathematical formulas the 
strength of the various construc- 
tions and of the bracing and lag- 
ging necessary. Also, so much de- 


pends upon the freedom from vibra- 
tion and sagging of the building 
that good judgment in placing the 
bracing is often more necessary 
than actual strength of materials. 
Some of the important points al- 
ways to keep in mind in the prelimi- 
nary construction or groundwork 
before the erection of a lineshaft 
depends so much upon the type of 
the building that they are more 
easily explained by connecting them 
to specific examples, some of which 
are given later in this article. 
There is hardly any type of build- 
ing construction which is not en- 
countered when erecting lineshafts, 


Fig. 1—Buildings with wooden roof 
truss construction present some of the 
most difficult problems met in erecting 
lineshafts. This special truss extendin 
between the roof trusses, and on whi 
the shaft is mounted, has been found 
to be very substanti 


even though it was never originally 
intended to bear the extra weight. 
This is particularly true in Chicago, 
and probably other large cities, 
where buildings which were origin- 
ally erected for garages, single-story 
buildings built for floor storage, 
stores, lofts, and even offices are 
later used for laundries and so- 
called light manufacturing, which 
sometimes makes heavy demands 
upon the construction. These types 
of building construction cause 
probably the most difficult problems 
in connection with the erection of 
a lineshaft and will be discussed 
more fully later. 

In some ways substantial, mill- 
construction buildings are the 
easiest in which to erect a lineshaft. 
The problem becomes more difficult 
as the quality of the construction 
decreases. Reinforced concrete con- 
struction has a good, substantial 
ceiling for erecting a lineshaft. 
Saw-toothed roof buildings offer a 
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problem of construction similar to 
that encountered with other trussed 
roofs. Each of these types will be 
discussed more fully later in the 
article. 7 

A good example of a lineshaft in- 
stallation in a mill-type building is 
shown in the illustration in Fig. 7. 
This shows part of a 100-ft., 
2 15/16-in. lineshaft at the Chicago 
plant of the Wolff Mfg. Co. This 
shaft is to be driven by a 30-hp. 
Allis-Chalmers motor and will op- 
erate at 209 r.p.m. The five 20-ft. 
lengths of 2 15/16-in. turned and 
ground shaft are connected by Grip- 
tite keyless, compression couplings. 
A 44-in. by 10-in. Oneida split-steel 
pulley is also clamped on the shaft 
with a keyless, cast-iron bushing 
bored to clamp fit. Cast-iron, four- 
point adjustable, drop hangers with 
a 22-in.—24-in. frame are spaced 
8 ft. apart, which is standard spac- 
ing for practically all cases except 
on shafts operating under severe 
service, or where a shaft is small 
for its load, or where a number of 
additional pulleys and loads are 
added and it becomes necessary to 
insert additional hangers about mid- 
way between the hangers already 
installed. An example of this will 
be given later. 

In this installation the driving 
pulley is placed at the center of the 
shaft, which will be approximately 
the center of the driving load. The 
hangers on each side of the driving 
pulley are placed 4 ft. apart, which 
will eliminate any possibility of 
whip or weave due to the pull of the 
belt. This shaft is to be used to 
drive a double row of buffing and 
polishing wheels and, as laid out, 
will not drive enough machines to 
equal its capacity. It is a good plan 
to provide greater capacity in such 
installations than is necessary for 
the machines planned for the initial 
installation as practically always 
more machines are added later. An 
extra % in. or % in. in the diameter 
of the shafting costs comparatively 
little more and practically nothing 
more for erection. 

In the case of this installation at 
the Wolff plant, Fig. 7, the building 
is of substantial mill construction 


Fig. 2—In the installation at the 
Alert Wet Wash Laundry, Chicago, 
III., it was possible to fasten each 
footing to an I-beam with beam 
clamps. 

In addition, the footings were fas- 
tened to the ceiling by special 
stringers. The method of extend- 
ing a shaft over the Hght-well in 
the center of the building is shown 
in Fig. 3. 
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and the ceiling practically level, so 
that the actual job of erecting the 
shaft was comparatively simple. 
The footings which support the 
hangers were made of 3-in. by 10-in. 
yellow pine plank. The ceiling 


beams are spaced about 36 in. center 


to center and the footings are fas- 
tened on with four %-in. by 7-in. 
lagscrews. Holes 11/16 in. in 
diameter were bored in the cleats 
or footings and 5½-in. holes in the 
joists for the lagscrews. 

In erecting lineshafts in mill-con- 
structed and most other multi-story 
buildings, a point which may cause 
difficulty is a ceiling construction 
which is too light, so that the ceil- 
ing gives with passing loads on the 
floor above, or when material or 


machines are placed on the floor 


above. In such a case as this a good 
practice is to install and line up the 
shaft under the conditions as found 
at that time. In about a month or 
so, it is well to go over the shaft 
again and line it up to see if there 
has been any deflection in the ceil- 
ing which has affected the shaft. 
This will take care of the loading 
caused by, machines on the floor 
above. 
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In case the ceiling gives with a 
passing load, little can be done to 
remedy it. However, where the floor 
above is used for storage, it is best 
to realign the shaft every time the 
floor is filled up or emptied as in 
some cases deflections of over an 
inch have been found in the center 
of the ceiling span. Lineshafts 
which are an inch out of alignment 
will create a very heavy friction 
load in the bearings. 

Another serious problem in. any 
installation arises where the joists 
are uneven. In such a case it is 
necessary generally to put some 
blocking under the footing at one 
end or the other. The best way to 
get this footing square is to use a 
plumb-bob or a vertical level and a 
T-aquare. Sometimes it is possible 
to level the footing on the top side, 
if it is finished lumber; this would 
have been possible with the shaft in- 
stalled in the Wolff plant if it had 
been necessary. 

In case the roof or ceiling slopes 
toward one end of the building, a 
type of construction which is fre- 
auently found on the top floor of 
loft buildings, it is practically al- 
ways necessary to work from a line 
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stretched from one end of the buid- 
ing to the other, or the length of the 
shaft. The line is leveled by the 
use of a line level, which is a small, 
light and very sensitive level which 
may be hung on the center of a taut 
line without deflecting it perceptibly. 
By working from this line it is 
possible to measure to the ceiling at 
each of the varying heights and 
build up the necessary blocking so 
as to provide a substantial footing 
for the lineshaft. 

To make this footing more sub- 
stantial it is generally advisable and 
practically always necessary to run 
stringers the full length of the shaft 
and fasten the hangers to the 
stringers or to footing blocks bolted 
to the stringers. An installation 
of this kind where the roof has a 
considerable slant is shown in Figs. 
2 and 3; these illustrations were 
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taken in a laundry. In cases of this 
sort 2-in. by 8-in. or 2-in. by 10-in. 
planks are commonly used for the 
blocking, with 4-in. by 4-in. or 4-in. 
by 6-in. timbers as stringers. 

If, in the installation at the Wolff 
plant, it had been necessary to ex- 


Figs. 3 and 4—These illustrations 
show the mounting of the main 
drive shaft, at the other end of the 
room shown in Fig. 2. 


This ball-bearing main drive shaft 
extends through the wall at the 
door to a main driving pulley which 
is belted to an engine; the method of 
mounting the shaft at the drivin 
pulley is shown at the right. Fig. 
at the left, shows a special staging 
which is necessary to carry the 
lineshaft across under the light- 
well. Where possible the stringers 
were clamped to the I-beams, al- 
though this alone was not sufficient. 
Fig. 4, at the right, shows how wall 
brackets and all-bearing pillow 
blocks may be used to mount a 
shaft along a partition wall, and 
the bracing which was necessary to 
prevent the wall giving under the 
load of the shaft and pulley. 
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Fig. 5—This is a view of a dif- 
ferent part of the paint mill shown 
in Fig. 8. This type of lineshaft 
a pr lac is used throughout the 
plant. 


Here the footings for the lineshaft 
are fastened to the concrete ceiling 
by expansion shells and the hangers 
are bolted to these footings. Con- 
crete buildings give probably the 
most substantial supports to a 
lineshaft. 


tend the lineshaft at a right angle 
to that shown in the illustration, so 
that it would cross the joists instead 
of running in the same direction, it 
would have been necessary to lay 
stringers across the joists and 
lagged to them. The footings would 
then be bolted to the stringers. It 
would be advisable to lagscrew 
stringers to the joists on each side 
of the footings. 

Sometimes it is necessary to run 
shafts diagonally across a ceiling, 
as is shown in Fig. 6. The construc- 
tion is shown clearly in this illustra- 
tion. A series of parallel shafts 
belted to each other is more ex- 
pensive to erect than a single shaft 
but frequently the layout of the 
machines makes it necessary. This 
is often the case in long, narrow 
buildings. 

In case of a building with lami- 
nated floor construction, that is, 
where the floor and ceiling are made 
up of 8-in. or 10-in. planks on edge, 
nailed together, it is extremely dif- 
ficult to erect a lineshaft on the ceil- 
ing so that it is not subject to a 
“weave” transmitted by trucking or 
any motion or vibration of machines 
on the floor above. In such cases 
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it is best to lay stringers and lag- 
screw them to this ceiling. Foot- 
ings are then attached to the string- 
ers by lagscrews. 

We believe that it is advisable to 
use footing planks for attaching 
hangers as they not only give a sub- 
stantial base from which to work, 
but also permit the use of a bolt in- 
stead of a lagscrew for attaching 
the feet of a hanger. This permits 
making adjustment by shifting the 
feet at any time without loosening 
the thread made by the lagscrew. 

We use a tight line as a base for 
practically all our work. This is 
leveled by the use of a line level and 
if over about 40 or 50 ft. long is 
generally supported in the center so 
that it will eliminate errors which 
might creep in due to sag. A large 
proportion of the objections to the 
use of a line is due to the fact that 
the men using it are not experienced 
enough and do not exercise suf- 
ficient care to see that it is level. 

Perhaps one of the most difficult 
types of construction for supporting 
a lineshaft is in buildings with a 
frame truss roof support. A typical 
installation in a building of this 
type was made at the Ideal Wet 
Wash Laundry, Chicago, III., as 
shown in Fig. 1 at the beginning of 
this articlé. Another type of con- 
struction for supporting lineshafts 
under similar conditions is to lay 6- 
in. by 6-in. stringers from one truss 
to the next and to support the line- 
shafts on footings attached to these 
stringers. This type of construc- 
tion, however, is subject to the 
natural sag due to the weight of the 
shaft, with a consequent misalign- 
ment of the shaft. 

A better form of truss which is 
easily constructed and installed is 


Fig. 6—Method used in installing 
a lineshaft diagonally across the 
building. 


When it is desired to stagger the 
machines without using a twisted 
belt it is sometimes necessary to in- 
ata a number of parallel shafts, 
was done here, with each shaft 
driving the next. This is a mill- 
constructed puter and the cleats 
or footings for the hangers are 
fastened to the joists by lagscrews. 
It was necessary to use two cleats 
for each hanger. Instead of coun- 
tershafts each machine is driven 
directly from the lineshaft through 
a clutch pulley. Cutoff couplings 
permit sections of the shaft to be 
cut out if necessary. The placing 
of the Hneshaft is generally secon- 
dary to the desired placing of the 
machines. Sometimes in long, nar- 
row buildings, it is necessary to 
install the machines in rows cross- 
wise in the building. In such cases, 
it is generally necessary to run a 
number of rows of parallel line- 
shafts connected together by belts. 
using only one motor to drive the 
group. Wherever possible, in such 


cases, it is advisable to connect the 7 


motor to the center shaft. 


E 


INDUSTRIAL ENGINEER 


shown in this illustration of the 
Ideal Wet Wash installation, Fig. 1. 
This truss which may be seen ex- 
tending between the first two roof 
trusses in the foreground of the 
illustration is made of 2-in. by 6-in. 
and 2-in. by 8-in. planks with cross 
braces, and bolted together as 
shown. Diagonal braces extend from 
the side of this brace to the roof 
truss to prevent side-sway. The 
footings for the hangers are bolted 
to this special truss. 

In this construction, a special 
truss is put up between each of the 
roof trusses. Each of these is 


bolted together at the ends and with 


the side bracing does not show any 
vibration even under the severe 
service in a laundry. Laundry serv- 
ice is severe in that a washing ma- 
chine makes a certain number of 
revolutions in one direction, then 
reverses, makes the same number of 
turns in the opposite direction, and 
repeats this continuously. This is a 
1 15/16-in. turned and ground shaft 
40 ft. long and equipped with SKF 
ball-bearing hangers. 

Still another type of construction 
was required in the instailation of 
the lineshaft which is attached to 
the back wall, as also shown in Fig. 
1. This is also 1 15/16-in. lineshaft, 
60 ft. long, and is supported by SKF 
bracket hangers. The footings here 
consist of 6-in. by 6-in. pieces of 
timber which are bolted to the wall 
with the bolt head held by a steel 
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plate on the outside of the wall. One 
of the most important points to con- 
sider in attaching hangers to a wall 
is to provide a substantial footing 
so that the hanger will have a base 
of sufficient size so that it is mounted 
firmly and on a large area of brick 
wall. The mere size of the timbers 
is not the important point, however; 
it is more important to see that they 
are placed where they can be used 
to best advantage. 

In the lineshaft installation made 
at the Alert Wet Wash Laundry, 
Chicago, III., Fig. 2, the roof is sup- 
ported on steel I-beams, which in 
turn are supported on cast-iron 
posts. This offers a still different 
problem. Here the footings for the 
hangers are supported partially by 
an I-beam supporting the roof joists 
and extending parallel to the shaft. 
In addition, 3-in. by 8-in. stringers 
are extended alongside the I-beam 
and bolted up to the ceiling, with 
special bracing. This is shown more 
clearly in Fig. 8, which was taken 
in the same laundry at the other 
end of the room, at the main drive 
shaft. How this footing is clamped 
and attached to the I-beam is shown 
in the second hanger in this illustra- 
tion. Here a block under the foot- 
ing is attached to the I-beam by 
beam clamps which are bolted to the 
footing and clamp over the flanges. 

In a case like this, wooden 
stringers may be used because they 
can be supported in several places, 
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whereas with the wooden truss roof 
the only possible method of sup- 
porting the truss or stringers is at 
the ends. Also, the method of 
clamping the hanger footing to the 
I-beam helps to give added rigidity. 
This is a substantial method of sup- 
porting lineshaft and does not per- 
mit any vibration in operation, even 
under the severe service of the re- 
versing motion of the washing ma- 
chine. 

A lineshaft is supported on the 
wall in Fig. 2 in much the same 
manner as was used at the Ideal 
Wet Wash, shown in Fig. 1. Here, 
however, the footing is not so heavy 
because it was not necessary to 
carry the lineshaft quite so far 
away from the wall. This footing 
is also bolted through the wall, with 
the bolt heads held by steel plates. 

Fig. 3 shows the main drive in 
this same laundry. This illustration 
shows clearly the method of mount- 
ing the stringers and also the beam 
clamps which are used to fasten this 
stringer to the cross I-beam. Here 
it was necessary to insert special 
staging to cross over a sky-light. 
The method of construction and 
blocking necessary may easily be 


Fig. 7 — Substantially-built, mill 
construction buildings are gener- 
ally the most satisfactory for erect- 
ing lineshafts. 


This is one of three shafts recently 
erected at the plant of the Wolff 
Mfg. Co., Chicago, Ill. The drop 
hangers are spaced on 8-ft, centers, 
except at the driving pulley, where 
the hangers are on 4-ft. centers. 
The footings or cleats for support- 
ing the hangers are fastened to the 
joists with two lagscrews at each 


end. This is a 2 15/16-in. shaft, 
100 ft. long. The motor is so placed 
that the driving pulley is approxi- 


mately in the center of the shaft. 
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understood from the illustration. 

The lineshaft in the. background 
and the one attached to the wall are 
the same as shown in Fig. 2. This 
main lineshaft is 2 7/16-in. in 
diameter and extends through the 
wall to a 44-in. by 10-in., double- 
arm, Oneida split-steel pulley which 
is driven by an engine. The mount- 
ing of the driving end of this main 
shaft, Fig. 4, shows the application 
of a wall bracket and an SKF ball- 
bearing, pillow block for supporting 
the driving end of the shafting. 
Here the wall brackets are mounted 
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Fig. 8—This lineshaft was in- 
stalled in a. reinforced concrete 
building. 

Here the footings for the lineshaft, 
clutch shifters, and also footings to 
support a monorail I-beam are at- 
tached to the concrete ceiling by 
the use of expansion shells. This 
is a 27/16-in. shaft mounted in 
SKF ball-bearing hangers. Coun- 
tershafts are eliminated entirely in 
this installation in a Chicago paint 
mill by the use of ball-bearing 
clutch pulleys. 


on 3-in. by 10-in. planks set upright 
against the wall. Another pair of 
planks is also placed on the other 
side of the wall. These are bolted 
together with steel plates used un- 
der bolt heads and nuts, which gives 
sufficient bearing surface so that the 
bolts will not loosen during opera- 
tion, as might be the case if the bolt 
heads were placed directly against 
the wood. The planking is also 
bolted through the wall both above 
and below the wall brackets. This 
ties the whole wall up solid and gives 
practically the whole area of the side 
of the planks as a bearing surface. 

When fastening lineshafts to the 
ceilings of reinforced-concrete-con- 
structed buildings, a very common 
method is to use special steel inserts 
which are cast in the concrete. How- 
ever, in many cases industrial plant 
engineers do not know, when the 
building is built, exactly where the 
lineshaft is to extend, or find it 
necessary to make changes after the 
building is up. This necessitates 
then that the hangers be fastened 

(Please turn to page 554) 
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Details of methods and 
equipment used in 


Rewinding and Repairing 
Armatures and Motors 


which operate under severe service conditions, 
together with shop tests and records that show the 


quality of the work 


By CHESTER A. WILLIAMS 
Electrical Repair Shop, Providence Gas 
Company, Providence, R. I. 

LANT repair shop practices, 
Pes and equipment are 
governed largely by the amount 
of work to be done and the condi- 
tions under which the equipment is 
operating. The large shop can adopt 
ideal equipment and the best and 
most economical methods. The small 
shop is often forced to use what it 
can design and construct itself. Ad- 
ditions to the equipment, however, 
are made gradually as the shop feels 
it can afford them and can convince 
the management of their economy, 
desirability and necessity. 

The number of repairs necessary 
and the kind or extent depend to a 
large extent upon the conditions un- 
der which the motors and other 
equipment operates. The manufac- 
ture of gas is a process which con- 


tinues, with some fluctuations, 24 hr. 
a day and 365 days a year. A motor, 
which is operating in evenly-heated 
and well-ventilated buildings under 
conditions free from acid or corro- 
sive fumes and conducting dusts, re- 
quires entirely different repair prac- 
tices from one operating under ad- 
verse conditions. The manufacture 
of gas and by-products is a good 
example of the adverse conditions in 
which the three worst enemies of 
electrical equipment are coke dust, 
ammonia and extremes of tempera- 
ture. Of the three, coke dust, which 
contains 87 per cent or more of car- 
bon, is the worst enemy; electrical- 
ly, by short-circuiting the windings 
and commutators, and mechanically, 
by causing serious bearing trouble. 

At the plant of the Providence Gas 
Co. approximately 150 motors of 
nearly 2,000 hp. total rating are re- 
quired to operate the equipment. The 


Fig. 1—This is the rewinding sec- 
tion of the repair shop. 
The man at A at the left is testing 


an armature with its top leads 


raised with a megohmer for insula- 
tion resistance. A final millivoltmeter 
bar-to-bar test, is made on all 
finished armatures. Soldering, O. is 
done with a double-flame torch. 
The operator, D, is taping coils and 
has at his right a pile of finished 
coils. The testing board, E, consists 
of parallel and series lamp banks. 
Some of the lamps are removed here 
to give a better view of the board. 


direct-current motors range from 1 
to 75 hp. and the alternating-current 
motors from 1 to 300 hp. The ma- 
jority of the motors range from 10 
to 20 hp. Direct current is gener- 
ated at 250 volts. The alternating- 
current equipment is operated at 440 
volts with purchased power. 

A considerable number of these 
motors operate in an atmosphere of 
coke and coal dust. A few are di- 
rectly subjected to ammonia fumes, 
which attack the copper and cause 
high-resistance contacts and poor 
commutation. 

The crew required for inspection 
and repair of this equipment is com- 
posed of the foreman, one night and 
one day maintenance men and two 
helpers, one oiler, one armature 
winder and helper and a construc- 
tion man and helper. The night and 
day maintenance men inspect the 
equipment and do any necessary 
troubleshooting. The two helpers 
work on the day shift, either with 
the day man or on any necessary 
repairing, overhauling or other mis- 
cellaneous work which comes up. 
The oiler blows out the equipment 
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Do Following work on this piece: 
Date (Ya Che Acet f Ait: Mos 
Name ot piece 


Winding + Gey) - repair 
Commutater - S 2 E 
m- O 


- polish 


Fig. 2—This work tag goes with 
n armatures sent to the machine 
op. 


with compressed air and watches for 
any indications of possible bearing 
trouble, in addition to his oiling rou- 
tine. The duties of the armature 
winder and the construction man, 
and their helpers, are obvious. 


EQUIPMENT AND METHODS USED IN 
REPAIRING ARMATURES 


The equipment in the electrical re- 
pair shop includes a 36-in. by 8-ft. 
banding lathe, a 10-in. speed lathe, 
a 50-in. insulation cutter, a Segur 
bar loop winder, a wire loop winder, 
a taping machine, a 16-in. by 55-in. 
spreader, a two-wheel floor grinder, 
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a 2-ton Peerless hoist and a 381⁄4-lb. 
electric soldering iron. Figs. 1, 4 
and 9 show different parts of this 
workshop and some of the work 
done. Commutator turning and all 
machine work are performed in the 
machine shop, a portion of which, 


containing several of the larger ma- 


chine tools, is shown in Fig. 6. 
Because most of our trouble with 
a motor is in the armature, we keep 
a large number of spare armatures 
instead of spare motors. Altogether 
there are a total of 61 spare arma- 
tures with at least one and in some 
cases two spares for every impor- 
tant piece of apparatus. This mini- 
mizes loss of production and allows 
more time for proper repairs. 
Every spare armature is equipped 
with properly fitted bearings, a pin- 
ion or pulley and a key; special at- 
tention is given to the latter. Keys 
are machined to within 0.001 or 
0.002 in., are fitted by hand filing 
until an even bearing is secured and 
are required to be driven in at least 
half way during the fitting before 
they are O. K.“ d. This is a large fac- 
tor in eliminating lost time and pre- 
vents unnecessary interruption of 
production when making a change. 
Practically all bearings and pin- 
ions are made in the machine shop 
and the machinists do all the fitting 
to the journals. Spare armatures 


are stored on racks about 3 ft. from 
the floor, with a small exhaust steam 
coil under each rack. Steam is kept 
on during both summer and winter, 
so that the armatures are kept per- 
fectly dry and slightly warm. 
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Armature & Motor Rep'r Data 
Date Rep'a Iftf2szineraried. 8 


Symbol No, or =e a A 


Fig. 3—After all work is completed 
on an armature, it is tested and 
this record filed. 


Almost every type of armature re- 
pair is made, either in the Electrical 
Department or in the machine shop. 
Journals measuring 0.005 in. or 
more under standard are built up by 
arc welding and turned down in the 
machine shop. We do not build new 
commutators, but those which have 
carbonized mica are rebuilt and, oc- 
casionally, a bar or two is made to 
replace defective ones. if the com- 
mutator is otherwise good. 

Approximately 100 armatures 
were repaired during 1924 and re- 
quired the following quantity of ma- 
terials: 243 Ib. of magnet wire, 402 
rolls of cotton tape, 22 rolls of silk 
tape, one 50-in. roll of fishpaper, 15 
lb. of mica fishpaper, 31 18-in. by 
36-in. sheets of segment and molding 
mica, 55 gal. insulating varnish, two 
rolls of 36 in. varnished cambric and 
15 Ib. of 1/16-in. sheet fiber. Also, 
641 rolls of friction tape, 108 rolls 
of splicing compound and 275 lb. of 


Fig. 4—Another section of the 
shop for the Electrical Department, 
one some of the types of work 
one. 


On this special form for winding 
coils the wire is crossed over at the 
point marked A. A finished and un- 
finished coil which were made on 
this form are shown alongside. The 
attachment, B, to the hairpin loop 
winder is in use winding a 6-h 
armature. The adjustable form, 0. 
is used for winding small wire coils, 
Several of the types of coils which 
are made in the shop are shown in 
D. The i1-hp. stator, E, has just 
been dipped and baked. Two sets 
of large field coils are shown on the 
bench at the right of E and the 
insulation rack and cutter are over 
by the wall and window. The air 
and as connections, F, for the 
soldering torch are hung up when 
not in use. 
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solder were used, either in the shop 
or around the plant. 

The small amount of magnet wire 
used is due to the fact that we use 
old coils whenever possible for the 
larger sizes of armatures after they 
have been reinsulated. Also, several 
sets of coils were purchased about 
the first of the year. 

The methods used in armature 
winding have been given special con- 
sideration, because at one time the 
life of certain newly-wound arma- 
tures used in the coke department 
was from two to three months. After 
considerable study of the problem we 
decided on the following method of 
procedure which is giving good re- 
sults. Armatures with grounded or 
shorted coils are seldom repaired un- 
less the repair be made without rais- 
ing the coils. If the service is not 
severe and the winding seems good 
except for one or two coils, the dam- 
aged ones are cut in the loop, discon- 
nected and jumpers put on. This is 
not only a quick and inexpensive re- 
pair but our records have shown that 
a smaller percentage are returned 
than when new coils are inserted. 

If it is necessary to rewind the ar- 
mature, the old coils are removed as 
carefully as possible and those show- 
ing a good test are reinsulated dur- 
ing spare time. The core is given 
a good cleaning and reinsulated. 
The commutator is required to stand 
a 50-megohm test between bars and 
to ground before being passed. This 
sometimes requires two days’ time, 
but we consider that the new insula- 
tion makes it as good as a new one 
and our records of results show this 
to be good practice. 

The usual string band is put on 
and the comm itator is sealed at both 
ends by a small amount of Bakelite 
cement rubbed on with the finger in 
such manner as to give a thin coat- 
ing over the string band and ends 
of bars. Too much Bakelite in any 
one place will bubble out during the 
baking and makes a poor job. Coils 
are baked to exclude moisture and 


Fig. 6—Mechanical repairs to elec- 
trical equipment are made in the 
Machine Shop. 


Spare armatures, of which there is 
at least one for every important 
drive, are fitted with pinions or 
pulleys, keya and bearings in the 
machine shop before storing away. 
This makes a complete unit which 
can be installed quickly. Shafts 
which are worn down are built up 
by arc welding. The 20-hp. arma- 
ture at A is fitted with its bearings, 
pinion and key. ready for storage. 
Only lead hammers are used for 
driving pinions. Several pintons 
are piled at the right of A and a 
number of hearings at B. At O is a 
100-hp. armature fitted with spare 
endplates, bearings and pinion. 
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MOTOR CHECK CARD 
Make of Motor 


Are ooile thorough 

Hae polarity of arts 

Are coils a enug 

les 9 tightly 28 frane.. 
oláers and studs ti 

Did you * a 50 MEO. test bat dan 

9 Colle and ground 
@ all 0011 connections and leads 

3 with connectors: 

Are all leads through frame properly 
Dushed with fiber 

Dose armature rotate free) 

Has it about 1/8-in. end p 

Are the bearing dowels in 

Have the brushes been fitted to the 
Ccoamutator 

Are they evenly spaced 

Ie the tension alike on all brushes 

Have you phecked the clearance between 
armature and ree 


Fig. 5—The repairman must fill 
out this record, which is filed, on 
all overhauled motors before they 
are O.K.’d. 


the winding is done in the usual 
manner after a three-cornered file 
has been run across each slot to 
eliminate any burrs. 

Fishpaper is used for slot insula- 
tion. Bottom leads are placed as the 
winding progresses. When the coils 
are in and before the top leads are 
put down, another insulation re- 
sistance test, using a megger, or 
megohmer, is then given both be- 
tween bars and to ground at one 
operation, by connecting one of the 
terminals to ground. 

In passing from bar-to-bar for 
this test, if one of the coils or bars 
should be grounded it will show up 
through the third wire. On this 
test also the armature is required to 
show a resistance of 50 megohms. 


card, 


Vol.88, No.11 


The armature is finished in the 
usual manner. The soldering is done 
with a small gas-and-compressed air 
torch. Rosin and alcohol is the only 
flux used. Numerous tests have 
been made but no bad results have 
been noted to date from the use of 
the torch. A 5- to 10-hp. armature 
can be soldered in from 20 to 80 min. 
and we seldom have trouble from 
high-resistance connections. The 
completed winding is dipped in Ster- 
ling extra-insulating varnish, baked, 
and sent to the machine shop with 
the work tag, Fig. 2. When com- 
pleted, a final bar-to-bar test is made 
with the millivoltmeter and the ar- 
mature tested to ground. If it is 
O. K., the armature and motor repair 
data card, Fig. 3, is filled out and 
filed. This card has been an im- 
portant factor in solving some of our 
trouble. 

All armatures of the same make 
and type are stamped Z, F, X, and 
80 on, for purposes of identiflcation. 
As an example of the value of this 
if two or more armatures, 
working under similar conditions, 
are returned for grounds at the rear 
end, extra precautions are taken to 
remedy this, as shown. The card 
also shows how long the armature 
has been in service, whether or not 
special precautions were taken, who 
repaired and tested it, and what the 
test showed. Our practice of mak- 
ing rigid tests has grown out of 
the use of this card and two brands 
of insulating varnish have been dis- 
continued because of the poor re- 
sults as shown by this record. 

Usually when an armature is 
found with low bearings, it is re- 
placed instead of merely changing 
the sleeves. As stated before, bear- 
ings are fitted to each spare arma- 
ture. The next step is to raise all 
top leads and give a bar-to-bar and 
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ground test with the megger, as de- 
scribed above, as we find that the 
millivoltmeter is unreliable on old 
work because it does not show up 
leaks due to carbonized mica and 
carbon dust. Old armatures which 
show a resistance of one megohm 
are passed if there is not much vari- 
ation between bars and to ground. 

Two-pole motor armatures are 
wound in the banding lathe, as 
shown in Fig. 4, by using a shop- 
made attachment to the coil winder. 
This procedure is much quicker, but 
requires careful insulation between 
‘coils at both front and rear. The 
usual winding time is 5 to 6 hr., in- 
cluding the time required to place 
the sleeving which is used on bot- 
tom leads only. We seldom try to 
repair coils in this type of armature, 
but occasionally cut them out and 
insert jumpers. 

Our practice is to overhaul a com- 
plete unit at such time as a piece 
of equipment is shut down for any 
reason long enough for us to do so. 
We strip and clean the motor thor- 
oughly, give it a coat of insulating 
paint and put in new coils. The old 
coils are later reinsulated, dipped in 
Sterling varnish, baked and put back 
in stock. 

A large part of the success of our 
repair work is due, we believe, to 
the thoroughness of our tests and 
the records we keep on all repaired 
equipment. For example, after over- 
hauling the motor, the repairman is 
required to check each item on the 
card, Fig. 5, before it is O.K.’d. 
When he knows that this informa- 
tion is put down in black and white 
and kept on file, he is sure that the 
test and record are right. 

When the testing, after overhaul- 
ing, is completed the motor is oiled 
and given a short running test for 
direction of rotation, speed, amperes 
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at no load and brush setting. It 
may be interesting to note that in 


connection with the motor repair 


work, the following coils were re- 
placed for failures during the year: 


7—This cross-section view 
indicates how the mica rmgs are 
formed for the cones of the com- 
mutator. 


Fig. 


41 main field coils, 25 commutating 
coils, 27 resistor coils and 12 hold- 
ing coils. 


How COMMUTATOR TROUBLES AND 
REPAIRS ARE HANDLED 


The repair work on commutators 
is confined mostly to carbonized mica 
segments and the outer cones which 
are damaged by shorts just under 
the edge of the bars. This trouble 
is being rapidly eliminated by the 
use of Bakelite cement. Most of the 
burned-out cones are traced to a 
combination of oil and coke dust 
which makes an excellent conductor. 
Mica segments are made by insert- 
ing a piece of segment mica between 
the two bars and holding them in a 
smooth, swivel-jaw vise. A fine- 
tooth hacksaw blade is used for cut- 
ting off the excess mica. 

Cones are made from molding mica 
in the following manner: After lay- 
ing out the pattern two pieces each 
for the inside and the outside rings 


Figs. 8 A and 8 B—When an arma- 


ture is stripped for the first time, 
the winding data are recorded on 
this loose-leaf sheet. 


— A 
Winging 
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are cut. Each piece is drawn 
through a flame to make it pliable 
before forming. Next, a piece for 
an outside mica ring is placed, while 
hot, around the iron cone and held 
until cool enough to retain its shape. 
It is then marked and cut %-in. too 
long and the lap is halved in. The 
second mica is formed in the same 
way over the first and the inside 
rings are formed in similar fashion. 
The cross-section of one side is 
shown somewhat exaggerated in Fig. 
7, which indicates how the rings are 
assembled after treating with var- 
nish except for the parts coming in 
contact with the commutator. This 
and the.iron cone are well heated and 
gradually drawn up tight. We have 
had splendid satisfaction from this 
method and it requires only about 
45 min. td make the cones.: Before 
discarding the pattern, a template 
is made of tin and the type of ar- 
mature is stamped upon it. . This 
saves considerable time on future 
work. 3 
Commutators are undercut 1/64 
in. if the motor is located in a clean 
place. Experience has indicated that 
it is bad practice to undercut the 
commutators on motors driving con- 
veyors or crushérs, and on boiler 
room motors. Acme commutator 
stones are used on these commuta- 
tors as soon as any trouble occurs. 


ARMATURE COIL MAKING, DIPPING 
AND BAKING PRACTICE , 


When an armature is stripped for 
the first time, the winding data are 
recorded on the form, Figs. 8A and 
8B, which is filed in a loose leaf 
binder. This reduces the set-up cost 
very materially, as it takes but a 
moment to set the winder and 


spreader to the scale as recorded on 


the sheet. Other time-saving fea- 
tures can be seen by a study of the 
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data which are recorded on this card. 


Coils made on the hairpin loop 


winder are made and spread in the 


usual manner. We do not attempt 
to tape in cells as we have little trou- 
ble with coils breaking down in the 
slots. Fishpaper of sufficient thick- 
ness is used in the slots so that 
coils may fit snugly; the insulating 
varnish seals and makes them trou- 
ble-proof. Two sets of coils are al- 
ways made at one time as this re- 
duces the cost per coil of setting up 
the equipment. 

Certain types of wire wound coils 
can be made much quicker in special 
forms. One such form, with a coil 
made on it, is shown at A, Fig. 4, 
which shows clearly how the form is 
made. The advantage in the use of 
the form lies in the reduction of the 
number of operations. This partic- 
ular form is used to make 4-paral- 
lel, three coils per bundle, open coils 
from No. 18 wire and having rec- 
tangular ends when spread. The 
slots are the right width for three 
wires and are four wires deep; the 
coils are wound with three wires in 
hand. When one slot is filled (four 
deep), the winding is crossed over to 
the second slot (at A, Fig. 4) with 
only a momentary stop and the oper- 
ation is continued until the six slots 
are full. After tying, the coils are 
sawed through with a fine-tooth 
hacksaw and then removed, dipped 
and baked before further operations 
are performed on them. 

Our method of dipping and baking 
is somewhat unusual and would 
hardly be suitable for a large repair 
shop. The armature is put in the 
banding lathe and by the use of a 
space heater containing six Cutler- 
Hammer, 2-amp. units, all moisture 
is driven out. When dry, the heater 
is replaced by a pan blocked up as 


Fig. 9—All dipping, baking, arma- 
ture coil winding and banding are 
done on this lathe. 


This keeps the lathe busy nearly 24 
hr. a day. How a 40-hp. crane motor 
armature is dipped is shown at A. 
The bed and legs of this lathe were 
made in the Machine Shop from a 
large channel and angle iron. The 
head and tailstock were taken from 
an old lathe and blocked up on 
short sections of I-beams. This 
lathe is rugged and satisfactory. 
One of the jobs in the shop when 
this picture was taken was a 60-hp. 
G. E. crane motor. the frame of 
which is shown at B. C shows sam- 
ples of spare parts which were 
made in the Machine Shop. D is a 
telpher trolley pole partly assem- 
bled. E shows two coil frames and 
a finished coll. F is a wire-reel 
rack, and a set of field coils which 
have just been dipped and baked, 
are shown in front of it. Magnet 
coils are wound on the speed lathe, 
G. in front of the window. H is an 
armature coil spreader, with a set 
of coils, and I is a portable arma- 
ture rack. 
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high as the shaft will permit and of 
a length sufficient to include the 
commutator, which is covered with 
a layer of paper and friction tape. 
The pan is ‘filled as full as possible 
with varnish, and the armature 
turned slowly by hand, or a fraction 
of a turn is given at intervals, until 
every part of the winding is sure to 
be covered. The pan is then low- 
ered to the lathe bed. The armature 
is allowed to drain more or less ac- 
cording to the thickness of coating 
desired. The lathe is then operated 
slowly to prevent the varnish run- 
ning and the pan is replaced by the 
heater. Two pieces of sheet metal 
are placed, one on each side of the 
armature, to help confine the heat. 
The varnish does not drop on to the 
heater because of the slow rotation 
of the armature in the lathe. 

On armatures for motors up to 20 
hp. a temperature of approximately 
200 deg. F. is obtained, which re- 
quires a baking time of from 10 to 
20 hr. according to their size. Larg- 
er armatures do not attain this heat 
and require longer baking. They 
are usually allowed to bake over 
night and the night maintenance 
man inspects them occasionally. 
This method has its disadvantages 
but the quality of the work is good. 

The advantages of this method 
are: It has a low first cost; a mini- 
mum amount of varnish is required 
in stock as 12 gal. is sufficient for 
a 100-hp. armature; the necessary 
equipment takes up little room when 
in or out of use; a heavier coat of 
varnish can be applied as the rota- 
tion prevents draining; it makes an 
even and good-looking job, as the 
varnish does not sag; the necessary 
equipment can be made in the shop 
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by almost any good plant mechanic. 

Its disadvantages are: Excessive 
labor cost, as it requires about 2% 
hr. per piece except on armatures 
of 5 hp. and less; the pans must 
be set up, the varnish has to be 
taken out and returned to the can 
each time, the pans must be cleaned 
out and so on; the cost of heat is 
excessive, especially if power is pur- 
chased; the lathe cannot be used for 
other purposes while baking. It is 
our intention to replace this outfit 
shortly with a dipping tank, an oven 
and a trolley. 

The cost of our armature winding 
is not excessive, however, as ia 
shown by the data on jobs of three 
representative sizes. These figures 
do not include the overhead: 

Gen. Elec., 5-hp., 12-pole, Type RD.. 
26A, Lathe Wound 
Labor cost, including handling....$10.18 


Varnish, insulating material, ete. 8.26 
8 Ib. No. 16 c.e. wire. 4. 80 
Total ess tt’t’ hk $18.22 
Westinghouse, 10-hp., Type SK 70 
Labor cost, making coils................ $ 5.67 
Labor cost, winding and handling 17.90 
30 Ib. copper at 600. 18.00 
Insulating material, bands and 
solder—estimated ............0000000... 8.64 
Total see 8 $45.21 


Elwell-Parker, 100-hp., Special Multi- 
polar Crane Motor 


Labor stripping, reinsulating 
coils, rewinding, turning and 
handling cence eee 2.00 


bands 


———— —æ—— ꝙ⁰—ꝙ q ꝓJUUOPOHMPBPMP—Kh——»—»—KQKCKQAKmK —Æ? V h 


Total cost. e $68.80 


Regardless of where the work is 
done or what the method is, results 
are what count. My opinion is that 

(Please turn to page 581) 
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Summary of the 
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Recent Changes Made in 
National Electrical Code 


that affect the rules governing installation and 
protection of equipment, together with revisions 
which make some rules more easily understood 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 
LTHOUGH no radical changes 
have been made in the new 
edition of the Code there are 
many variations from the 1923 
Code. Some of these variations are 
the result of thorough editorial re- 
visions in the way of improvements 
in wording or rearrangement of 
rules to make them clearer, with no 
change in the intent or requirements 
of the rules. In consequence the 
1925 Code will be more nearly free 
from errors and conflicting or am- 
biguous statements. Other revisions 
are, however, quite important; those 
which are of particular interest to 
industrial plant men will be dis- 
cussed briefly in this article. 

In Section 402, a new paragraph 

c has been added which reads: 


When a service from overhead sup- 
ply wires to a building is carried 
underground, the portion of the wires 
underground and running up the pole 
to a int at least 8 ft. above the 
gro shall be lead-covered and suit- 
ably protected from mechanical injury. 


A new paragraph, e, has also 
been added to Section 404, covering 
the service entrance protection of 
systems operating at more than 600 
volts. The new rule states clearly 
the requirements and optional pro- 
visions for the service entrance 
equipment. 

Changes in Section 405 include a 
new paragraph, a, to the effect that 
in that section the word switch is 
to be construed as including a cir- 
cuit breaker that may be manually 
operated. | 

Rule 405 b in the 1923 edition has 
been expanded into two paragraphs, 
e and d, in the 1925 Code. The new 
Rule 405 d 2 reads: 


Where the switch and fuses are 
mounted in an approved cabinet havin 
no live parts or wiring exposed an 
capable of being sealed or locked, the 
switch blade may be omitted in any 
grounded conductor if other means is 
provided within the cabinet for discon- 
necting such conductor. 


Another new paragraph, j, reads: 


An automatic overload circuit break- 
er may be used in place of both service 
switch and fuse and when not subject 
to competent supervision shall be of a 
type specially approved for service 
conditions. 

New Rule 405 1 provides that for 
groups of buildings fed from one 
service or generating plant, a serv- 
ice switch shall not be required in 
the building served if the feed to 
that building is switched at the 
center of distribution. 

Under Section 504, a new para- 
graph, j, covers combination metal 
raceways which are designed to af- 
ford a convenient means of provid- 
ing the necessary outlets for both 
light and signal wires in office and 
similar buildings. 

Under Section 603, Flexible Cords, 
there is an important exception to 
paragraph c which reads: 

Exceptions: For Types PO, P and 
PWP with conductors of No. 18 gauge, 
the rubber insulation may be 1/64 in. 
in thickness. When Type PO cord has 


1/64-in. insulation its use shall be con- 
fined to portable lamp fixtures. 


This change will permit the use 
of armored reinforced cord, ordinary 
reinforced cord and weatherproof 
reinforced cord with a minimum in- 
sulation of 1/64 in. of rubber on 
each conductor, instead of the 
1/32-in. rubber insulation required 
by the old Code, and thus allow 
cords of considerably smaller di- 
mensions than were required by the 
previous rules, to be used. 

A slight change has been made in 


Rule 701 m covering the use of out- 


let boxes or plates. This rule pre- 
viously required the use of such out- 
let boxes or plates on conduit, metal 
raceways, armored cable and “con- 
cealed work.” The words knob- 
and-tube work” have been substi- 
tuted for “concealed work,” which 
expression has gone out of use in the 
Code. The new rule thus clears up 
the question of the requirement of 
outlet boxes on knob-and-tube work. 
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THE 1925 EDITION of the 
National Electrical Code, 
published by the National 
Board of Fire Underwriters, 
has been approved as an 
American Standard by the 
American Engineering Stand- 
ards Committee. The biennial 
revision of the Code was 
performed by the National 
Fire Protection Association 
as the sponsor organiza- 
tion through a sectional 
committee having 39 organi- 
zations represented in its 
membership, including sev- 
eral Federal, state and muni- 
cipal bodies, in addition to 
the various technical, indus- 
trial and commercial associa- 
tions concerned. In this arti- 
cle the more important 
changes which will appear in 
the 1925 Code and are of 
interest to industrial plant 
men, are enumerated and dis- 
cussed in detail. | 


—— 


A new rule, 802 a, limits the use of 
link fuses to capacities of more than 
300 amp. In other words, link fuses 
in capacities up to 300 amp: are pro- 
hibited, which is in line with the 
trend of development in fuses. 

A change in Section 805 e pro- 
vides that all cutout bases, circuit 
breakers and fused switches. except 
when located in approved rooms or 
fireproof electric closets, shall be 
enclosed in approved cabinets or 
cutout boxes, or be so designed, pro- 
tected, or located that live parts will 
not be exposed to accidental contact. 

In the rules covering general fuse 
protection, there appears a new 
Rule, 805 p, which reads: 

A fuse or trip coil shall be placed in 
every ungrounded wire of all grounded 
circuits, except as provided for branch 
circuits in Section 807 of this code. 

This new rule clears up a subject 
which has been the cause of much 
discussion. It is quite common on 
three-phase circuits to ground the 
neutral point of one transformer in 
order to obtain the lowest potential 
to ground. The old rule of the Code 
was sometimes interpreted to permit 
trip coils in two wires only, leaving 
one wire without protection against 
grounding, which was not the intent 
of the Code rule. The new rule will 
tend to clear up any misunderstand- 
ing on this point. 

Several changes have been made 
in the different paragraphs of Sec- 
tion 807, Fuses for Lighting and 
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Appliance Branch Circuits. For 
example, the terms, Branch Cir- 
cuit,” “Outlet,” and “Appliances” 
have been clearly defined in para- 
graph a, as follows: 


“Branch Circuit”—Branch circuit is 
that portion of a wiring system ex- 
tending beyond the final fuse or fuses 
protecting it. For particular applica- 
tions to motor branch circuits, refer- 
ence should be made to Section 808. 

10utlet An outlet is that fixed 
point on a branch circuit at which cur- 
rent is taken to supply fixtures and 
appliances. An outlet having a fixture 
with more than one socket attached 
shall be considered as one outlet. An 
outlet having a multipla receptacle in- 
stalled therein shali considered as 
one outlet. l 

“ Appliances”—Appliances are cur- 
rent-consuming devices for domestic or 
general commercial use, such as heat- 
ing, cooking and small motor-operated 
devices, etc., suitable for use on 15- 
amp. branch circuits. 


Section 807 b has been revised to 
read : 


All ungrounded wires of a branch 
circuit shall be protected by fuses or 
circuit breakers. When the grounded 
conductor is identified and properly 
connected, branch circuits shall be pro- 
tected by fuses in the ungrounded 
In locations where the 
conditions of unding or the liability 
of the reversal of connections warrant, 
the inspection department may require 
on systems having a grounded neutra 
or having one side grounded, that both 
wires of two-wire branch circuits shall 
be fused, even though the grounded 
conductor is identified, and properly 
connected. g 


It will be noted that when the 
grounded conductor is identified and 
properly connected, the neutral fuse 
must be omitted, although inspec- 
tion departments are given the au- 
thority to require double-pole fusing 
when conditions warrant it. 

A number of changes have been 
made in Section 808, Protection of 
Motor Circuits; thus paragraph a 
now reads:: 

The conductors of circuits supplying 
current to a single motor shall have a 
carrying capacity, according to Section 
610 of this Code, which is not less than 
110 per cent of the nameplate current 
rating of the motor. 

It will be noted that the qualify- 
ing clause, the actual size to be de- 
termined by the rating of the fuses 


wires only. 


or the setting of the circuit breaker 


or overload relay protecting them,” 

which appeared in the 1923 Code, 

has been omitted in the 1925 edition. 
Rule 808 b now reads: 


Each ungrounded conductor of a cir- 
cuit supplying current to motors shall 
be protected by a fuse or by a circuit 
breaker, except the conductors supply- 
ing current to a single motor an 
which are suitably protected from me- 
chanical injury shall be considered as 
sufficiently protected by the fuses or 
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circuit breakers next back on the line, 
if the carrying capacity of these con- 
ductors is at least one-third of that of 
the wires to which they are connected 
and their length to the motor protective 
devices does not exceed 25 ft. A fuse 
or circuit breaker shall not be placed 
in any permanently grounded con- 
ductor supplying current to motors, 
except that a circuit breaker with one 
pole in each conductor may be used 
provided the breaker is 80 designed 
that the pole in the grounded conductor 
cannot be opened without opening 
simultaneously all of the conductors or 
the circuit. 

This is interesting and important 
in that under certain conditions it 
permits the size of wire required 
for a single motor to be smaller 
than was allowed in the previous edi- 
tion of the Code. It comes about as 
a result of the rule allowing the wire 
to be overfused 300 per cent. Back 
of it is the fact that although the 
starting current of an alternating- 
current motor may exceed the allow- 
able carrying capacity of the wire, 
the length of time that this heavy 
current flows is so short that the 
heating effect may be neglected. 
Furthermore, the length of the 
motor circuit is limited to 25 ft. 

Rule 808 e has been revised to 
read: 

The wires in that portion of a motor 
circuit between a motor running pro- 
tective device which is shunted or cut 
out during the starting period and its 
motor shall be considered as sufficiently 
protected during the starting period if 
there is a fuse or circuit breaker back 
on the line which is rated or set at not 
more than 500 per cent of the name- 
plate rating of the motor. 

The 1923 Code required that the 
rating of the fuse or the setting of 
the circuit breaker should be not 
over 300 per cent of the motor name- 
plate current rating. 

In Section 811, paragraph a has 
been revised to permit heating ap- 
pliances each of 1,320 watts or less 
to be grouped on a special circuit 
protected by fuses of not more than 
15-amp. rating. Appliances of more 
than 1,820 watts total capacity must 
be supplied by a separate branch 
circuit. 

Paragraph b has been amended 
to provide that individual heating 
elements of electric heating appli- 
ances shall be fused if they are 
rated at more than 30 amp. 

Several revisions have been made 
in Section 901, Grounding. For ex- 
ample, in paragraph a, the word 
“objectionable” has been substituted 
for the word “appreciable.” Also, 
directions for eliminating the objec- 
tionable flow of current, in certain 
cases, have been added, as follows: 
Where an objectionable flow of 
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current over a grounding conductor 
occurs due to the use of multiple 
grounds, one or more of such 
grounds shall be abandoned or their 
locacions shall be changed. 
Paragraph e of Section 901 has 
been changed to require the use of 
ground pipe not less than % in. 
anvernat diameter. The 1923 Code 
called tor pipe not less than % in. 
external diameter. This paragraph 
further provides that driven pipe or 
rods shail be of only one piece when 
ot less than standard commercial 
length and shall be driven to a depth 
ot at least 8 ft., regardless of the 
size or number of rods or pipes used. 
Paragraph d of Section 902 has 
also been revised to cover more 
thoroughly the various types of 
grounding, especially three-phase 
systems with one phase grounded at 
the transformer and at the neutral 
point. This paragraph now reads: 
On single-phase alternating-current 
systems tne ground shall be made at 
each service on the lune side of the 
service switch before the service is con- 
nected to the line. On multiphase al- 
ternating- current systems the ground 
shall be made as described for single- 
phase systems if the grounded con- 
ductor of the multiphase supply sys- 
tem is brought to the premises tor 
rendering service. By permussion of 
the inspection department the ground- 


ing connection for either singie-phase 
or multiphase systems may pe made 


on or near the transformer or trans- 


formers, or by connection to a system 
ground wire. 

In Section 905, Grounding Con- 
ductors, paragraph a has been re- 
vised to permit the use of grounding 
conductors made of metals other 
than copper, which will not corrode 
excessively under the existing condi- 
tions. Heretofore the Code has re- 
quired that copper must be used. 

Rule 905 c has been changed to 
read as follows, the additions to the 
1923 Code rule being shown in 
italics: 

The insulation and installation of 
the grounding wire for circuits, when 
not protected by metallic piping, shall 
comply with all requirements of this 
code applying to wires of the voltage 
of the circuit to which the grounding 
wire is at ed. When a circuit 
grounding wire is installed in metallic 
piping and is bonded to tt at both ends, 
a bare copper conductor may be used. 

The additions shown in italics have 
also been made to paragraph 
905 d: Ground clamps and all 
grounding wires which are smaller 
than No. 4 in size shall be protected 
from ordinary mechanical injury by 
being placed where they are not 
liable to be damaged or by being en- 
closed in metal, wood or equivalent 
protective covering. 
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As revised, paragraph 905 g now 
reads: 


The grounding conductor for a di- 
rect- current system shall have a cur- 
rent capacity not less than that of the 
largest feeder of the same system 
leaving the station. In no case shall 
the grounding conductor be smaller 
than No. 8 


Paragraph 905 j has been ampli- 
fied and the size of the grounding 


pipe specified as shown by the fol- 
lowing table: 


Capacity of Nearest ; 


Cutout Protecting 
Conductors Size of Size 
in Conduit, Copper of 
Armored Cable, ire Ground- 
Metal Raceway, Grounding ing 
or Equipment Conductor Pipe 
0 to 100 amperes No. 10 3 in. 
101 to 200 amperes No. 6 % in. 
201 to 500 amperes No. 4 % in. 
Over 500 amperes No. 2 1 in. 


Paragraph m of Section 905 in 
the 1923 Code has been omitted. 

Under Section 1802 a new para- 
graph, g, has been added which 
reads: 


On switchboards where instruments, 
meters, or relays operate with windings 
or working parts, at a potential of 150 
volts or above to ground, the cases and 
other exposed bare metal parts of 
these devices insulated from the cur- 
rent-carrying pris shall be grounded 
unless isolated by elevation or pro- 
tected by suitable insulating barriers 
or guards or where inaccessible to 
other than qualified persons, in which 
case grounding is required only when 
the voltage exceeds 750. The ground- 
ing conductor shall be not less than 
No. 12. Where instruments, meters or 
relays are operated from current or 
potential instrument transformers, the 
cases and other exposed bare metal 
parts which are insulated from the 
current-carrying parts shall be 
grounded. The grounding conductor 
shall be not less than No. 12. If ex- 

sed to higher voltages through trans- 
ormer windings or otherwise, secon- 
dary circuits of current and potential 
transformers of less than 750 volts 
shall be isolated or grounded unless 
placed in grounded conduit or other 
suitable duct, or identified and guarded 
as required for. conductors of the 
highest voltage to which they are ex- 
posed. When a grounding conductor is 
used it shall be not smaller than the 
conductor of the secondary circuit. 


Section 1403, Installation of Fix- 
tures, has been amended to provide 
for grounding of fixtures. In part 
this section now reads: 


a. Straight electric fixtures shall be 
grounded except as described in 1 and 
2 below. * 

1. Fixtures mounted on metal ceilings 
or side walls, or on walls or ne 
containing metal lathing, shall be 
grounded or shall be insulated from 
their supports by approved insulating 
joints or by approved insulating fixture 
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supports, and canopy insulators shall 
be used. 

2. Fixtures in open wiring, knob- 
and-tube work or wooden raceways 
and not on metal ceilings or side walls 
nor on plaster walls or ceilings contain- 
ing metal lathing need be neither 
grounded nor insulated. 

b. Fixtures shall be considered as 
grounded when mechanically connected 
in a permanent and effective manner 
to metal conduit, armored cable or 
metal raceway systems, or to a sep- 
arate grounding wire not smaller than 
No. 14, or to gas piping which is 
grounded in the manner specified in 
Article 9 of this code. 

In the 1923 Code grounding of 
fixtures was optional. 

A change in Section 1404 a pro- 
vides that switch sockets shall be 
so constructed that the switching 
mechanism interrupts the electrical 
connection to the center contact, and 
shall not interrupt the connection to 
the screw shell unless the connection 
to the center contact is simultane- 
ously interrupted. This requirement 
will not become effective until Sep- 
tember 1, 1926. 

Several changes have been made 
in Section 5003, Wiring. For ex- 
ample, in paragraph a the 5,000-volt 
limit in the 1923 Code for wires in- 
stalled in or above buildings other 
than central stations, substations 
and transformer vaults, has been 
raised to 7,500 volts. Paragraph b 
has been revised to require that 
“Elsewhere than in central stations, 
substations and generator, trans- 
former, switching and motor rooms, 
all apparatus and wiring connected 
to circuits of more than 600 volts 
shall be completely enclosed by sub- 
stantial shields or casings,” etc. 

Paragraph d has likewise been 
amended and now specifies that else- 
where than in central stations, sub- 
stations, etc., all wiring of circuits 
of more than 600 volts shall consist 
of approved  multiple-conductor, 


grounded metal-sheathed cable in- 
closed in approved grounded conduit. 


Section 5008, Transformers in 
Furnace Rooms, in the 1923 Code 
has been made paragraph e of Sec- 
tion 5005 in the 1925 Code and Sec- 
tion 5008 now bears the heading, 
Static Condensers. The three para- 
graphs under this section read as 
follows: 


a. Static condensers of the type made 
up of small units, each of which con- 
tains less than three gallons of oil, 
may be installed in power houses or 
factory buildings if combustibles are 
kept well away from them. In rooms 
containing combustible dust or flying 
material, condensers shall be inclosed. 

Tf condensers are accessible to other 
than qualified persons a non-combustible 


grille or guard around them may be 
desirable. 
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b. Condensers which have all units 
in single tanks filled with oil shall be 
installed as required for transformers 
in Section 5005. 

c. For transformers used with static 
condensers, the requirements of section 
5005 shall be followed; provided, how- 
ever, that by permission of the inspec- 
tion department, oil-filled transformers 
intended for and used only with static- 
condenser installations and not subject 
to lightning disturbances may be in- 
stalled in rooms of non-combustible 
construction and occupancy. Such 
transformers shall be of sufficient ca- 
pacity to allow for ordinary rises in 
voltage; they shall be surrounded by 
concrete curbs not less than 6 inches 
high which form a basin of sufficient 
capacity to retain all the oil contained 
in the transformers; and be protected 
by an automatic overload circuit 
breaker (or other protective device 
and switch) set to operate at a current 
corresponding to not over 150 per cent 
of the rated capacity of the condenser. 


Repairing Motors 
and Armatures 


(Continued from page 528) 


with a well-organized crew and rea- 
sonable equipment, the plant repair 
shop can produce quicker and far 
better results than can be obtained 
from outside work. Also, the shop 
foreman is much better acquainted 
than a commercial repair shop could 
be with the particular problems in- 
volved, understands the conditions 
causing them, the requirements un- 
der which the motor will operate 
and is, therefore, better able to meet 
them. 

I have found that it requires 
considerable thought and study, as 
well as close attention to details with 
some kind of system for following 
up the work, to solve these problems 
and I doubt if the average commer- 
cial repair shop is willing, or could 
be expected to devote the necessary 
time in this connection. 

Armature removals for electrical 
trouble at our plant have shown a 
steady decrease, on an average, for 
the past 18 months and, while meg- 
ger tests of armatures on the job in 
January, 1924, showed an average of 
about 1 megohm, tests in the same 
department during January, 1925, 
showed, with one or two exceptions, 
infinity. 

These pertinent facts may be taken 
as a fair indication of the results 
attainable with this method of pro- 
cedure under extreme operating con- 
ditions. These results, and also the 
low cost of the work, convince us 
that the records, which we keep on 
all work, bear an important part in 
attaining the results, 


Things that plant men 
should know about the 
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Industrial Applications 
of Structural Slate 


together with money saving ideas in the use of slate, 
how the various finishes and surfaces are applied, 
and practical advice on handling and installing it 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


LATE is one of the compara- 
tively few materials that is 


not affected by moisture and 
corrosion, and in consequence it 
finds numerous uses around indus- 
trial plants. The use of slate for 
electrical purposes has been dis- 
cussed in an article entitled, “Slate 
as a Switchboard Material,“ which 
appeared in the June, 1925, issue of 
INDUSTRIAL ENGINEER. This use of 
slate, therefore, will not be covered 
in this article, except by some com- 
parisons in cases where other indus- 
trial uses are the same or differ from 
electrical uses. 
Structural slate is commonly used 
around industrial plants for shower 


. 


and toilet stalls, and other sanitary 
purposes, lavatories, tanks, sinks, 
vats, laboratory and other special 
purpose table and bench tops, for 
trench covers, shelves in packing 
plants, flagging, for instrument 
mountings, and, when given special 
finishes, for wainscoting, window 
sills, floors, stair treads and other 
purposes. 

Slate is a sedimentary product 
which was formed from clay under 
the action of extreme heat and pres- 
sure, due to convulsions in the crust 
of the earth. This original clay was 
compressed into layers which formed 
a rock with a natural cleavage which 
makes it possible to split the slate 
easily into layers. Slate is found in 
quarries in Pennsylvania, Vermont, 
Maine, and some other states, and 
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This shows a structural slate installation in 
the washroom of the National Lead Co., 
Chicago, Ill. The backing, tops and ends 
of the structure supporting the wash basins 
are made of slate, as are also the stalls in 
the back corner of the room. 


is quarried in much the same way 
as other stone. It is removed from 
the quarry in large blocks which are 
split along the natural grain into 
sheets of the required thickness, 
with sufficient allowance to be fin- 
ished off as desired. 

Slate in general is used for roof- 


ing, for miscellaneous purposes, 
which include its electrical 
applications, and for blackboards. 


Slate used for structural purposes 
is known as mill stock. Such slate 
must be of a fine, even grain and 
also must split or cleave smoothly 
so that it does not require an ex- 
cessive amount of working to finish 
the surface. In general, industrial 
slate comes under two classifica- 
tions: clear and “ribbon stock.” The 
highest grades of clear slate are 
used for blackboards and for elec- 
trical purposes. For these, as was 
explained in the previous article, it 
is necessary that the grain be clear 
and the slate be free from any im- 
purities which would cause it to be 
of poor electrical quality or to have 
natural defects which would not per- 
mit its use as a blackboard. 

Ribbon stock is so-called because 
of bands, called ribbons, which run 


November, 1925 


through the slate. These are caused 
by layers of clay containing min- 
eral deposits which appear as bands 
in the slate. However, ribbons in 
no way lessen the value of slate for 
most industrial work, except for 
mounting electrical equipment, and 
when the slate will be subjected to 
acids. The methods of finishing slate 
will be discussed later in the article. 


PHYSICAL CHARACTERISTICS OF 
STRUCTURAL SLATE 


One of the particular qualities of 
slate which accounts for its use as 
a construction material is that it is 
practically non-absorptive. Tests 
have shown that it will absorb less 
than 0.2 per cent of its weight when 
immersed in water for 24 hr. This 
makes slate very useful in wet 
places, and of particular importance 
in connection with problems of san- 
itation. Slate weighs approximate- 
ly 180 lb. per cubic foot. 

Although this material is not gen- 
erally used for purposes that require 
high compressive or tensile strength, 
tests show that it is stronger in both 
of these respects than are many 
other building materials. In addi- 
tion, slate has a high degree of 
toughness as well as considerable 
elasticity, which enables it to with- 
stand considerable stress without 
fracture. This quality is of partic- 
ular value in construction work. 

Another physical characteristic 
which is of considerable importance 
in industrial work is that slate has 
practically no expansion and so can 
be used for mounting instruments 
and for purposes which involve its 
subjection to heat or cold. Also 
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slate is relatively highly resistant to 
abrasion and so can be used for 
floors and stair treads. 

A factor of particular importance 
in the use of slate is the desire of 


MISCELLANEOUS construction 
work around the industrial plant 
calls for the use and installation of 
various materials with which the 
plant man may have had little ex- 
perience. Slate is one of these ma- 
terials which is widely used, but it 
is frequently installed when the 
plant is built. However, the in- 
dustrial plant man is required to 
make any changes and additions to 
the existing installations. Some of 
the industrial applications of slate, 
together with a discussion of its 
origin, the methods of preparing it 
for use, finishes, grades and sug- 
gestions on its use are given in the 
accompanying article. 


manufacturers to standardize on 
certain sizes for definite purposes, 
such as for showers, toilet enclo- 
sures and so on. In this way they 
can manufacture slate for storage 
and not have to wait for special or- 
ders before beginning production. A 
slate manufacturer does not devote 
all his efforts to one type of product. 
It is necessary that he manufacture 
all types of slate products as it is 
only in that way that he is able to 
use up the larger share of his pro- 
duction; even then, approximately 
75 per cent of the slate quarried is 
wasted. 

It is impossible to quarry slate 
and stock it to be worked up on or- 
der, because after slate is exposed to 
the air for a short time it hardens 
and does not split as evenly or easily 
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as when first quarried. Therefore, 
if users will purchase slabs of 
standardized size, they can profit 
by the economies which the manu- 
facturer can make in production. 
Otherwise the slate has to be quar- 
ried, cut and finished to suit each 
individual requirement. 

It is also to the user’s advantage 
to specify and accept ribbon stock 
whenever it is possible to use it. 
Ordinarily, even in the best quar- 
ries, only about 20 per cent of the 
slate is clear stock and as it is abso- 
lutely essential to use such stock for 
electrical purposes and for black- 
boards, its cost is from 25 to 30 per 
cent more than for ribbon stock. 
The ribbons have no bearing upon 
the strength or other physical prop- 
erties, other than electrical resist- 
ance, and as ribbon stock is so much 
more plentiful than the clear stock 
it is also cheaper and is, therefore, 
considered as standard for most pur- 
poses, unless clear slate stock is 
specifically required. 


SOME OF THE SPECIAL SURFACES 
AND FINISHES GIVEN TO SLATE 


A knowledge of various commer- 
cial finishes and surfaces in which 
slate may be obtained is useful in 
that this knowledge will insure prop- 
er selection of the surfaces and fin- 
ishes best adapted to and most eco- 
nomical for the purpose for which 
the slate is to be used. 

The term “sawed edge” indicates 
that the edge of the slab is left 
rough, showing the saw marks re- 
sulting from cutting the rough slab 
to the desired size. Sawed edges 
are confined to slabs up to 6 in. wide, 
which are particularly adapted to 
making window sills, edges of wall 
copings, straight nosing of outside 
steps, and concealed edges where no 
finish is required, and similar con- 
struction. If a sawed edge is not 
desired, the next choice of edge fin- 


ish is the standard sand-rubbed 
surface. 
The various surface finishes 


This two-compartment acid and 
washing tank is made of slate. 


The floor is also made of slate tile 
set in cencrete. Slate is not affected 
by most acids, has very little ex- 
pansion, and is not affected by heat 
or cold. This makes it a good ma- 
terial to use in the construction of 
tanks and vats. This is a two-com- 
partment tank; the sides are made 
of two pieces of slate which join at 
the division separator slab. Because 
slate does not expand or contract 
with changes in temperature, the 
cement does not work loose in the 
joints as might otherwise be the 
case. This illustration was taken of 
-a recent installation in the engrav- 
ing department of a Milwaukee, 
Wis., newspaper plant, 
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This is one method of constructing 
slate vats. 


Slate vats used in tanneries or other 
manufacturing establishments are, 


if of large capacity, usually con- 
structed as shown in the accom- 
anying drawing. The slabs vary 
n thickness from 1 in. up and the 
sides and ends are let into the bot- 
tom and into the sides. The sides 
project beyond the ends and long 
olts with nuts are used to make a 
rigid construction. In the construc- 
tion of smaller slate tanks the bot- 
tom and ends are let into the sides 
and set in waterproof cement. 


* 


which may be obtained will be dis- 
cussed in the order of their man- 
ufacture. Split-face surface is the 
surface left as the result of the first 
Splitting of the slate into the thick- 
ness desired and before the slate has 
gone to the planer. 
rough surface somewhat similar to 
a rough grain, although compara- 
tively even, straight, and true in 
plane. This is the surface gener- 
ally left on slate roofing and is also 
used in some cases for architectural 
effect, and for some outdoor uses of 
slate. 
also be specified where a smooth fin- 
ish is not necessary or where the 
surface is concealed, as in the back 
of wainscoting bases, blackboards, 
the underside of floor slabs and sim- 
ilar places. 

The next surface supplied is a 
“planed” surface, which is obtained 
by passing the split face of the slab 
through a planer. The plane marks 
show faintly and so this finish is 
cused for the back of switchboards 
and for the underside of stair 
treads, landings, risers, and wher- 
ever absolute uniformity of finish is 
not essential, but where a straight, 
smoothly planed surface is required 
without the roughness of the split 
face. The standard sand-rubbed 
finish, which is the next and most 
common finish used, is obtained by 
taking the slabs from the planing 
machine and placing them upon 
large revolving metal disks where 
they are rubbed smooth under the 
action of sand and water. The re- 


It is a fairly 


Split-face surfaces should 
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sult is a uniformly smooth, even sur- 
face, having a very slight grain or 
stipple. This is the standard sur- 
face supplied on slate for sanitary 
uses, as well as for wainscots, bases, 
stairs, flooring, tanks, vats and 
other purposes. 

The next and final surface, which 
may be obtained at an additional 
cost, is called “honed finish.” This 
can be applied to the surface of slate 
for any intended use, but in some 
cases it is not desirable and in 
others the increase in the cost over 
the standard sand-rubbed finish 
would not be justified. If it is de- 
sired, however, for any type of in- 
stallation where the sand-rubbed 
finish is standard, the honed finish 
can be furnished, but only when dis- 
tinctly called for and at an added 
expense. 

The honed finish is finer and 
smoother than the standard sand- 
rubbed finish, although the mistake 
is often made of confusing the two. 
This finish is produced after the 
sand rubbing by an additional hon- 
ing or polishing process. Both fin- 
ishes produce a similar, perfectly 
smooth polish, which is the nearest 
approach to a high gloss that can 
be given to slate. The honed finish 
is not a necessary or suitable finish 
to be given where the slate is to be 
subjected to the abrasive action 
which floors, stair treads, and 


te 
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An economical and effective type of 
construction for stalls. 


Here the lower back corners of the 
slate partitions are cut away 80 as 
to make it easier to clean around 
them by eliminating the corners, 
which are so difficult to get at. The 
legs on which these partition slabs 
stund are set about an inch into the 
concrete floor. The tops are held 
stationary at the upper corner by 
the pipe rail and fittings, as shown. 
This installation was made of rib- 
bon stock. The ribbons do not af- 
fect the usefulness and service- 
ability of the material except where 
it is subjected to acids or is used 
for electrical purposes. A sand- 
rubbed finish with an application of 
oil is the usual finish for such in- 
stallations as this. 
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One type of construction for shower 
stalls. 


In this t 
backs, ends, and partitions are con- 

d to the top of the floor slabs. 
Other and cheaper constructions are 
made by leaving off the front stiles 


or curb at the botto or both. The 
standard curb at the bottom is 6 in. 
high and the backs, ends, part tions. 
stiles, and curb are 1 in. thick. The, 
floor slab is 2 in. thick and slopes 
to a drain in the center of the siab. 
Frequently lead pans are used under 
this floor slab. These showers are 
made in a standard height of 6 ft. 
6 In., In two standard widths of 8 
ft. and 8 ft. 6 In., respectively, and 
a standard depth of 3 ft. 6 in. 


thresholds receive. It is applied 
only in special instances where a 
smooth finish is desirable or where 
it is standard for particular uses, 
such as for electrical panel boards 
and other special surfaces. 

In addition to the polished or fin 
ished surfaces which are ordinarily 
applied to the slate, there are nu- 
merous other finishes which may be 
applied as ordered. These are gen- 
erally known as enamel and marble- 
ized finishes. It is possible to give 
slate a black or white baked enamel 
finish and also special marbleized 
finishes which imitate most of the 
high-quality marbles. These, how- 
ever, are seldom used for industrial 
purposes. 

The larger part of the slate used 
for various industrial purposes has 
no finish other than the surface 
placed upon it by mechanical pro- 
cesses in the mill, such as the sand- 
rubbed or honed surfaces. Under 
ordinary wear and tear of erection, 
there should be no damage to the 
surface, due to the strength of the 
slate. After erection, therefore, no 
more mechanical work is necessary 
to finish the edges or faces, such as 
is often the case with softer and 
more decorative stone. When an in- 
stallation of slate is in place it is, 
however, customary to put some fin- 
ish on the surface which will not 
only clean the slate, but will bring 
out its color and make the slabs more 
uniform in appearance. One of the 
most common of these is known as 
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the oiled finish and is almost uni- 
versally used, except on enameled or 
marbleized slate, although other 
finishes may be applied. 

The oil finish is obtained by ap- 
plying raw linseed oil with a brush 
or cloth. The oil may be thinned 
with turpentine if it is desired to 
apply a lighter coat or it may have 
lamp black added which makes it 
black in color. This is the finish 
specified as standard in nearly all 
specifications. It does not show or- 
dinary dirt and if at any time it 
needs freshening, another light ap- 


plication of the oil or oil and lamp- 


black will bring back the finish. This 
finish is particularly effective on 
slate switchboards, as was men- 
tioned in the article in the June is- 
sue of INDUSTRIAL ENGINEER, and is 
particularly adapted for use on any 
installation that is subject to oil 
splashes. 

Oil finish should also be used on 
toilet or shower stalls and other san- 
itary installations, for wainscoting 
and, in general any industrial con- 
struction where slate is used for 
purposes other than its decorative 
effects. No finish, however, is ap- 
plied as a rule on stair treads, floors, 
exterior slate copings, walls, and 
so on. 

The black marine finish gives a 
moistureproof surface which has the 
peculiar quality of causing all water 
on it to evaporate quickly. It is a 
long-lasting finish of good appear- 
ance and is called for frequently in 
electrical specifications where there 
is danger of moisture. This finish 
is produced by applying amylacetate 


Here is another case where a slate 
floor and vats or tanks for acids 
are giving good service. 


The floor is made of sand-rubbed 
slate and the acid tanks have the 
same finish. Slate flooring is not 
affected by the acid that may be 
spilled on it 
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The stripes or bands in this slate 
are due to the “ribbons.” 


Slate was formed from cla 
posits under the influence of heat 
and pressure. Mineral deposits = 
the original clay show up as 
streak or ribbon in the Anished 
slate. These ribbons do not affect 
the value of slate for most indus- 
trial purposes; clear stock, et is, 
stock without ribbons, must, how- 
ever, be used for all electrical is 
stallations or where the slate is 
subjected to acids. 


de- 


lacquer, colored with black aniline 
dye, which makes the slate a jet 
black color. It may be used indus- 
trially instead of the oiled finish, 
but is more generally employed on 
electrical installations. 

Aside from the oil finish, the most 
common finishes used on installations 
of slate in industrial plants are pro- 
duced with paints or stains. One of 
the characteristics of slate is that 
stains and paints adhere to it very 
firmly. Therefore, it is possible to 
secure a variety of different effects 
by the use of stains or wax, which 
should be applied and rubbed in with 
a cloth. 

If any special tints or colors are 
desired upon slate stalls, partitions, 
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and so on, lead and oil paints may 
be used. This painted finish may be 
applied in the same way as on any 
metal or stone, although it is recom- 
mended that not less than three coats 
be used and preferably four. The 
best quality, pure white lead, linseed 
oil and tint should be used. Experi- 
ments have also shown that the Du- 
co lacquers, which are commonly 
used on automobiles, give very satis- 
factory results on slate. For most 
sanitary installations, the oil finish is 
used on all exposed surfaces. At 
should be remembered that these 
finishes are applied after the instal- 
lation is made, and on a sand-rubbed 
surface, which is the finish given to 
the slate by the manufacturer. Un- 
exposed surfaces are commonly left 
with a planed finish, although some- 
times, if set in concrete, are left 
with a split surface. 

When erecting any structural slate 
it is frequently necessary to drill 
extra holes. The need of this is 
minimized if standardized dimen- 
sional units are purchased as these 
are drilled by the manufacturer or, 
if sufficient planning ahead is done, 
all necessary holes are drilled ac- 
cording to the specifications given 
to the manufacturer. l 

Drilling a hole in slate, however, 
is not a difficult nor long job, if 
properly done. If an attempt is 
made to use a fairly large drill it 
will usually be difficult to drill 
straight through. It will invariably 
sheer off to one side, due to the hard 
veins in the slate. The surest way 
to get the hole where it is wanted is 
to first drill all the way through with 
a small drill, about % in. in diam- 
eter. This small hole will guide the 
large drill and allow it to cut faster, 
as its point has no obstruction to 
cut through. 

Drills for slate should be sharp. 
Use the small sizes in a small geared 
hand-drill and the sizes above 3% in. 
in a common carpenter’s brace. The 
small hand-drill should be worked 
very fast and under comparatively 
light pressure, but the larger drills 
should be worked slowly and with 
greater pressure. The drills will 
ther retain their sharp edge and will 
not neat, but will cut rapidly and 
cleanly. 

Drilling slate at high speed and 
attempting to cool the drills with 
water is not good practice as the 
drills will heat and lose their tem- 
per, and the slate dust will form into 
a thick mud almost at the start. 
Care should be taken to ease up on 

(Please turn to page 554) 
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UCH of the planning 
of future work and 
of changes that should be 
made in departments or in 
equipment, is frequently 
“carried in the head” of 


Let a Notebook 
Remember Things 
You Want to Do 


the operating man. 
good idea must wait until a department is closed down 


temporarily or a machine is out for repair. The man 
who relies wholly upon his memory to recall these 
good ideas will often find that he has not remembered 
them until too late, and the good idea must then be 
held over until the next opportunity. By that time it 
is, altogether too often, forgotten entirely. 

Operating men who keep and use notebooks, in which 
these new ideas are jotted down as they occur, find that 
by occasionally going over their list of “things to do,“ 
they can refresh their memories sufficiently so that 
the intention is very likely to become a reality when 
the opportunity offers. 

Keeping a notebook has the further advantage that 
ideas which, although they may appear to be excellent 
at first thought, do not stand up under the scrutiny of 
repeated readings, are more likely to be discarded 
rather than carried out—and regretted later. 


Ho 


ITH the approach of 

winter, shorter days 
make production increas- 
ingly dependent upon the 
lighting system. In spite 
of this undeniable and im- 
portant fact, more than half of a total of 390 typical 
industrial plants investigated were considered to be 
poorly lighted, according to a recent issue of Light, 
the monthly publication of the National Lamp Works 
of the General Electric Co. 

This investigation covered from three to over a 
hundred plants in each of 12 different industries and 
showed that 15 per cent were classed as well lighted, 
29 per cent as fairly lighted, and 56 per cent as poorly 
lighted. 


More Liglit 
Means 
More Production 
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What poor lighting is costing the average industrial 
plant, and the advantages which result when the light- 
ing system is improved, are also well shown in this 
same publication in the tabulation of the results of 
tests made on old and new lighting installations in 
nine different industrial plants. These tests showed 
that an average increase of 15.04 per cent in produc- 
tion was obtained when adequate lighting was pro- 
vided, at an average additional lighting cost of 1.96 per 
cent of the payroll. The lowest increase in production 
in the nine plants was 4.4 per cent at an additional 
cost of 0.6 per cent of the payroll, while the highest 
increase in production was 35 per cent at an additional 
lighting cost of 5 per cent of the payroll. These tests 
were made under actual operating conditions in facto- 
ries before and after an adequate lighting system was 
installed. 

In addition to the increase in production, gou 
lighting yields returns in the way of decreased accident 
hazards, reduced spoilage, less labor turnover, and 
other advantages which are difficult to reduce to a dol- 
lars-and-cents basis, but are of considerable conse- 
quence in industry. Where the advantages of an ade- 
quate lighting system and the comparatively low cost 
of installing it, are fully understood, there is little 
excuse for the 56 per cent of poorly lighted plants re- 
maining in the unenviable classification | in which they 
now stand.. 

It is not too late to check over the lighting system 
in your plant and put it in a higher classification if 
necessary. The increase in production may go a long 
way toward repaying the cost of better lighting before 
the winter is over. 

— 


HE superintendent in 

charge of a number of 
food products plants be- 
longing to one organiza- 
tion recently said that he 
had in several instances 
been able to increase production 25 per cent or more 
simply by cleaning up the plant and giving everything 
a fresh coat of paint. 

It might not be possible to duplicate these same 
results in every industrial plant, but concerning the 
value of painting up and cleaning up there can be no 
dispute. Many plants have found that good housekeep- 
ing pays large dividends; and, measured in terms of 
the payroll or value of the produci made, the cost is 
comparatively small. 

A clean, orderly plant means much more than the 
possibility of walking around freely, without danger of 
falling over materials and parts scattered over the 
floor. Cleanliness and orderliness strengthen the 
morale of the workers and tone up an organization in 
ways whose value is hard to estimate in dollars and 
cents. Taken by and large, workmen will do more and 
better work, equipment will be kept in better condi- 
tion, and the activities of the plant as a whole will 
be conducted on a higher plane of efficiency in a plant 
where housekeeping is properly organized than in one 
where this is not the case. 

Soap and water, and paint, do not cost much, either 
to purchase or to apply, but when they are used con- 
sistently they are an effective means of securing results 
that are hard to obtain in any other way. 


Put Broom and 
Paint Brush on 
Your Payroll 
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NASMUCH as the cold 


Have You Any weather season is al- 
Hard-to-Heat Spots most here, special attention 
in Y Plant? may well be given to those 
ur, OUT t; difficult-to-heat places 

around the plant. Nobody 


denies the need of heat at these places; the only diff- 
culty is in selecting the best method of heating. 

As a case in point, the electrical storeroom of a large 
steel plant was located at one end of a rolling mill 
building. It was difficult to use steam heat efficiently 
in this location; hence for several years a coke sala- 
mander was placed by the stock tender’s desk to warm 
him between trips after material. Of course, this was 
a serious fire hazard, but not until a small fire occurred 
did anyone think to build a small shanty in which were 
placed a few electric space heaters. This reduced the 
cost of the heat and eliminated the fire hazard. 

In a clock house at this same plant, a large amount 
of steam was used for heating the large room where 
the men punched their time cards. Investigation 
showed that heat was needed only to keep some of the 
clock house equipment from freezing. Space heaters 
were installed close to the equipment involved, and the 
steam was turned off from the clock house, at a saving 
that was well worth while. 

Unit air heaters properly placed often solve the 
problem of getting additional heat, during the coldest 
weather, in the central parts of repair shops and other 
buildings that have large open work spaces that must 
not be obstructed with steam coils or radiators. The 
difference between a warm and a cold repairman is 
often the difference between whether the equipment 
he is repairing does or does not stand up in service the 
way that it should. 

Each heating job must be considered by itself and 
carefully analyzed to determine what form of heating 
should be used. Plant men are always looking for 
nlaces to save kilowatts, steam power, and other forms 
of energy. Why not investigate the possibilities that 
may lie in the plant heating system? 


— — 


HE biennial revision 

of the National Elec- 
trical Code has recently 
been completed, and in the 
article beginning on page 
529 of this issue the most 
important changes of interest to industrial plant men 
have been outlined and briefly discussed. 

The Code, as it is familiarly called, was first drawn 
up in 1897 as a result of the united efforts of the vari- 
ous insurance, electrical, architectural and other or- 
ganizations which recognized the need, from various 
standpoints, including fire risk and personal injury 
hazards, for greater standardization in the installation 
of electrical equipment. In the compilation and fre- 
quent revisions of the Code, nation-wide sources of ex- 
perience and practice have been freely utilized, so that 
while inventive genius is encouraged and economy fos- 
tered, what is considered to be a suitable factor of 
safety is always retained. Largely as a result of ad- 
herence to Code rules, modern practice in the installa- 
tion and operation of electrical equipment reduces to a 
minimum the potential hazards incidental to the oper- 
ation and use of such equipment. 


Keep a Copy 


of the Code on 
Your Desk 
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Thorough knowledge of Code rules is a valuable asset 
to every executive who is concerned with the installa- 
tion or operation of electrical equipment, and may serve 
to prevent costly mistakes and regrettable accidents. 
Further, as a reference work the Code contains depend- 
able answers to many puzzling questions as to what is 
the safe procedure under given conditions. 

Copies of the National Electrical Code may be ob- 
tained from the National Board of Fire Underwriters, 
76 William St., New York, N. Y. 


ees 


OT many years ago 

the plant electrical 
department consisted of 
one man whose job was 
more or less of a part-time 
proposition. As the appli- 
cation of electric power to industrial processes became 
more varied and widespread, the part-time man became 
an electrician foreman with a gang of men, all of whom 
were considered as a part of the mechanical depart- 
ment of the plant. 

At the present time most of the medium-sized and 
larger industrial works have a separate electrical de- 
partment under the supervision of an electrical super- 
intendent. This man divides with the master mechanic 
or mechanical superintendent the responsibility for the 
selection, operation and maintenance of all power 
supply and power drive equipment, as well as the equip- 
ment for furnishing light, water, steam, heat, com- 
pressed air, and the like. This division of responsi- 
bility, however, has its disadvantages. As W. S. Hall, 
Electrical Engineer of the Illinois Steel Co., says in 
a recent issue of Iron and Steel Engineer: 


One Man Should Be 


Responsible for 
Plant Operation 


Experience has shown that where the control and motor 
are properly applied, electrical troubles which have de- 
veloped are generally caused by faulty mechanical design or 
maintenance in the apparatus which the motor drives. It 
is, therefore, of the utmost importance to have close co- 
operation between mechanical and electrical maintenance 
men. So important is this that considerable progress has 
been made toward developing men with both mechanical and 
electrical experience. The question of divided responsibility 
will always be present until such time as both mechanical 
and electrical supervision are under one man. This prac- 
tice is being adopted more and more, as fast as the experi- 
enced men can be developed, and it is felt that it is the only 
solution of the maintenance problem. 


This man will be a new type; he may be a mechanic- 
ally-trained electrical man, or possibly an electrically- 
trained mechanical man. He will be distinguished by 
various names; he may be known as a maintenance en- 
gineer; he may be called superintendent of maintenance 
or, as is the case in two large steel plants in Ohio, he 
may have the title of superintendent of mechanical and 
electrical departments. 

Whatever his title, he must be broad-gauged and able 
to give operating problems well-balanced consideration 
from all angles. He will not think of a power drive as 
being a control and a motor with a thingamajig on the 
end of it to connect it to the machine it drives, nor yet 
as a machine driven through a reduction gear and flex- 
ible coupling by an electrical contrivance that the other 
fellow can worry about. He will know the essential 
details about both the mechanical and electrical ele- 
ments of these drives, together with all the ins and outs 
of general nlant operation and maintenance. 

Are you fitting yourself to be that man in your plant? 
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a * 
Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
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n 2 ~ F 


Who Can Answer Crrel-Cage Motori Mavo as inp. 220. Answers Received 
These? Heiig Roe, SEE nin, ve; To Questions Asked 


have calculated the winding for the 
How to Make a Magnet Recharger— stator, but do not know how to Will Flexible 8 Reduce Gear 
reragnetizing col (or e This, eee squirrel-cage diger obtain the views « yore oft E read: 
cil iat 79 eo! 230 Salt Air ct- ing for the rotor. Can any reader ers the value of a flexibl e 
ar 8 1 Pall be. lad to "eat in give me some help in this matter in reve tin the. hock 2 a witration 
5 g y Oakland, Calif. B. B. e n 
garding dimensions of of gears from reaching the motor 


core, turns and size of wire, and so on, ee ò 8 armature and commutator. We have 
that other readers can give me. ; encountered some trouble from vibra- 
Somerset, Pa. G. G. F. Measurements uired for Bending tion and gear shock affecting com- 
Condult.— When ending conduit by mutators and I am wondering if flex- 
eo > © use of a mickey: what F mie coup nee between he motor ond 
shou e taken for making an offse e goar drive wou elp me in elim- 

How to Support a Mule Stand——We are so that I can bend several conduits inating this trouble. 


planning on a lineshaft installation in and have them match when placed Omaha, Neb. M. P. 

which | fe wu be . for me side by side? I find it hard to get ’ e 

anad dition cio t 55 ista li v t both sides the same on a double offset. Replying to M. P.’s question, I have 

an additional ene the side W W both sides reader teil me how I can used flexible couplings on all kinds of 

right angles along the side wall. tie make a good-looking Jo? of pending? drives, includi all and l 

stand but aome ae 3 85 nne Paes of a hickey on this kind of bending? ives, including small an arge cen- 

hed experience: with this. Novice (in If any readers have other devices or trifugal pumps operating at 1,750 
4 to th methods for making double bends and x. p. m.; also on geared hoists of 100 to 


other shops advise going the ex- 

VV. oftsets I should like very much to 300 hp. operating at 400 r. pm. and 
ing two lies to know the methods Worcester, Mass. R. s. T. having straight and herringbone gears, 

other readers have used in supporting oe „ „ with satisfactory results. Several 

such stands and lubricating the pul- have been in continuous service for nine 


leys and the results they obtained. f Turni Rotor on Split-Phase R 
This is a mill-construction building „ recently or 0n make re. years without any repairs. I have also 
te 


with a 216/16-in. main shaft and @ aire on some split-phase motors, and had good results in using cloth pinions 
1 16/16-in. shaft on the extension. it necessa to turn down the 8 : 
Milwaukee, Wis. R. C. A. . rotor. T wien some (made up under various trade names) 


reader would tell me what effect this for absorbing the shock on motor 


eee 9 would have on the motor character- shafts of small and large geared reci 
h eed and city? : P. 
proper Rabbitt for Armature Bearings Lao. can some reader tell me, acity? rocating pumps, deep well pumps and 


i would like to learn the experience d racter 
of other readers as to what kind of reverse the direction of rotation on other heavy equipment., The cha 


bearing metal they fnd to be most. sre Se tor 8 What is and conditions of load, with reference 
2 3 Se best eee tae eee of rotation on such motors? oe to speed and location of motor, would 
ature bearings of motors, which are Hood River, Ore. W be the deciding factor in favor of the 
geared direct to the driven machine? ee ee flexible coupling or silent pinion. 

ith what type of bearing mettures What Is Wrong with the Method of Re WILLIAM J. MILDON 
you ge e best results on armatures at Is Wro th the Met o = ° : 
that are direct-connected or belted to winding This Armaturet—I have a Supt. Power & Equipment, 


the driven machines? There are on Willey electric drill, serial No. 20063, Madeira Hill Coal Mining Co., 
the market a great many varieties of 110 volts, a. c., 6 amp., Type 4 U. C. 2, Philipsburg, Pa. 


bearing metal, including babbitt and which is manufactured by the James 2 6 „ „ 
various bronze alloys ang I sho ap, Glar kimature haa 1 aiota ang 32 bars 
a e armature has slots an ars, 
Pive me regarding the selection and and is wound with No. 23 cotton: cove Treating Winnen i 1 
application of such metal for use in ered enameled wire, using 13 turns other readers in treatin 7 å noe t 
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reflect 82 per cent of the light, green 
70 per cent, yellow 67 per cent, red 
20 per cent and blue 15 per cent. From 
these figures it is evident that blue 
would be the most desirable color for. 
a coating. 

The material should be one that is 
easily applied, will not rub off under 
ordinary conditions and yet can be 
easily removed if necessary. A product 
which meets these requirements is be- 
ing sold on the market today. 


Park Chemical Co., A. J. LODDER. 
Cincinnati, Ohio. 


Centacters Will Net Close on Low Voht- 
age.—We are having trouble with the 
contactors failing to close due to low 
voltage on one of our automatic con- 
trol panels. The panel is fed from a 
220-volt supply. hut when the voltage 
dropa conaiderably the operating coils 
of the contactors are not strong 

enough to close them. thereby leaving 
an open magnetic circuit which causes 
the coll to roast out. It is rather dif- 
ficult to provide the correct voltage at 
thia panel all of the time. Can any 
reader suggest aomething that I might 
do to the contactor coll that would 
enable it to take care of the low volt- 
age condition? 

Omaha, Neb. 


M. P. 

In answer to M. P., I would suggest 
that he try shortening the air gap of 
the contactors that will not close on 
low voltage. Quite often there is some 
means provided by the manufacturer 
for the adjustment of this gap be- 
tween the armature and the magnet 
core of the contactor. If there is, 
M. P. should find it and use it. 

In case no such provision has been 
made, a little ingenuity on his part 
should enable him to effect a reduction 
in this air gap so that the contactor 
will surely close on low voltage. This 
adjustment will, of course, make the 
contactor go in with quite a bit of 
force when the voltage is up to its full 
value. If this is objectionable it will 
be necessary to rewind the contactor 
coil, which is a job to be referred to 
the manufacturer. 
Gurney Elevator Co, J. M. WALSH. 
New York City. 
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Hew te Determine Horsepower ef a 
Shaft er Clutch.—Manufacturers of 
couplings, clutches and other trans- 
mission equipment rate their equip- 
ment in orsepower per 100 r. p. m. 
Thus a device that will transmit 
10 hp. at 100 r. p. m would transmit 
25 hp. at 250 r.p.m I understand 
clearly that the horsepower per r.p.m. 
is the same in both cases. However, it 
seems to me that the shock to both 
clutch and lineshaft caused by operat- 
ing a clutch at 260 r.p.m. would be so 
much greater than at 100 r.p.m. that a 
heavier clutch would be required. 

I should like to get the opinions of 
readers on this point. In particular I 
should like to know what allowances, 
if any, they make for clutches and 
other power transmission equipment 
1 3 at speeds higher than 

r 


Grand Rapids. Mich. E. E. H. 

Our experience in determining the 
rating of power transmission equip- 
ment, as asked by E. E. H., has been 
that over ordinary ranges of speed up 
to 350 to 400 r.p.m., on many drives, 
the element of shock does not enter far 
into the question of clutch selection, 
and that horsepower ratings are nearly 
proportional as far as securing results 
goes. 

However, the inertia and accelera- 
tion of a considerable amount of ma- 
chinery are important factors and 
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must be allowed for, in higher speed 
work, above 300 r.p.m., which may be 
what E. E. H. has in mind. I think 
most clutch makers append such a cau- 
tion to their tables and it is very neces- 
sary to take this into consideration, 
since the inertia of rotation of a line 
of shafting quadruples with double the 
speed. Due to the careless way some 
operators throw in clutches, something 
is likely to go at the higher speeds. 

Our clutch-driven machinery is all 
very heavy and our men are carefully 
trained to slip the clutches and pick 
up speed on the driven end before plug- 
ging them in. 

Where clutches are used frequently, 
that is several times a day or oftener, 
I would recommend using a clutch of 
one-third to one-half greater horse- 

ower rating, in order to give longer 
life with reasonable wear. 

I am sorry that I cannot give E. E. 
H. more definite figures, but our esti- 
mate of the horsepower on each clutch 
is pretty much of a guess, although 
it makes out fairly well, as far as 
service and lack of trouble go. 


Plant Engineer. H. D. FISHER. 
New Haven Pulp & Board Co., 
New Haven, Conn. 
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In regard to the question asked by 
E. E. H., there is some difference in 
the way manufacturers rate different 
kinds of transmission machinery, such 
as lineshafts, clutches, gear reductions, 
belt drives, bearings, flexible couplings, 
and so on. 

It makes little difference, however, 
whether such operating devices are 
rated in horsepower per 100 r.p.m. or 
in horsepower per r.pm. The main 
things to keep in mind are the normal 
and maximum horsepower to be trans- 
mitted by a given drive; the normal 
and maximum operating speeds for 
that drive; whether it is to be operated 
intermittently, for 8 to 10 hr. daily 
service, or for continuous service, 24 hr. 
per day; whether it is subject to any 
shocks and vibrations; the general na- 
ture of the installation; and what kind 
of operating attention it is likely to 
receive after it is installed. 

Much of the transmission machinery 
installed in the usual small machine 
shop drives, up to perhaps 25 hp. or 
50 hp., is for the purpose of transmit- 
ting relative motion rather than for 
any real or definite amount of power. 
The starting load or the occasional 
maximum power requirement may call 
for a certain motor size, yet in normal 
operation only half or even one-third 
of this power may be needed. If the 
shafts, bearings, pulleys, belts and 
clutches are adequate for the maximum 
requirement, it makes little difference 
whether they operate at 100 r.p.m. or 
250 r.p.m., the latter being somewhere 
near the average operating speed for 
such drives. 

It is usual practice to double the size 
of equipment for shock loading, such as 
when a gas engine is used rather than 
an electric motor, and of course some 
allowance should also be made because 
of the nature of the driven machines, 
such as whether they require a con- 
tinuous input of power or whether they 
are intermittently loaded, as in the 
case of punch presses, and so on. 
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Take, for example, the simplest kind 
of transmission machinery—a piece of 
shafting. Most manufacturers give the 


highest rating to a given shaft when 


it is used for the simple transmission 
of power without any bending strains 
or shocks; they recommend about two- 
thirds of this rating for lineshafts sub- 
ject to usual conditions of bearings 
about every 8 ft., and with pulleys giv- 
ing side strains or small bending mo- 
ments; however, they recommend only 
about 40 per cent of the first rating 
for headshafts, gearshafts and other 
shafts subject to heavy bending 
stresses. The capacity ratings of such 
transmission shafts are generally given 
from 50 r.p.m. up to 500 r.p.m. in the 
smaller sizes, the usual or average op- 
erating speeds being perhaps 200 r.p.m. 
The larger sizes are usually tabulated 
for operating speeds from 50 r.p.m. to 
200 r.p.m., not a very wide range. 

The shafts of electric motors are 
generally about seven times as power- 
ful as shafts for the simple transmis- 
sion of power without bending stresses. 
For example, 1% in. transmission 
shafts are rated for about 8 hp. per 
100 r.p.m., while a 74%-hp., 1,800-r.p.m. 
(or 5-hp., 1.200-r.p.m.) motor shaft is 
generally about 1% in. in diameter. 
This is at the rate of only 0.4 hp. per 
100 r.p.m.; 8 divided by 0.4 gives an 
additional safety factor of over 7. 
Larger motor shafts are generally re- 
quired to give the necessary rigidity 
to the drive, to provide adequate area 
for the bearings, and to take care of 
shocks and bending moments where 
pulleys, gears or chain sprockets are 
mounted directly on the end of the 
motor shaft. 

The crank shafts of Diesel engines 
are proportionately somewhat larger 
than motor shafts because of the shock 
loading and heavy bending stresses, 
even for the same average torque 
rating. 

It will be seen, therefore, that there 
are conditions even as important, if 
not more important, than the matter 
of operating speeds that govern the 
size of as simple a piece of equipment 
as a shaft is generally considered. 

When it comes to the question of 
capacity in relation to operating de- 
vices such as flexible couplings for 
direct-connected and geared drives, the 
basic calculation for size is made upon 
the torque capacity of the coupling. 
One must also consider the operating 
speed, whether the coupling is going 
to operate at perhaps 10 or 50 r.p.m. 
on the low-speed side of a reducer 
drive, or whether it is going to operate 
at perhaps 600 or 1,800 r.p.m. on a 
motor drive, or perhaps 3,600 r.p.m. on 
a turbine. One must also consider the 
nature of the connected machines, such 
as whether the loading is smooth and 
not subject to shocks and vibrations, 
as a motor-driven contrifugal pump; 
or whether the coupling is subject to 
heavy and continuous shocks and pulsa- 
tions, for example, when a Diesel or 
internal combustion engine is directly 
connected to an ammonia compressor. 

The range of direct-connected and 
geared drives, where a flexible coupling 
can be economically employed to in- 
sure against operating troubles due to 
accidental shaft misalignments, is very 
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great. In our catalog ratings of 
Francke flexible couplings we list the 
theoretical ratings to give certain mate- 
rial stresses and certain bearing pres- 
sures which we have found by calcula- 
tion and by years of experience to be 
correct for maximum conditions on ab- 
solutely smooth torque drives. By a 
system of Service“ or “Operating 
Factors,” we reduce these capacity 
ratings by an amount sufficient to take 
care of the usual peak overloads, to 
take care of shocks and vibrations, and 
to take care of the usual operating con- 
ditions incidental to motor, turbine and 
engine drives when these are connected 
to many different kinds of ultimately 
driven machines. The use of the proper 
service factor is just as important as 
the basic calculation of machine horse- 
power rating in relation to the operat- 
ing speed. 

We do make some allowance for the 
operating speeds, as for instance in 
the case of rubber mill drives where 
ve use a Service Factor of 4 to insure 
a coupling of sufficient size to provide 
both strength and wearing qualities to 
last many years for the high-speed 
coupling to transmit perhaps 200 hp. 
normal and 400 hp. maximum at 600 
r.p.m. from the motor to the pinion 
shaft. However, another coupling is 
usually used between the slow-speed 
gearshaft to connect it to the mill- 
shaft. This usually transmits from 200 
to 400 hp. and operates at only 80 or 
90 r.p.m. Depending upon the number of 
mills taking power from this millshaft, 
we employ a Service Factor as low as 
2 to determine the size of the low-speed 
coupling. This provides a coupling 
powerful enough for the maximum 
peak load or torque conditions. It also 
provides a coupling with wearing quali- 
ties adequate to operate at 80 r. p. m., 
whereas the high-speed coupling prob- 
ably will be subject to less wear and 
less misalignment stress at each revo- 
lution, but, however, it makes perhaps 
six to ten revolutions to every one 
made by the low-speed coupling. 

It will be seen, therefore, that while 
we list the capacities of our couplings 
at 100 r. p.m., the Service Factors em- 
ployed take into account the usual 
operating speeds for the different kinds 
of operating machines, as well as the 
nature of the loading, and other oper- 
ating conditions, just as important as 
the operating speed. These factors 
are the result of operating experience 
rather than theory alone, and it is 
always our endeavor to obtain full 
specifications of the drive for each 
coupling so that we can employ that 
experience to insure the correct size 
and type of coupling for each particu- 
lar drive. The same is true of practi- 
cally all other well-established manu- 
factures of power transmission equip- 
ment. 


Smith & Serrell, 
Newark, N. J. 


JOHN J. SERRELL. 
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In answer to E. E. H.’s question, 
couplings, clutches and other transmis- 
sion equipment are designed on a basis 
which allows 200 to 300 per cent 
greater starting torque than the re- 
quired running torque, plus a factor 
of safety for the mechanical elements. 
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There are two types of loads which 
must be considered: machine duty, or 
constant torque, where the torque re- 
quired is constant for all speeds; and 
what might be termed fan duty, where 
the torque required varies with the 
speed. Machine tools, reciprocating air 
compressors, pumps, printing presses 
and so on are of the first constant- 
torque type, and centrifugal pumps, 
blowers, fans, and so on, belong to the 
second type. 

Let us assume an example: A group 
of machines is driven from a lineshaft 
and this shaft is to be coupled at one 
end to another section of shaft by 
means of a rigid or flexible coupling or 
clutch. Assume that 10 hp. are re- 
quired to drive the first section at a 
shaft speed of 100 r.p.m. A coupling 
or clutch rated at 10 hp. at 100 r.p.m. 
will transmit the required running 
torque and take care of the greater 
starting torque which is due to the 
static load. Let us then assume that 
the speed of the shaft is to be increased 


‘to 200 r.p.m. with all other conditions 


unchanged. In the first case a 10-hp. 
motor was used, but changing the 
speed of the driving lineshaft now re- 
quires a 20-hp. motor. The question is, 
what about the coupling or clutch? 
This will not need to be changed, be- 
cause of the nature of the load, which 
requires constant torque, and only the 
speed is changed, since no greater 
starting or running torque is required, 
as shown from the following equation: 
Horsepower==(T XD) 33, 000 
Where T= torque in pounds, and D= 
distance traveled in ft. per min. 

By comparing the first case, in which 
the shaft turns at 100 r. p. m., with the 
second, where it turns at 200 r. p. m., 
it will be observed that since the 
torque T remains the same for both 
cases and D is twice as great in the 
second case as in the first, the horse- 
power is double in the second case, as 
indicated by the following: 

2XHp.—=(TX2D) 33, 000 

However, if there is no change in 
speed but if another section of shaft 
is added or a greater number of ma- 
chines are driven from the same shaft, 
equal to an additional 10 hp. torque 
load, then the coupling or clutch 
would necessarily have to be changed 
as the torque T is twice as great, the 
speed remaining 100 r. p. m., as noted 
from the equation: 

2X Hp. (2T XD) 33, 000 

It should be noted that in the above 
equation 2 Hp. does not mean two 
horsepower, but means that the horse- 
power is multiplied by two. Also, that 
for the same horsepower different size 
couplings or clutches must be used, 
depending upon the speed. 

Another point to be considered in 
the selection of a proper coupling or 
clutch is the load factor, which de- 
pends upon the kind of service and 
nature of the load, and is considered in 
designing power transmitting equip- 
ment. Load factors vary from 1 on 
steam-turbine-driven generators to 4on 
gas- or oil-engine-driven mine hoists. 

For example: Suppose a coupling is 
required for an air compressor driven 
by a 40-hp., direct-connected steam en- 
gine at 200 r.p.m. The horsepower 
rating of the coupling is based on 
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100 r.p.m.; this basic rating is deter- 
mined as follows: (40100) 200220 
hp. per 100 r.pm. A table of load 
factors, such as is given by the 
manufacturer of couplings in his cata- 
log, shows that for air compressors 
driven by a steam engine the load fac- 
tor is 3. Then multiplying, 20 K 3260, 
which is the horsepower rating re- 
quired at the equivalent speed of 100 
r.p.m. A coupling of this rating is 
chosen. E. H. LAABS. 
Engineering Department. 


The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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The following discussion will, I be- 
lieve, help to answer E. E. H.’s ques- 
tion on the rating of power transmis- 
sion equipment. The formula for horse- 
power transmitted is: 

Hp. (PM Nd R) 33, 000, 
where P=—torque or pull; 3.1416; 
d diameter; R—revolutions per min- 
ute. In this formula the quantities, 
d- 33,000, are constant for a given 
diameter of pulley; therefore, the 
horsepower will vary as PR. Now, if a 
clutch always exerts a pull P at the 
pulley rim then P is a constant, too, 
and as far as the formula is concerned 
the horsepower varies directly as R 
(the revolutions per minute). This 
reasoning applies particularly to a 
clutch which is engaged standing still; 
when the shaft revolves 100, 250, or 
500 revolutions it is evident that, if no 
slip occurs, the horsepower will be 
proportional and, as in the example 
quoted, the horsepower will be 10, 25, 
or 50 hp. respectively per 100, 250, or 
500 revolutions. 

However, in starting, the friction of 
rest (caused by metallic bearing con- 
tact without proper oil films or by the 
adhesion of belts) must be considered, 
together with the inertia of the com- 
plete mass which must be set in mo- 
tion. These two resistances may be 
considerable and in some cases may 
demand a clutch pull much heavier 
than is ever called for after the shaft 
is up to speed. 

If the same shaft, bearings, pulleys 
and belts are set in motion at 100 r. p. m. 
and then again at 250 r. p. m. and then 
again at 500 r. p. m., it is obvious that 
the same clutch pull is required at the 
moment of starting in all three cases. 
Therefore it would seem that the same 
clutch is all that is required. Of course, 
the clutch must not grab the load sud- 
denly like a positive jaw clutch. That 
would mean disaster at almost any 
speed and certainly a worse disaster at 
the higher speeds. Heavy inertia loads 
like large fly wheels must be started 
and brought up to speed gradually. To 
do this, a friction clutch must be 
thrown in little by little until it is 
finally locked in engagement. 

Starting an automobile slowly is a 
typical example of slow clutch engage- 
ment in order to overcome the friction 
of rest and the inertia of the mass. 
The heavier the Joad the slower must 
the automobile start to move. How- 
ever, here the analogy ceases, because 
the automobile engine has a quite 
definite power pull and if the resist- 
ance met is too much the clutch must 
slip or the engine is stalled. In power 
transmission, on the other hand, there 


November, 1925 


is usually a surplus of power pull and 
the result is more likely to be a de- 
structive slipping of the clutch or 
something must break. The automo- 
bile clutch has a fixed spring pressure 
against the friction members which 
compensates for wear, while the power 
transmission clutch is toggle-locked, 
when engaged, and there is no com- 
pensation for wear except by a new 
setting of the friction surfaces. The 
latter clutch, therefore, has a fixed pull 
between the friction members only 
when in the locked position. 

The. answer to this practical ques- 
tion lies in the ability of the power 
transmission clutch to slip when re- 
quired and yet not have enough de- 
structive wear on the soft friction sur- 
faces to prevent repetitions of engage- 
ment. Hardwood or some form of 
firm asbestos brake lining are usually 
employed for the soft friction surface, 
although aluminum and copper are 
sometimes used in shafting clutches. 

Test of clutches on a prony brake 
always indicates the development of 
heat in starting under load. The 
higher the relative speed of the two 
members of the clutch the greater the 
heat produced. If the time of engag- 
ing the clutch is prolonged, in order to 
start the load, and the speed is high, 
then inevitably the heat chars the soft 
friction surfaces and destroys the pull- 
ing power of the clutch. In such cases 
it may be found that when the clutch 
is fully engaged it has no longer suf- 
ficient grip to pull the load. It must 
then be readjusted; too frequent clutch 
adjustment is annoying. The obvious 
procedure then is to use a larger clutch 
with larger friction surfaces to reduce 
the wear and the frequency of adjust- 
ment. This can often be done with 
satisfactory results, but not always. It 
happens that as the clutch becomes 
larger in diameter the friction surfaces 
are also farther out from the shaft 
and their relative speed is actually in- 
creased; the effect, therefore, of larger 
clutches for higher speeds is more or 
less neutralized. 

The judgment of experience seems 
to be the only guide in proportioning 
the clutch size to the speed. 

Chief Engineer, HARRY J. SMITH. 


The Hill Clutch Machine & Foundry Co., 
Cleveland. Ohio. 
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Dees Change in Transformer Connec- 
tions Affect Rated Capacityt—I have 
three 100-kva.. single-phase, 2,200-110- 
volt transformers, which I intend to 
connect in a bank to deliver three- 
phase power at 110 volts. If a delta- 
delta connection is used to connect 
the bank, what power capacity can I 
get from the transformers? Will I 
get the same power Capaci from a 
star-star connection? shall appre- 
ciate any information that readers can 
give me on this question. waT 


elluride, Colo. 

Answering the question by T. H. C., 
it may be said that he has no choice 
of connections to use other than that 
which will give rated voltage on each 
transformer. 

As the rated voltage of the trans- 
formers is given as 2.200/110 a delta- 
delta connection should be used if the 
primary voltage is 2,200 volts; this will 
apply 2,200 volts to each transformer. 
If the primary voltage is 3.800 volts 
a star-delta connection should be used 
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which will give 3,800+1.73 or approxi- 
mately 2,200 volts applied to each 
transformer. It may be mentioned 
that any increase or decrease in pri- 
mary voltage will directly affect the 
secondary voltage, in this case by the 
ratio of 20 to 1. 


Denver, Colo. JOHN E. HOLTMAN. 
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In his question, T. H. C. did not men- 
tion the voltage to which he intends to 
connect the transformer bank. Assum- 
ing that the voltage of the service to 
which the transformers are to be con- 
nected is 2,200 volts, the capacity of 
the bank connected delta-delta equals 
phase voltage phase currentX3. With 
this connection the phase voltage and 
line voltage are equal and the full- 
load phase current of a 100-kva. trans- 
former will be 45.5 amp. Hence, the 
output of the transformer bank will 
be 2, 200 K 45.5 X8=800 kva. 

With the star-star connection, the 
phase voltage or voltage impressed 
across the transformer primaries is 
line voltage - V3, while the phase cur- 
rent equals the line current equals 45.5 
amp. Hence, the full-load output of the 
transformers with a star-star connec- 
tion on a 2,200-volt supply will be 
(2,200 -N) XK 45.5 K 32173 kva. 

I hope that this will give T. H. C. 
all the information necessary. 

Chicago, III. A. NoE PEI. 
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In answer to T. H. C., changes in 
connections of the three 100-kva., sin- 
gle-phase, 2,200/110-volt transformers, 
would not alter the capacity of the 
transformers as long as they are op- 
erated at the voltage for which they 
are designed. The 220-volt primary 
coils of a 100-kva. transformer will 
carry 45.5 amp. at full load. With the 
three transformers connected delta- 
delta on a 2,200-volt system, the pri- 
mary coils of each transformer will be 
carrying 45.5 amp., the line cur- 
rent will be 78 amp. or 1.73 times the 
current in the primary coils, and the 
output of the bank of three transform- 
ers will be 300 kva. If these trans- 
formers were connected star-star to a 
2.200-volt system, the voltage across 
the primary side of each transformer 
would be 2,200--1.78 or 1,271 volts. 
With each transformer carrying full- 
load current of 45.5 amp. the output of 
each transformer would be 1.271 X 45.5 
=58 kva., and the capacity of the bank 
would be only 3 582174 kva. 5 

The usual conditions under which 
2.200/110-volt transformers are con- 
nected in star. world be with a line 
voltage of 3.800 volts and the trans- 
formers connected star-delta. In this 
case each transformer would have 2,200 
volts across its primary and with 45.5 
amp. primary current would be carry- 
ing a load of 2.200X45.5=100 kva. The 
output of the bank would be 3X100= 
300 kva., and with the secondary side 
connected in delta, the secondary volt- 
age would be 110 volts. since the trans- 
former voltage ratio is 2.200/110 volts. 

The use of 2,200/110-volt transform- 
ers in this way has usually come about 
throuch an increase in line voltage 
from 2.200 to 3.800 volts. This gives the 
utility company increased line capacity 
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at small expense, since the same trans- 
formers can be used. The generators 
may be so arranged that the ends of 
each phase winding are brought out 
giving six terminals; hence the wind- 
ings may be connected in either delta 
or star. If in delta, the terminal volt- 
age will be 2,200 volts; if in star, 
3,800 volts. If the utility company’s 
lines are operating at 2,200 volts, three- 
phase, three-wire, and it is desired to 
increase the line voltage to 3,800 volts, 
the generator windings are reconnected 
in star and usually the common point 
of the star is grounded and is also 
connected to a fourth wire, giving a 
three-phase, four-wire system. The 
voltage between the first three wires is 
then 3,800 volts and the voltage be- 
tween any one of these and the fourth 
wire is 2,200 volts. The primary sides 
of all of the transformer banks are 
then reconnected in star and will oper- 
ate with a line voltage of 3,800 volts 
and will have 2,200 volts impressed 
across the primary of each trans- 
former. With the secondary connected 
in delta, 110 secondary volts will be 
obtained. The fourth wire with any 
one of the others provides a 2,200-volt 
primary supply for the single-phase 
lighting transformers, which can be 
balanced across the three phases. 

If T. H. C.’s primary voltage is 2,200 
volts, his transformers should be con- 
nected, delta-delta to give 300 kva. 
with a secondary voltage of 110 volts. 
The transformers should be connected 
star-delta if his line voltage is 3,800 
volts and should not be connected star- 
star in any case if it is desired to oper- 
ate them at their rated capacity of 
300 kva., with a secondary voltage of 
110 volts. If the star-star connection 
were used under these conditions, the 
secondary voltage would be 110X1.73 
=190 volts, which is a higher second- 
ary voltage than would be desired for 
a 110-volt secondary circuit. an 
East Cleveland, Ohio. L. J. JOHNSON.’ | 
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Method of Clenning Motor Winding— 
What is the best method of cleaning 
motors that are ofl-soaked and dirty? 
Can they be washed in gasoline and 
baked out in a bake oven to any ad- 
vantage? What is the best method of 
handling the gasoline? Should the 
armatures be dipped in a trough con- 
taining gasoline, or should they be 
wiped with a gasoline-soaked rag? I 
would greatly appreciate hearing of 
any other methods used by readers 
for cleaning oil-soaked windings, as 
well as the results obtained by using 
gasoline for cleaning. 

Chicago, III. R. W. A. 

With reference to R. W. A.’s ques- 
tion, machines that are dirty and dusty. 
but not oily, may be readily cleaned 
with dry compressed air. In using 
compressed air, be careful not to direct 
the air stream into the oil-wells or you 
are likelv to have oil sprayed all over 
the windings. ; 

If the machine is oily and dusty, it 
should be disassembled. the windings 
scraped with tools which have no cut- 
ting edges, and then washed with gaso- 
line or navhtha, using stiff bristle 
brushes. If you have a nozzle arranged 
for air and naphtha, similar to those 
used for spraying paint. you can use 
it to advantage. In all cases when 
using compressed air, direct the stream 
so that material will not be blown into 
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any crevices in and around the winding. 

Remember that this work should be 
done in a well-ventilated room. Keep 
away from flames or fire. Do not apply 
any dielectric tests until you are 
sure that the gasoline has entirely 


evaporated. C. N. SHAFER. . 
Supt. Service Division, , 
The Lincoln Electric Co., 

Cleveland, Ohio. 
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With reference to R. W. A.’s ques- 
tion, a method that I have found very 
satisfactory is to squirt a stream of 
gasoline from a blow torch into the 
windings. When applied in this way 
the gasoline penetrates the small spaces 
that you cannot get into with a rag. 
At the same time the windings are not 
soaked, as is the case when they are 
dipped in gasoline. When cleaned in 
this way,, I think that a motor will 
dry out enough in a few hours to be 
put back into service without baking. 
Louisville, Ky. WILLIAM F. GARCIN. 
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Answering R. W. A.’s question re- 
garding the care of motors, the prevail- 
ing practice at U. S. Nitrate Plant No. 
2, where there are some 600 motors, 
ranging from 400 hp. down, to be kept 
in first-class condition, is to remove 
the rotor and then clean off all rust 
from metal parts. We use a gasoline 
spray to clean all parts thoroughly, 
and when they are dry we apply a 
good grade of air-drying insulating 
varnish. This varnish is applied with 
the same spray as is used for the gaso- 
line, and by using about 60 lb. per 
sq. in. air pressure, all surfaces are 
reached. 

In cases where motors are affected 
by dampness it is well to apply one 
coat of Ozite, a pothead compound 
made by Standard Underground Cable 
Co., Pittsburgh, Pa. This is prepared 
by first heating to a liquid state and 
adding sufficient gasoline to make it 
easily applied with brush. The gaso- 
line will evaporate, leaving a good coat- 
ing of damp-proof insulation. It is 
best to apply this when warm. 

The spray used is a home-made af- 
fair, in which the materials to be ap- 
plied are syphoned into the head and 
thereby broken up by the air. The 
density of the spray is controlled by 
a valve in the suction line. 


Plant Engineer. J. F. GORDON. 
U. S. Nitrate Plant No. 2, 
Muscle Shoals, Ala. 
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Replying to R. W. A., regarding 
method of cleaning motor windings, I 
have got excellent results by using 
gasoline and compressed air, at about 
60 lb. pressure. For this purpose a 
small tank will be best, since in some 
cases the motors are in inaccessible 
places or on the side of a wall, and 
an outfit that can be carried easily is 
necessary. An old Presto-Lite tank can 
be used, if one is available. Fit the 
tank with a small pipe extending from 
the outlet to within about an inch of 
the bottom, on the inside. The outer 
end of this pipe should be provided 
with a valve and a hose connection. 

Another piece of pipe should be 
screwed into the top of the tank and 
likewise provided with an air valve and 
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hose connection for connecting to the 
air line. 

When the tank is ready fill it about 
two-thirds full of gasoline and con- 
nect the short pipe (the one that just 
goes through the top of the tank) to 
an air line of about 60 lb. pressure 
per sq. in. When the air is turned on 
it will cause a fine spray of gasoline 
to be forced up through the long pipe. 
By means of a short piece of hose 
this spray can be directed to any part 
of the winding, and the dirt and oil 
will soon be loosened and blown out 
without harm to the winding, as the 
gasoline will soon evaporate. No oven 
will be needed to dry S motor. 


Service Dept. . V. MILLER. 
Westinghouse Elec. & Mfg. Co., 
Indianapolis, Ind. 
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Will These Watt-hour Meters Read 
‘ Altke?—The diagram shows a pro- 
posed method of connecting watt-hour 
meters on the primary and secondary 
sides of a bank of transformers con- 
nected delta-star. As shown, the meter 
measuring the high-tension power re- 


ceives its current from current trans- 
formers in the lines supplying the 
delta-connected primary, while the 
potenia supplied is the low-tension 
ine voltage. he low-tension watt- 
hour meter is connected in the usual 
manner. I should like to know if this 
connection for No. 1 meter will work 
satisfactorily. Also. if we disregard 
the copper and iron losses in the trans- 
formers will there be any difference 
in the records of the two meters at 
unity power factor, and at 85 per cent, 
70 per cent and 45 per cent lagging 
ower factor, assuming that the load 
s always balanced? 

Longview, Wash. J. C. R. C. 


Referring to J. C. R. C.’s question 
in a recent issue, I would not rec- 
ommend the watt-hour meter connec- 
tions shown in the diagram. The prin- 
cipal reason for installing watt-hour 
meters in both the primary and sec- 
ondary sides of a’ transformer bank 
would be to determine the power loss 
in the transformers themselves. The 
greater portion of this loss is due to 
voltage drop in the windings caused 
by resistance, hysteresis, and eddy 
currents. In order to have these losses 
included in the reading of the supply 
meter it would be necessary to have 
the potential coils of this meter ener- 
gized at the primary side. 

The hysteresis loss and the reactance 
of the coils produce a reactance com- 
ponent in the impedance of the wind- 
ings, which results in the voltage in- 
duced in the secondary being slightly 
out of phase with that in the primary. 
This phase angle is much greater in 
power transformers than in instrument 
transformers. Jt also varies with the 
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power factor of. the load, as do the 
copper and leakage losses. Therefore, 
there would be a variation in the read- 
ings of the two meters with every 
change in power factor, in addition to 
the error from the first- mentioned 
cause. 

However, the two meters could not 
be made to check even if properly con- 
nected, as meter No. 1 includes the 
transformer losses, which are variable. 
The connections illustrated would give 
correct rotation, providing the trans- 
formers were additive polarity. Other- 
wise the potential or current connec- 
tions at meter No. 1 should be reversed. 


Chief Electrician, LYLE HENDRICKS. 
Pickands, Mather & Co., 
Hibbing, Minn. 


Referring to the question by J. C. 
R. C. in a recent issue, this connec- 
tion will not be satisfactory for No. 1 
meter. 

Taking the diagram just as it is now, 
the current transformer on the left leg 
of the high-tension side should be 
changed to the center leg, thus placing 
current and potential of the same phase 
on the lower element of No. 1 meter. 
Now, assuming that the meters are 
properly calibrated, the two meters will 
read exactly alike which, of course, is 
incorrect, as both meters will be reg- 
istering the output on account of the 
potential transformers being on the low 
tension side. 

The best thing to do in this case is 
to use a separate pair of potential 
transformers on the high-tension side; 
then the input will be metered on No. 
1, and the output on No. 2. 

Under these conditions, the difference 
in the readings will be the transformer 
losses only, as the varying power fac- 
tor, being purely a load condition, will 
affect both meters alike. 

Detroit, Mich. J. J. CONWAY. 
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Answering the question by J. C. R. C. 
in a recent issue, the metering ar- 
rangement which he shows is incorrect. 
It is evidently desired to eliminate the 
use of 120 to 1 potential transformers 
for meter No. 1. I believe it will fol- 
low from the discussion below that an 
installation of enough importance to re- 
quire a meter on the high side of a 
transformer bank, such as is described, 
is also of enough importance to justify 
the correct potential transformers on 
the high side, for accuracy. 

A short consideration of the phase 
relations of the potential which should 
be applied to the potential coils of No. 
1 meter, and the phase relation of that 
actually applied, will show why the in- 
stallation is incorrect. Calling the trans- 
formers from left to right a, b, and c, 
the potential coil in the upper element 
of No. 1 meter should be excited by 
a voltage in phase with the voltage 
of the high side of transformer c. 
It is actually excited by a voltage 
which is taken from the potential trans- 
former across the leads of transformers 
b and c. If this potential were in phase 
with that of transformer c or in phase 
opposition to it, connections could be 
made correct, disregarding the errors 
in the power transformers. However, 
the voltage applied is leading the volt- 
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age which should be applied by 30 deg. 
In addition, the diagram shows the 
primary line voltage to be 13,200 volts 
and the secondary line voltage to be 
2,300 volts, which indicates that the 
transformers are not of straight ratio. 
If they were the secondary line voltage 
would be 2,200 volts. Therefore, it 
would be necessary to include this odd 
ratio in the calculations to find a new 
constant for the meter. 

However, consider that all constants 
are correct and that it is desired to 
find a new constant to correct the con- 
dition of the meter voltages being 30 
deg. out of phase. The effect of the 
actual voltage across the potential coil 
leading the correct voltage by 30 deg. 
would be that the meter would measure 
power the same as though the current 
were lagging 30 deg. more than it does 
in fact. For example, if the meter 
were metering power whose current 
was lagging 10 deg. with a power fac- 
tor of .984, the meter would measure 
the power as though the current were 
lagging 40 deg. with a power factor of 
-766. Assuming different angles of lag 
and continuing the calculations of find- 
ing power factors, it will be seen that 
there would never be a definite ratio 
between the correct power factor and 
the power factor for which the meter 
is corrected. Therefore, no constant 
could be applied to make the readings 
correct. : 

The obvious thing to do would be to 
install a separate set of potential 
transformers on the high side of the 
bank. It would also be possible, al- 
though not good practice, to connect 
another set of potential transformers 
on the low side, using transformers a 
and c and connecting each potential 
transformer from the line to the star 
point. However, since it is evidently 
desired to measure transformer losses 
in kilowatt-hours the percentage of 
error in metering, caused by the fact 
that power transformers do not have 
as correct a ratio of transformation for 
all loads as do potential transformers, 
might be greater than the percentage 
of transformer loss. 

Answering the latter part of the 
question, if the meters were correctly 
conrected and calibrated there would 
be no error regardless of balance or 
value of power factor. 

Toronto, Ohio. HERBERT KING. 
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Answering J. C. R. C. in a recent 
issue, the two meters connected as 
shown will not register the same. 

Meter No. 2 will register correctly 
under all conditions of power factor. 
Meter No. 1 will vary in its registra- 
tion depending upon the power factor, 
since it is incorrectly arranged. The 
reason for its incorrect registration is 
the angular relation of the current and 
voltage introduced through the star- 
delta connection. 

At 100 per cent power factor, meter 
No. 1 has one element in which the 
current is in phase with its voltage, 
while in the other element the current 
lags 60 deg. behind its voltage. In the 
case of meter No. 2, the current in one 
element leads its voltage by 30 deg., 
and the other lags behind 30 deg. 

The relations of current to voltage 
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in meter No. 1 are correct for the reg- 
istration of the total energy used, and 
are shown vectorially for 100 per cent 
power factor in diagrams A and B. 
In diagram A, OJ; and OJ; represent 
currents in the 13,200-volt line; OF, 
and OE, represent the voltages between 
the 2,800-volt lines. 


Angle between Olz and 
OE4 Is zero degrees 


1e 
(In phase) 


l4 
(leading) 


Vectorial relations of current and 
voltage at 100 por cent power fac- 
tor in meter No. 1, shown at A, 
and in meter No. 2, shown at B. 


The approximate relations of the reg- 
istration of the two meters for the 
power factors listed are as follows: 


POWER METER METER RATIO OP 


FACTOR No. 1 No. 2 1+2 
100 1.5 1.732 0.886 
85 0.8185 1.472 0.556 
70 0.4808 1.2084 0.356 
45 —0.0987 0.7792 —0.127 


This tabulation assumes of course 
that the load is always balanced. It 
should be noted that at 45 per cent 
power factor, meter No. 1 will run 
backward. Referring to the diagram, 
only the actual vectors which are in- 
volved, have been given. This was done 
to avoid confusion and to aid in mak- 
ing the relations clearly and easily un- 
derstood. 

As previously stated, the relations 
shown in the diagram are for 100 per 
cent power factor. For all lagging 
power factors, the current vectors will 
swing in a clockwise direction. For 
instance, at 45 per cent power factor, 
the angle between E, and J, will be- 
come 123.3 deg., and 63.8 deg. between 
E. and J 2. 

It is also assumed that both meters 
are arranged for direct reading with- 
out the use of a constant, or in other 
words, have the correct gear ratio to 
suit the current and voltage trans- 
former ratios. 

This method of metering has been 
used but usually only with delta-delta 
connected banks, making allowance in 
meter No. 1 for the transformer losses 
by adjustment or other compensation. 
The correct solution in this particular 
case would be to install 18,200-volt 
meter voltage transformers. 

C. OTTO VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter, 
Springdale, Pa. 
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Use of Armored, Lead-Sheath Conductor 
Unaderground—W {ill some of the read- 
ers of Impustria, Encinzzrr please give 
me their experience with the use of 


2,500-volt, lead-encased, steel-wound 
wire such as is put out by some of the 
large manufacturers and intended to 
be used underground, and not pro- 
tected by conduit? 

San Diego, Calif. W. P. B. 


In answer to W. P. B.’s request for 
information on the use of armored, 
lead-sheath conductor underground, I 
would like to state that we have 
roughly 10,000 ft. of this kind of cable 
in use at the present time. : 

It is used for power and lighting 
mains and is buried in the ground, with 
no protection whatever. It has been 
in use for the past ten years and we 
have had no trouble with it, although 
the lines have been moved in some 
cases two or three feet when making 
additions .or alterations to buildings. 
So far as we can see, these lines are 
today in as good condition as when 


installed. HAROLD W. STEELE. 
Ass’t. Electrician, . 

Naumkeag Steam Cotton Co., 

Salem, Mass. 


Replying to W. P. B., this type of 
conductor has found its greatest use in 
street lighting service where the light- 
ing standards are located in the grassy 
portion of the parking between the 
curb and the sidewalk. It is also in 
extensive use in city parks where it is 
buried directly under the sodding, 
from 18 in. to 30 in. deep. Further, it 
has been widely used in England, and 
to a limited extent in this country, for 
general distribution work. For general 
service, however, its use is limited to 


districts where it is not expected that 


the load will increase materially. A 
large increase in the load makes it 
necessary either to lay new cable or. 
dig up and replace the old one. 

A standard line of junction boxes 
and fittings is available for this type 
of cable, and while its use in this coun- 
try dates back not much beyond ten 
years, it is increasing in popularity. 
No particularly severe troubles have 
been encountered with it in service and 
when the lead sheath is protected with 
a jute covering, then with a double 
steel tape and another covering of jute 
over the tape, the life of the cable 
would appear to be indefinite. I know 
of some installations under railroad 
tracks that have been in service for 
over nine years, without a single case 


of trouble. C. OTTO VON DANNENBERG. 
Designing Engineer, 

Sanderson and Porter, 

Springdale, Pa. 


I would like to give W. P. B. an idea 
of our experiences with armored steel 
cable, lead-covered and jute-wrapped 
outside the steel bands. The company 
with which I am now associated uses 
as much or more steel-armored cable 
than any other company in the South. 
We operate about 12 slopes and several 
drifts. All mines are supplied with 
alternating current. The tipple equip- 
ment fans and pumps are driven by 
2,300- or 550-volt a.c. motors. We 
have installed both armored and weath- 
erproof cable; the latter is used only 
on the 550-volt circuits. 

Potheads are only used on the power- 
house cables and on the 13,000-volt cir- 
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cuit. Most of the cables are just cut 
the desired length, the armor stripped 
back, the ground insulation removed 
and the rope core cut out at the crotch 
of the three conductors. The lead 
sheath is rolled back, so as not to chafe 
conductor insulation. Then several 
layers of varnished cambric tape are 
woven in between and around the three 
conductors to form a sort of insulating 
cushion, and to keep the wires spread 
apart. This tape is covered with sev- 
eral layers of P. & B. waterproof tape, 
which is warmed with a blow torch 
when applied, and this is topped with a 
heavy coat of insulating paint. A cable 
so treated is waterproof for a reason- 
able length of time, but as the varnish 
ages and dries out, the moisture pene- 
trates the cracks and will cause a 
breakdown to ground. These crotches 
or splices should be painted with a 
good insulating varnish ever so often, 
according to conditions under which 
they operate. 

Another method that I have used for 
crotching cables is to use linen tape 
and dip it in boiling or hot paraffin 
wax, dipping every time a layer of 
tape is applied, and dipping the fin- 
ished crotch several times to be sure 
of a heavy outside coating. The above 
method is simple and requires no great 
mechanical skill; almost any mechanic 
around the mines can make a simple 
and reliable cable repair with a little 
practice. But cables so treated must 
be inspected at regular intervals, or 
they will be a constant source of 
trouble; at each inspection we gener- 
ally paint the joint or crotch. 

If cables are put up with potheads 
and splices are sleeved over with a lead 
sleeve, they are subject to very little 
trouble, whether inside or outside the 
mines, but as cable splicing is, or has 
become, a trade in itself, there are not 
so many electricians who are able to 
do good cable splicing. Although al- 
most any telephone man can give one 
pointers about cable splicing, and with 
a little practice and judgment a me- 
chanic ought to be able to make a de- 
cent wiped joint. 

I know of one large mining company 
which has several miles of. 6,600-volt, 
three-conductor, steel-armored cable 
and some without lead or armor, but it 
is all laid in fiber duct on the trolley 
wire side of the mine track. They made 
their joints in junction boxes and the 
joints were coated with hot paraffin. 

In one instance I dipped water off a 
joint in this cable with an iron bucket; 
the juice was on and we were afraid 
the joint might blow if the water were 
not removed. However, this was not so 
much of a gamble as one might think, 
because these joints are waterproof if 
correctly made and maintained. 

Steel-armored cables should not be 
suspended in bore holes or shafts be- 
cause their weight soon exceeds their 
safe strength and as the wires are 
woven around the core, they tend to 
flatten out; this crushes the interven- 
ing insulation, causing a breakdown. 
Cables can be supported by suitable 
clamps, on a messenger; one strand of 
tiller rope can also be used to tie it 
to messenger cable. 

There is one objection to cables and 
it is this: when one cable on a system 
becomes grounded and does not blow a 
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fuse or knock the breaker, all of the 
other weak cables or joints are sub- 
jected to a strain until the defective 
cable or part is removed. When one 
cable breaks down several more are 
likely to follow suit, if many are in 
operation. GRADY H. EMERSON. 
Ass' t. Chief Electrician, 


Alabama Fuel & Iron Co., 
Acmar, Ala. 
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Answering W. P. B., we have one 
2, 500-volt, three- conductor, lead-cov- 
ered, wire-armored cable about 3,000 
ft. long, which was installed in 1910. 
This cable has never given any trouble 
and megger insulation tests show it to 
be still in first-class condition. The 
cable was laid in a trench about 2 ft. 
deep and, as there was likely to be 
some later digging in the vicinity of 
the trench route, rough planking was 
placed over the cable before backfill- 
ing with the excavated earth. It was 
not expected that the planking would 
serve as a protection to the cable, but 
it was used simply to indicate to work- 
men uncovering it that they were close 
to the cable and should, therefore, use 
caution in further digging in order not 
to injure the cable. 

This particular cable has 30 per cent 
Para rubber insulation, but manufac- 
turers will make cable to any specifica- 
tions required. The standard specifica- 
tions of the Joint Rubber Insulation 
Committee may well serve as a guide 
in buying this class of cable, which has 
been so standardized as to be quite 
reliable. With proper care in manu- 
facture and installation there is no rea- 
son why such a cable should not last 
as long as a plain, lead covered one in 
ducts. b 

Regarding the installation of this 
kind of cable, the methods to be fol- 


lowed will vary with the length to be 


installed, size of the cable (since this 
affects the unit weight), and with the 
character of the ground. For short 
lengths and small-size cable, ordinary 
methods of handling the cable may be 
used. 

For longer lengths and larger sizes of 
cable which is to be run in open ground 
which may be traversed by a truck, the 
easiest method is to mount the reel on 
a truck and pay off the cable by hand 
into the trench as the truck proceeds 
along the trench route. If steep, hilly 
country or swampy ground is to be 
covered, over which a truck could not 
travel, the best way is to set the reel 
up at one end of the trench and place 
pieces of timber (preferably rounded 
pieces of sapling) across the trench at 
intervals of 20 ft. or so. If the trench 
route is passable for a team it is then 
fairly easy to have the team walk along 
the trench route, pulling the cable end 
along as they go and letting it ride 
on the timber eross- pieces. A good 
team can pull out 500 ft. of average- 
sized cable in this way. If the trench 
route is not passable to team or truck, 
a winch may be set up at intervals 
along the route and a lead line from 
this used to pull the cable into place. 

It goes without saying that kinks in 
the cable should not be permitted under 
any circumstances and this, therefore, 
implies some previous experience and 
considerable care in the installation. 
Splicing should be done only by men 
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experienced in this class of work, as 
cable failures usually occur at joints. 
An iron pipe sleeve long enough to 
reach from armor to armor should be 
threaded on the cable before splicing 
and then secured over the splice after 
it is made. Potheads of proven worth 
should be used at all cable ends. The 
pulling line used in laying the cable 
should be attached to the armor wires 
and not to the cable itself, which should 
be sealed to prevent the entrance of 
moisture. 
E. I. PEASE. 


Fort Worden, Wash. 
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Method of Removing Cores from Fan 
Motors—Will some reader tell me the 
best method and equipment to use for 
removing the cores from 10-in., 12-in., 
and 16-in. Westinghouse fan motors? 
I find it necessary to remove these 
cores from the drawn steel housing 
that encloses the motor so as to be 
able to make repairs on the connecting 
wires, which usually burn off very 
close to the housing. This connection 
cannot be made on the outside. These 
field cores fit so closely that it is al- 
most impossible to remove them with- 
Out injury to the windings with all 
the methods that I have tried so far. 
Madisonville, Ky. E. F. L. 


With reference to E. F. L.’s question 
on removing the cores from Westing- 
house metal-frame fans, make a cylin- 
der one and one-half times as long as 
the core is wide, with the inside diam- 
eter slightly larger than the outside 
diameter of the core. The outside 
diameter of the cylinder is not impor- 
tant, so long as the wall is as thick as 
the frame of the fan. Strip the fan 
down to the core and frame and slip 
the cylinder over the edge of the core, 
where the end bell comes off. Grasp 
the cylinder and core in both hands 
and hammer down on a solid block; the 
core will drop in the cylinder after a 
few blows. 

The core may be put back into the 
frame by clamping the frame in a large 
vise and using a smaller cylinder held 
against the core for driving it into 
place. 


Augusta, Ga. O. B. Eve. 
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Referring to E. F. L.’s question, the 
best method I have found for removing 
Westinghouse stators from the frame 
is, first, to remove the casing from the 
oscillating housing or the swivel, in 
the case of a straight fan, which is 
generally held on by means of four 
screws. 

Then take off the fan end bonnet or 
end bell and with the motor held in a 
vise, saw through the outside housing 
between the screw holes in the bottom 
where the oscillating case or swivel 
was taken off. This will relieve the 
pressure on the laminations and the 
core can be removed quite easily. This 
saw cut will not show when the fan is 
reassembled and will not throw the 
bearings out of line or in any way 
affect the running of the motor. 

There is a very good article by Carl 
G. Howard in the August issue of 
INDUSTRIAL ENGINEER, page 400, op re- 
moving cores. The method there de- 
scribed will work in most cases, but 
where the cores are as tight as in 
Westinghouse fans I have found it to 
be quite unsatisfactory. 

Minneapolis, Minn. A. L. WALLOF. 
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Putting an 
Acid Fume Discharge System 
Outside the Building 


OME time ago, the pickling depart- 

ment of our plant installed an ex- 
haust system for removing the fumes 
from the pickling vats. These vats are 
23 ft. long, 4 ft. wide and 2 ft. deep 
and are built in pairs, a pickling vat 
and a washing vat constituting a pair. 
Two pair of these vats, besides several 
smaller vats, are installed in this de- 
partment which is in a room approxi- 
mately 50 ft. long, 30 ft deep and 14 
ft. high where it joins the shop proper, 
with a 2-ft. drop in a sloping roof. 

The product is handled in and out of 
the vats by an overhead monorail sys- 
tem and the low headroom made it 
impossible to use a suction duct be- 
tween a pickling and a washing vat. 
Also, this system would have left the 
several smaller vats in the room un- 
cared for. 

After a thorough study of this prob- 
lem, we decided that a complete change 
of air was necessary in this room every 
2 min. to maintain desirable working 
conditions. For this purpose an Ameri- 
can No. 4 Sirocco fan with a capacity 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
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of 12,000 c. f. m. discharge was used; 
this is driven at 829 r. p. m. by a 15-hp. 
Westinghouse motor. 

A hole 2 ft. wide and 35 ft. long was 
cut in the high side of the roof, which 
was suitably reinforced, and a triangu- 
lar hood built over the opening on the 
outside, as shown in the accompanying 
illustration. This hood extended hori- 
zontally and was connected to the 
blower. All surfaces exposed to the 
fumes were given two coats of acid- 
proof paint. A penthouse was built 
over the blower and motor to protect 
them from the weather. 

The low cost of installation, and the 
efficient results of this equipment make 
it highly satisfactory. However, we 
would have considered an addition to 
this system had our appropriation been 
sufficient to permit it. This would have 


Because there was no room inside, 
this duct and blower were placed 
outside the building. 


The overhead monorail system for 
handling material in and out of the 
pickling vats, prevented putting an 
exhaust duct over the vats. his 
outside exhaust duct, with sufficient 
capacity to change the air in the 
room every 2 min., provides the 
necessary ventilation. 
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consisted in running a &. in. air line 
around the large vats, and, I think, it 
would have been an improvement. This 
pipe was to be perforated with several 
56 -in. holes drilled at an angle of 45 
deg. to the horizontal and connected to 
our high-pressure air line. When oper- 
ating the vats, the plan was to crack 
a valve and so admit sufficient air 
through the perforated holes to break 
up the fumes and thus facilitate the 
action of the fan. This can still be 
added if the present exhaust system is 
not sufficient to maintain good working 


condition in the plant when it is closed 
up during the winter. 


Chester, Pa. H. E. PILKINGTON. 


How to Use 6 
Cut Disk as Separator Between 
Two Springs 


IS not practicable to place two 
springs end to end without some 
form of separating disk between them, 
especially where the springs are wound 
to the same right or left pitch, as they 
will intertwine and reduce the effective 
length of spring. 

On one job, in which a number of 
springs were used with a push rod as 
counterbalances for sashes, the prob- 
lem of providing separators between 
the ends of the springs, was met with 
simple sheet iron disks made as shown 
in the attached sketch. These washer- 
shaped disks are about %-in. to %-in. 
larger in diameter than the coil of the 
spring and have a hole punched in the 
center, to fit over the pull rods. The 


Sheet-iron disks are slit as shown 
and tabs bent alternately up and 
down over the ends of the springs, 
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disks were slotted about half-way radi- 
ally and the tabs thus formed were 
alternately bent up and down to en- 
gage the spring ends as shown. These 
disks were easy to make and less ex- 


pensive than punchings, cup-shaped 
drawings, or castings. 
Washington, D. C. G. A. LUERS. 


Construction of Metal Grating 
for Floor Openings 


HE engineer or the master me- 

chanic who has to build and in- 
stall floors for smoke houses or for dry 
kilns, gratings to cover openings about 
buildings or coal holes along sidewalks, 
hatches over shafts, fire escape mem- 
bers and other similar places may, per- 
haps, appreciate having the experience 
of another from which to draw, in- 
stead of having to start from the be- 
ginnmg and work along unaided. The 
accompanying sketch shows the con- 
‘struction of a floor, which was put in 
the smoke house of a local packing 
plant, but it is typical of the class of 
gratings mentioned. This building is 
10 ft. by 9 ft. 6 in. inside and had 
been used for other purposes, but re- 
modeled for use in smoking hams and 
bacon. It is two stories high and the 
same types of floor and floor setting 
are used on both levels. 

It is not safe to figure such floors 
on a passing or moving load basis only; 
there is always the possibility of stor- 
age upon the floors, even though the 
“work” may be intended to be hung 
from hooks or tracks. Also, a group 
of people may stand upon the floor, 
boxes may be dropped, or any of a 
dozen things happen that impose 
stresses far greater than the antici- 
pated load of one person. To guard 
against such contingencies, we put four 
4-in., 7%4-lb. I-beams under each grille 
floor and set the ends 6 in. into the 
brick work, cemented them up when 
leveled and waited for them to set be- 
fore laying the floor. The beams run 
at right angles to the slats of the grille, 
which are crosswise as one enters the 
door of this room. 

For ease in handling and making, 
the floor was put up in three sections, 
each of which consists of 19 slats with 
the accompanying tie rods and spacers. 
The size of the sections of such grilles 
is regulated by the floor area, the sup- 
port beneath, and the strength of the 
grille itself. In this particular case, 
light tie rods (% in.) were used be- 
cause the I-beams on 2-ft. 10-in. cen- 
ters back up the slats and carry all the 
load at right angles to them. In other 
cases, the ends of the slats might rest 
upon a ledge or wall without other 
support. In such cases dependence for 
stiffness and against weaving must be 
placed on the rods and spacers; this 
calls for larger rods and larger spac- 


The steel floor grating was strong- 
ly braced. ; 


Although this floor grille was made 
for a smoke house, similar construc- 
tion may be used in many other ap- 
plications, Particular care must be 
taken to see that the grille is prop- 
erly supported and has no oppor- 
tunity to “weave” when men are 
working on it. 
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ers or separators. A %-in. rod is so 
weakened by cutting a standard thread 
on it that life and limb should not be 
trusted to it, except possibly for short 
spans. 

Grille floors are sometimes construct- 
ed by bending long flats in parallel 
runs spaced about 2 in. apart, thus 
getting two or more runs or slats out 
of a bar, according to the size of the 
space. This method costs about twice 
as much for labor and is no better 
than using separate pieces. Usually 
-in. or %-in. flats, 1% in. wide as a 
minimum, are employed for grilles; the 
former is desirable in most cases. The 
pipe separators should be nearly as 
ce in diameter as the width of the 

ts 


The shop equipment determines the 
method used in processing the floor 
sections. Where lever or power shears 
are available the flats will be cut that 
way; if not, a number can be gripped 


in a vise at one time and sawed in 


the power or cold saw. The pipe sepa- 
rators can be cut more quickly in a 


lathe with a hollow spindle than by 


any other method. When a lathe is 
not available they can be sawed off. 
Their length need not be exact, but they 
should be uniform in order to produce 
a well appearing floor. 

The slats may be turned out quickly. 
After cutting off, they have to be 
drilled for two or more (in this case 
four) tie rods. To do this, one slat 
is laid off and drilled; this is then 
clamped on top of a stack of others as 
a templet. When a number of floors 
are being made at one time, some of the 
drill-vise-jig devices might be used to 
advantage. Shops with facilities for 
punching would probably punch the 
holes instead of drilling them. Assem- 
bling is a job that even a boy can’t do 
incorrectly. 

Such gratings or grille floors could 
be more extensively used than they are. 
Many openings now closed with boards 
and trap doors would be better, safer 
and more fireproof with grille covers. 
Shops without the facilities for making 
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grilles, or those which do not care to 
enter into this type of work, will find 
several grilles on the market which 
may be used. DONALD A. HAMPSON. 
Plant Superintendent 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 


Cutter for 
Tearing Up Scrap Magnesia to 
Be Used Again 


OST maintenance men know that 

if old magnesia which has been 
removed from pipe lines ean be utilized, 
it has considerable salvage value. 
However, in many cases it is thrown 
away. A very simple and inexpensive 
grinder can be made that will tear up 
this material, after it has been re- 
moved, into such shape that it can be 
molded again or used in plaster form to 
fill in corners and awkward spaces. 

One type of machine which I have 
used is made from two pieces of 4-in. 
pipe’ with a number of holes drilled in 
them. Spikes are inserted from the in- 
side of the pipes and project outward 
through these holes; the spikes are 
held in position by hollow, hardwood 
cores passing through the pipes. Short 
steel shafts fitted with pinions are fast- 
ened to the ends of the cores in the 
pipes, and the latter are then mounted 
in a suitable frame. The shafts are 
spaced in the frame so that the ends 
of the spikes are about % in. apart. A 
crank handle with a gear, which is 
placed so that it meshes with the pin- 
ions, drives the shafts through the 
pinions. 

This cutter or grinder is placed in a 
trough-shaped frame and the scrap 
magnesia is fed into it. It is surprising 
how effectively this contrivance will rip 
up such material. An ingenious oper- 
ating man could probably improve on 
such a device if sufficient quantities of 
material are available to make it worth 
while. MAURICE C. CoCKSHOTT. 


Engineering Department, 
Emsco Steel Products, 
Los Angeles, Calif. 
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Electrical Service 
Around the Works 


Better Product with Less Hazard 


by Using Electric Heat 
N THE manufacture of kegs, the fin- 
ished. staves are placed in a bar- 

rel machine which bends the staves into 
the form of the finished keg. A heavy 
steel ring is then placed at each end 
of the staves. It is necessary to heat 
the barrel thoroughly before these steel 
rings are removed and the hoops ap- 
plied; otherwise, either the hoops 
would break or the staves would crack. 

The heating elements of the heaters 
consist of standard Westinghouse space 
heaters, assembled on a circular frame. 
There are two series of heaters, each 
series consists of six heaters, and 
stands opposite a machine which as- 
sembles the staves in the steel rings. 

The operator takes a barrel, from 
the machine, raises the cover by means 
.of a foot lever and sets the keg over 
the heater with the space heaters inside. 
The foot lever is then released and 
the cover drops. In a minute or two 
the keg is taken from the heater, ready 
for the hoops. 

Before installing the electric outfit, 
open flame heaters were used, in which 
waste-wood was burned. Six of these 
heaters were set together in a large 
brick structure resembling an open fire- 
place. It was not only hot and dis- 
agreeable for the workmen, but there 


Arrangement of electric space 
heaters which replaced a wood 
burning stove in a cooperage pliant 
with considerable economy an 
other advantages. 


from readers. 


overhauling, testing or special installasi 


was considerable fire risk. After a 
disastrous fire in 1921, we decided to 
do away with unn fire hazards, 
and the electric heaters were installed. 
Since the installation of tht electric 
heaters, there has been less breakage 
in manufacture, due to the fact that 
with electric heat the barrel appears 
to be heated uniformly throughout with 
rapid penetration of ‘heat to the exte- 
rior of the barrels. And no barrels 
are lost by overheating nor do they 
catch fire. The cost of the installation 
has more than paid for itself by giving 
a better product, reducing fire risks and 
improving working conditions. 
Spalding & Frost Co, S. A. FROST. 
remont, N. H. 
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Comment on 
Maintenance of Large Motors 


in Steel Mills” , 


N THE article by O. Needham on 

page 423 of the September issue, I 
noticed that the formula given for 
measuring insulation resistance with a 
voltmeter is as follows: 

R—[(V—v) Xr]=V 
where R—the insulation resistance 

r=the resistance of the voltmeter 

V=the line voltage 

v== the voltmeter reading 

In the American Electricians’ Hand- 
book this formula is given in the fol- 
lowing manner: 


arian 
As these formulas do not seem to be 
equivalent, I would like to know why 
there is such a great difference between 
them. 
Jersey City, N. J. W. J. STERNAD. 
s e + 


There is a typographical error in the 
formula as printed on page 423. Cor- 
rectly stated the formula should read: 

R=[(V—v) Xr]=v 

This formula can be transposed to 
the same form as given in the Ameri- 
can Electricians’ Handbook as can be 


_ fixed, 
the 
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For this section ideas and practical methods devised 
to meet particular operating conditions are invited 


The items may refer to inspection, 
ons. 


seen from the ies equations: 


etna) 


In reality the as formulas are 
equivalent.— EDITORS. 


Easily-Made Device for Bending 


Copper Busbar 


1 method of bending copper bus- 
bars that is shown in the accom- 
panying diagram is interesting in it- 
self and may appeal to readers of 
INDUSTRIAL ENGINEER. 

As can be seen in the accompanying 
diagram, the device consists of a 3-in. 
by 6-in. cross-member and a vertical 
upright of the same size, which are 
braced to the wall and floor. To rein- 
force the crosspiece and the upright, a 
%-in. steel plate is bolted on each side 
of the timbers, as is shown in the dia- 
gram. In the corner of these two 
plates, a hole was drilled to receive a 
bolt carrying the roller over which the 
busbar is bent. In the diagram the 
plate is cat away so as to show the 
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This device can be set up at the 
place where the busbar to 
installed. The bender was used 
for bending hars % in. thick by 
5 in. wide. 
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roller behind it. There are two rollers, 
each of which is 1% in. in diameter. 
These are made from steel shafting. 
A hole was drilled through the axis of 
the roller to receive the bolts holding 
them in place. A handle made of 3-in. 
by 6-in. pine has two -in. steel plates 
bolted to one end, which carry the 
roller that applies the pressure to the 
top of the busbar. At the ends of these 
two plates are holes through which the 
bolt carrying the lower roller passes, 
thus forming the bearings for the han- 
die to work in. 

As can be seen from the diagram, 
the rollers are placed ii in. apart be- 
tween the inside surfaces. This will 
permit bending copper busbar stock % 
in. thick. The stock that was handled 
was % in. thick by 5 in. wide and in 
lengths of: approximately 8 ft. The 
dimensions given on the diagram are 
for a bender capable of handling this 
stock. 

In operation the busbar is clamped to 
the crosspiece, as shown. As can be 
seen, there is a strip of wood on the 
back of the crosspiece, so as to keep 
the busbar square while bending. The 
part of the busbar that is to be bent 
is placed between the rollers and then 
by pulling down on the handle a bend 
up to 90 deg. may be made. 

Oakland, Cal. S. H. SAMUELS. 


Method of | 
Determining Lighting Circuit 
Connections 


T HE accompanying diagram shows 
the method that was used in find- 
ing the relative lighting circuit connec- 


tions in two buildings, about 50 ft. 


apart, supplied with single-phase, 
three-wire service which was brought 
in through long outside conduit runs. 
Building No. 1 was connected first and 
contained a motor operating at 220 
volts and one lighting circuit of 110 
volts. Building No. 2 was similarly 
wired and connected later, with the in- 
tention of having its lighting load bal- 
ance that of building No. 1. 
When connecting building No. 2, the 
electrician took it for granted that the 
outer wires to the main switch came 
“side for side’ from the transformer, 
as in building No. 1, and made his 
lighting circuit connections according- 
ly. It was decided later to install a 
motor in building No. 2 and since the 
transformer was barely large enough 
to carry the load, it was imperative 
to have the lighting loads balanced. 
The conduits were high up on the 
buildings and since we had nothing but 
a short ladder we could not reach them. 
So we had to find some other way of 
testing the circuits. The outer sides 
of the switches were numbered 1 and 2 
and in building No. 1 it was noticed 
that the lighting circuit was between 
the neutral and side 2. The electrician 
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One end of a length of wire was 
connected, in series with a 220-volt 
lamp, to one side of the main 
switch in building No. 1 and the 
opposite side of the circuit found in 
building No. 2 by touching the 
other end of the wire in turn to 
each pole of the switch. 
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when connecting building No. 2 put the 
lighting circuit between the neutral 
and side 1, as shown by the dotted line, 
which seemed logical enough. 

We had a length of No. 14 wire 
handy; so we connected one end to side 
2 of switch No. 1 and tested through 
a 220-volt lamp as shown for the oppo- 
site side of the circuit at switch No. 2. 
As was to be expected, we found the 
lighting circuit in building No. 2 was 
on the same side of the neutral as in 
building No. 1, as shown by the dotted 
connection. We changed the connection 
as shown by the solid line and then 
found the loads to be practically bal- 
anced. 

This method of testing out the cir- 
cuits was very simple and easy to ap- 
ply and served its purpose well. 

HENRY MULFORD. 


Patchogue Electric Light Co., 
Patchogue, N. Y. 
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Practical Pointers on Charging 
Storage Batteries 


ANY men are of the opinion that 
there has been very little, if any 
improvement in the manufacture of 
storage batteries for a number of 
years. But the construction of the bat- 
teries has changed, and one of the 
proofs of this can be found in the way 
in which batteries are now being 
charged. 

The old way was to charge at a con- 
stant current, and the writer can re- 
call when he was instructed that the 
proper way to charge a battery was to 
keep the current constant from the be- 
‘ginning of the charge until it was 
nearly ended. 

This was done by raising the voltage 
ef the generator from which the bat- 
teries were being charged, as the cur- 
rent in the batteries increased and their 
voltage became higher; by charging 
through resistance and cutting out 
more and more of this as the charging 
continued; or by the use of end cells 
which were cut out as the current 
dropped off. 

In those days it was believed that 
the best way to maintain a storage 
battery was to discharge it at a cer- 
tain constant rate for a period of 8 hr., 
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at which time the battery was supposed 
to be entirely discharged, or at least 
had been discharged as far as it was 
safe to go. Then the battery was put 
on charge and charged at the same 
constant rate for a period of 10 hr. 
The efficiency, in ampere-hours was 
considered to be about 80 per cent so 
that the 8-hr. discharge would exhaust 
the battery to the point where a 10-hr. 
charge would be required to restore it. 
After the 10-hr. charge at a constant 
rate it was thought best to continue the 
charge at a lower rate for several more 
hours, reducing the current from time 
to time in order to prevent gassing. 

The reason for this care in charging 
and discharging the batteries was due 
principally to the fear that they would 
be badly injured, or at least have their 
life much reduced, by a higher rate of 
discharging. It was feared that the 
battery would be discharged too far; 
that the plates would become buckled; 
or that the active material would drop 
out of the plates. 

In modern batteries, however, there 
is very little danger of these troubles 
occurring. Not only are the plates 
made better and stronger than the old 
ones, but separators are placed between 
the adjacent plates so that they cannot 
touch each other and become short- 
circuited even if there should be con- 
siderable distortion caused by buckling. 
There is much less chance of the active 
material dropping from the plates, and 
they are set up higher on longer feet 
so that more sediment can accumulate 
without the old danger of it rising so 
high as to short-circuit the plates. 

On account of there being no fear of 
injuring the battery by charging faster 
than the old rate, a different method 
is now the generally accepted way of 
charging batteries. By this plan, in- 
stead of charging at a constant current 
and altering the voltage at the battery 
terminals so as to keep the current 
constant, the voltage is kept constant 
and the current is allowed to change. 
When the battery is first put on charge 
the current input is very high, but this 
soon slows down as the voltage of the 
battery rises. 

So long as the current is not so great 
as to overheat the conductors leading 
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from the source of supply to the bat- 
tery, or the terminal posts of the bat- 
tery, the limiting amount of current 
can be considered as being that at 
which the battery begins to gas heavily, 
or else that which heats the electrolyte 
to a temperature of more than 110 
deg. F. 

If the battery is equipped with an 
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ampere-hour meter set so as to show 
the number of ampere-hours that the 
battery has discharged, it is always 
safe to charge the battery at a rate 
which is not greater than the number 
of ampere-hours that have already 
been drawn from the battery, if the 
conductors and terminal posts will 
stand so high a charging rate. 


POWER, FACTOR. 


CHART 


Power Factor 
Per Cent 


0.8 


0.7 


To find power factor of three-phase 
place a straight-edge on 
horsepower value, determined as 
explained, and on current drawn, 
and read power factor on right- 
hand column. For current drawn 
at given power factor, 
straight-edge on power factor and 
horsepower value and read current 
on middle column. 


place 
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As the voltage of the battery will 
increase as it is charged, there is no 
danger that the charging rate will: be 
increased after the beginning of the 
charge unless the voltage of the supply 
circuit should also rise. Where that 
is constant, it is safe to say that the 
initial charging rate is not too high 
and then let the battery charge at that 
rate without having to watch the rate 
of charge closely One plan is to make 
the voltage of the charging circuit, at 
the battery terminals, equal to about 
2.3 volts per cell of the battery being 
charged. At this rate the battery will 
become fully charged in a much 
shorter time than by the constant cur- 
rent method and the charge will auto- 
matically taper off to the proper finish- 
ing rate. 

However, when a battery has been 
more or less completely discharged and 
the voltage correspondingly lowered, it 
will be found that such a high voltage 
applied to the terminals of the battery 
will give too high an initial charge. 
A safer way is to charge through a 
resistance which, although it will waste 
a little of the power passing through 
it, will limit the current in the begin- 
ning to a safe amount even if the bat- 
tery should have been entirely dis- 
charged. On account of this resistance 
being in circuit, the voltage applied to 
the terminals of the battery and out- 
side of the resistance should be equal 
to 2.45 volts, instead of 2.3 volts, per 
cell. This increase in the voltage will 
allow the battery to take a full charge, 
even though the resistance is there; 
while on the other hand, the resistance 
will insure that the charging rate will 
never be so high as to injure the bat- 
tery or the conductors leading to it. 
Westfield, N. J. G. H. MCKELWAY. 


Chart for 
Power Factor and Current of 
Three-Phase Motors 


T HE accompanying chart may be 
used to find either the power fac- 


tor or the current of a three-phase, 220- 


volt induction motor. When using: the 
chart to determine the full-load power 
factor, use the full-load current value 
stamped on the nameplate. For other 
than full-load values, use the corre- 
sponding horsepower values. Then, 
place a straight-edge so that it crosses 
the left-hand column at the proper 
horsepower and the middle column at 
the current drawn in amperes, and read 
the power factor on the right-hand 
column. To determine the current of a 
three-phase motor when the power fac- 
tor and horsepower are known, place 
the straight-edge on the proper values 
in the right- and left-hand columns and 
read the current drawn on the middle 
column. 

It should be noted that this chart 
may be used without corrections only 
for 220-volt motors. If it is desired to 
find the current for motors of other 
voltages the following corrections 
should be applied: 

For 110 volts, multiply current by 2. 

For 440 volts, divide current by 2. 

For 550 volts divide by. 2. 

For 1,100 volts, divide current by 5. 

For 2,200 volts, divide current by 10. 


CHAS. F. CAMERON. 
Rock Springs, Wyo. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 
service from the first mechanical driv- 
ing element through transmitting 


Mechanical Maintenance of 


Power Drives 


Modernizing Sets of 
Old-Type Gear Reductions With 
Oil Circulating System 


N A plant where a number of sets 

of reduction gears of a somewhat 
old type were used, their. economical 
and efficient lubrication was a serious 
problem, as no provision was made for 
the circulation and recovery of oil. An 
oiler poured a given amount of oil reg- 
ularly into the gear casing and emptied 
a catch-pan, attached to the casing, 
which caught the excess oil as it passed 
through the gears. Sometimes he for- 
got to empty the pan so that the oil 
ran all over the floor, and was wasted. 
The used oil was filtered and re-used 
in other parts of the plant. 

On account of the difficulty of get- 
ting at the gears they were often 
neglected and serious trouble some- 
times resulted, which was due to the 
gears freezing from lack of lubrication 
and attention. In order to improve and 
modernize the method of lubrication at 
a minimum cost, a circulating system 
was installed as shown in the accom- 
panying drawing. This was an imme- 
diate success, both from the mainte- 
nance viewpoint and because of a no- 
ticeable decrease in operating costs, 
through the elimination of the oiler and 
in the amount of oil used. 

The 30-hp. reduction gears, giving a 
20-to-1 ratio, which were connected 
through a pinion and gear to agitating 
paddles. in tanks, were situated about 
40: ft. above the floor. In order to get 
a gravity flow, it was necessary to ele- 
vate a 400-gal. storage tank about 10 
ft. above the gears; fortunately the 
building was of sufficient height to per- 
mit this. A feed header nearly 200 ft. 
long was then run from the storage 
tank to the gears set farthest away. 
This header started with a 2-in. pipe 
and dropped by stages to a %-in. pipe. 

From this header %-in. feeder pipes, 
each with a. master control valve, were 
run to each gear. These feeder pipes 
branched at the end through a tee so 


that the oil could be discharged into 
the two parts of the gear, with control- 
ling valves in each of the separate 
lines. The oil drained from the gears 
flowed into a 2-in. return pipe which 
ran underneath the sets and sloped 
away from the furthest unit. Fortu- 
nately, the temperature of the building 
was hot enough all the time to prevent 
the oil from coagulating in the lines. 
This return line discharged into a sump 
tank on the ground floor. The returned 
oil was filtered through a strainer 
which consisted of a wire basket lined 
with flannel; the latter was detachable 
so that it could be cleaned. 

Two small reciprocating pumps, 
that were not in use, were pressed 
into service to handle the oil from the 
sump to the gravity or storage tank. 
The pistons were grooved and fitted 
with a ring of babbitt which was cast 
and turned up. The pumps were hooked 
up so that one was always available 
as a spare in case of a breakdown. 


equipment to all driven machines. 


At first some trouble was encoun- 
tered in the adjustment of the pump 
speed. Because the pumps were of 
greater capacity than was necessary 
for this work they were run at such 
a slow speed that often shift men were 
under the impression that they should 
be running faster and speeded them 
up, with the result that the sump was 
pumped dry and the storage tank 
would overflow. This was overcome by 
reducing the size of the steam pipe to 
the pump, so that it was not possible 
to race the pump. In addition, a float 
valve was connected to control the 
steam valve of the pump. It was then 
possible to adjust the speed of the 
pump so that it would run for long 
periods without any attention beyond 
oiling. 

A cold brine line was tapped and run 
through a coil of 1-in. pipe in the lower 
part of the sump tank to cool the oil. 
An overflow line from the overhead 
gravity tank was run into a receptacle 


This gravity feed oil circulating system takes 
care of a number of old gear sets. 
The maintenance had been high as the oller had 


occasionally neglected a set because of the 


dif- 


ficulty in getting to it. This system provided 


each gear in the set with a stead 


flow of cooled 


and filtered oil which decreased the maintenance. 
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placed in a conspicuous place. The 
foreman on the shift watched this as 
it indicated whether any obstruction in 
the line prevented the oil from flowing 
out of the tank to the gears. 

As the sump tank was a closed tank 
it was not possible to see the return 
flow from the main return header; so 
a peep chamber was made by running 
the line into a section of 6-in. pipe, 
with a piece cut out of two opposite 
sides, and a frame welded on with a 
piece of plate glass behind it and held 
in place by another frame and cap 
screws, as shown in the detail sketch. 
This was in line with a window in the 
daytime and a light at night so that 
the foreman could see the amount of 
oil being returned to the sump tank. 
As a result of this simple and inex- 
pensive system, a cool, clean stream 
of lubricant was kept circulating 
through the gear units. This elimi- 
nated much heavy maintenance and in- 
creased the life and satisfactory 
operation of the gear units. 


MAURICE C. CoCKSHOTT. 
Engineering Department, 
Emsco Steel Products, 
Los Angeles, Calif. 


How Simple 
Changes in a Feed-Belt Drive 
Improved Operation 


N A specialty plant trouble was ex- 

perienced on the drive for a Pratt 
& Whitney vertical surface grinder that 
was used only on one class of work. 
These machines come regularly with 
belt or motor drive and with two 
changes of feed to the table. This par- 
ticular machine was belt driven, but 
had been equipped with a motor which 
drives through a chain; also, it was 
“plugged” so that the operator could 
use only the higher rate of feed. The 
change of feeds was made through a 
push rod connected to a clutch between 
two of the feed pulleys on one shaft. 

This table feed required three 1%-in. 
belts and six pulleys to obtain the one 
rate of feed; these belts transmitted 
power from the pulley on the first 
shaft, marked Y, in the illustration, 
and one on the shaft which runs di- 
rectly to the feed mechanism, marked 
X. The machine was operated steadily 
all day and often at night and so the 


= T 


Three belts, six 
clutch were replac 
and one belt. 


Because this grinder was used on 
only one class of work it was pos- 
sible to rearrange the drive and 
make it more direct. The original 
arrangement is shown by dotted 
lines in the sketch above; the im- 
proved drive is shown by solid lines. 


ulleys and a 
by two pulleys 


three belts required considerable at- 


tention. Also, due to the play in the 
parts controlling the clutch, it some- 
times failed to feed. 

This trouble with the clutch occurred 
at rare enough intervals for its cause 
to be forgotten or overlooked and the 
trouble attributed to some symptom 
that the latest operator thought he had 
discovered. In that way the clutch was 
responsible, at least once, for a half- 
day’s delay while the repairman went 
over the other rather complicated 
mechanism before it was discovered 
that less than a minute’s work on the 
clutch would fix it. 

Finally, after one of these interrup- 
tions due to feed trouble, the master 


mechanic decided to alter the feed drive 
so that future trouble would be elimi- 


nated. As a result the machine now 
operates with two less feed belts and 


This illustration shows the drive 
after making the. change. 
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no clutch at all. The outline drawing 
shows the old and the new drives. 

The diameter of the new driven pul- 
ley, X, is such that it turns at the same 
speed as its predecessor, although it 
is driven from the same small pulley, 
Y, directly beneath it. A 2-in. belt is 
now used which has nearly a half-cir- 
cumference contact on the small pulley 
and its extra width gives it a longer 
wearing factor. The revised arrange- 
ment is much more simple and it is free 
from the former clutch trouble. The 
clutch was non-essential on the par- 
ticular work done; however, to permit 
the use of a clutch was the only real 
excuse for the original triple-belt drive. 
The change more than paid for itself 
within a year. 

5-hp., 1,800-r.p.m., alternating- 
current motor is mounted on the side 
of the machine pedestal and is con- 
nected to drive at the ratio of 3 to 2 
by a Morse chain. Originally a step- 
cone pulley was belted from a counter- 
shaft, but this gave trouble; most of 
the lower step has been turned off to 
make room for the sprocket that takes 
its place. The driving side of the chain 
had to be the upper side, unfortunately, 
but in the seven years of its service it 
has never cost one cent in repairs or 


lost time. DONALD A. HAMPSON. 
Plant Superintendent 
Morgans & Wilcox Mfg. Co., 
Middletown, N. T. 


Oversized Drip Pan Prevents 
Oil Dripping 

HAF TING in textile mills are 

prolific sources of trouble from 
dripping and thrown oil. Even grease, 
where used, thins on the hottest days 
of summer, and runs like oil. This 
may spoil thousands of dollars’ worth 
of fabric before it is corrected. 

One large cotton goods mill has met 
the oil problem by completely enclos- 
ing the bearing of each hanger. For 
this it uses hundreds of pans of a 
standard size which can be fitted 


around the hanger on any size of shaft. 


The construction of this standard pan 


is shown in the accompanying sketch. 


This pan is more than a drip pan; it 
has sides, ends, and top and has a 
capacity of over a gallon of drippings. 
This oversize is a reserve against neg- 
lect and is large enough to enclose the 
bearings on the largest shafts. 

The pans are made of 18 gage gal- 
vanized sheet metal with locked and 
soldered joints. Lids at the top may 
be opened on each side for inspection, 
filling, emptying, and cleaning. These 
pans are held to the hangers by at- 
tachment brackets on the inside. 


Hinged lids for 
filling and taspecter ~~ 


The construction of this oil drip 
pan is standardized so that it fits 


all hanger bearings. 
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This section is devoted to repair work, large and small. Spe- 


. cial attention is given to shop or bench tools and short cuts f 
or improved methods. Contributions are always welcome. 


Easily-Made 
Device for Counting Turns 
When Winding Coils 


N THE April issue, page 204, 
Maurice M. Clement described a 
novel counter made from a speed indi- 
cator, for counting the turns on a coil. 
In our shop we use a counter made 
from the recording mechanism of an 
old gas meter and it works very well. 
As will be seen from the illustration, 

a light coil spring was fastened to the 
post on which the unit dial hand of 
the meter was placed, and a wooden 
plug was fastened to the other end of 
the spring. A hole was drilled in the 
center of the spindle that holds the 
coil whose turns are to be counted and 
the plug was inserted in this hole. We 
riveted the counter to two brass rods 
and then cut a plate about 1% in. wide 
and 6 in. long, from %-in. copper. Two 
holes were drilled about 5 in. apart in 
this plate for the other ends of the 
rods to fit into, as shown The plate 
holds the counter rigid and by pro- 
viding other plates at the different 
winding lathes we are able to use the 
same counter at all of them. The cop- 


A coil spring is attached to the 
post carrying the unit hand on the 
dial mechanism of the gas meter. 
The other end of the spring is 
fastened to a wooden plug, which 
is inserted in the spindle of the 
winding lath. 


| ENGIN 


NDUS 


* 


SH 
ee - ose 
a rte eet ie ee T — 
— — —— 
EASE A 
er.) 


kat aia es 


= ISS ria 5 
2 . 


Ta 
p 
—— — 


7 Sh a PRS ee 
n A 
. 


Aas aa a . 


Ji i 
A 
4 


„ = 
yh 
19 
n 
* k 


d 


— 
|} 


per plates are fastened by screws to 
each lathe bench. 

The counter has dials which indicate 
units, tens, hundreds, thousands and 
ten thousands. By noting the reading 
when starting to wind a coil, it is an 
easy matter to determine at any time 
how many turns have been wound on 
by subtracting the first reading from 
the reading shown when stopped. 
Peoria, III. GEO. D. RINGNESS. 
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Repairing Broken Drills by Use 
of Brass Sleeve 


REAKAGE of small drills is an 
annoying aceident and if the stock 
is low or the drill is a special size, some 
delay may be occasioned. A broken 
drill can, however, be restored to serv- 
ice in a short time and at almost no ex- 
pense, by making a brass sleeve into 
which the two broken ends of the drill 
can be soldered or sweated. 

This sleeve should preferably be 
seamless and for this purpose seamless 
brass tubing, or solid rod with a drilled 
hole of the proper size to accommodate 
the broken drill, should be used. It is 
advisable to tin carefully the broken 
ends for a short distance. When tin- 
ning the ends, care must be taken not 
to overheat the drill and spoil the tem- 
per. If possible, the inside of the 
brass sleeve should also be tinned. 
When the broken ends of the drill are 
inserted in the sleeve, it is then an 
easy matter to sweat the ends to the 
sleeve by heating the latter carefully. 

This same procedure has been used 
to prevent the breaking of new drills 
where the extended section from the 
jaws of the chuck makes it liable to 
fracture. The point where the break 
is most likely to occur is the junction 
of the flutes and the shank. A brass 
tube sweated or soldered on to a new 
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drill is a very simple and effective re- 
inforcement which is readily applied 
and overcomes to a marked extent the 
tendency to fracture. 
Washington, D. C. G. A. LUERS. 
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How to Make Simple Clamp for 
Replacing Commutator Bars 


N AN Eastern industrial plant, 

there are a number of Northern d. c. 
motors ranging from 5- to 15-hp. rat- 
ing, that have been in use over 25 
years. The plant repair man handles 
most of the maintenance and one of his 
occasional jobs is the replacing of com- 
mutator bars which have been tested 
and found shorted, and so have to be 
removed. It is only an occasional job, 
as has been said, and the man has very 
little equipment to work with—-still he 
keeps the maintenance cost in that 
plant down to a very low figure. 

He has an interesting way of keeping 
the commutator assembly in shape 
while replacing some of the bars. Be- 
fore loosening the V-rings, he puts on 
a sort of clamp that prevents the bars 
from separating. This clamp is as ef- 
ficient as it is simple, and consists of a 
piece of tin, some wire and a piece of 
wood, as shown in the illustration. 

The wood block is cut from a piece of 
maple or oak somewhat over an inch in 
thickness, and is shaped in the form of 
a segment whose inner circle fits the 
commutator just half-way around. This 
segment is fastened to the commutator 
with wire and on the opposite half the 
piece of tin is laid double to prevent 
the wire from grooving the face of the 
commutator. 

The wood segment has a slot cut in 
it, as shown, that is the width of one or 
two bars (whatever number have to 
come out) and deep enough to allow 
them to be lifted clear of their neigh- 
bors. This slot does not prevent the 
segment from holding down these 
neighboring bars, which is its sole pur- 


A wooden block, cut in the form 
of a segment, and containing a slot 
the width of one or two bars, is 
fastened to the commutator by 


wrapping wire around it. A strip 
of tin keeps the bars not covered 
by the segment from being 
damaged. 
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pose. For different commutator diam- 
eters, different segments are needed, 
but these are inexpensive to make and 
answer the purpose very well. 

DONALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Layout of 
Lighting System and Equipment 
in Repair Shop 


B on a commereial repair 
shop are more varied and per- 
haps more severe than in the case of 
many industrial plant repair shops. 
The work coming to it ranges all the 
way from the repair of vacuum cleaner 
and other very small motors to rewind- 
ing the largest motors which it is prac- 
ticable to transport for this purpose. 
For this reason clése attention to de- 
tails in laying out the equipment and 
the illuminating system is essential. 

When we planned our new shop, the 
writer's past experience as an illumi- 
nating engineer naturally caused him 
to see to it that the lighting, both natu- 
ral and artificial, was fully adequate 
from the standpoint of the latest de- 
velopments in the lighting art. It is 
well known that our ideas have changed 
considerably in the past ten years re- 
garding the amount of light which is 
proper for industrial operations. Evi- 
dence of the practical “dollars-and- 
cents” importance of both increase of 
quantity and an improvement in qual- 
ity of illumination, has been rapidly 
piling up. „ | wi 

For daylight illumination, it was not 
feasible to provide windows on more 
than one side and in a small portion 
of another side, but at these places 
the maximum amount of window area 
obtainable was installed, as is shown 
in the illustration. 

In a shop where armature winding 
is an important part of the work, good 
diffusion of light is important. That 
is, light must come from many direc- 
tions. This is but another way of say- 
ing that freedom from shadows is 
essential. Again, as most of the wind- 
ing work is on the stators of induction 
motors, the lighting should be such as 
to give a minimum of shadow in the 
stators in which the coils are being 
placed. In order to provide this good 
diffusion, the entire interior of the shop 
was given a coat of white paint, ap- 
plied by an air brush. A small port- 
able air brush outfit made by the De- 
cora Manufacturing Co., Richmond, 
Calif., was used in this work. This air 
brush outfit is a part of the shop equip- 
ment, as it is used for cleaning and 
painting motors and also for finishing 
lighting fixtures in another department. 

Painting the shop white was an im- 
portant factor in getting well diffused 
light, both by night and by day, as 
the reflection from the ceiling and walls 
helps to eliminate annoying shadows. 

As will be seen from the illustrations, 
the lighting equipment consists of bare 
bowl-enameled lamps. The omission of 
reflectors is not due to carelessness or 
a desire to save first cost, but to delib- 
erate design. In a low-ceilinged shop 
of this kind, with walls and ceiling 
white, a much better quality of diffused 
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illumination is obtained by omitting the 
reflectors. By omitting the reflectors, 
much of the light from the lamps 
strikes the ceilings and upper walls, 
from which it is reflected back onto 
the work. If opaque reflectors were 
used, the light at any one point on a 
winding bench would come largely from 
the lamp and reflector units which are 
of relatively small area compared to 
the reflecting surfaces offered by the 
upper walls and ceiling. The result 
would be much sharper shadows and 
less comfortable conditions as regards 
glare. As to the glare from the bare 
bowl-enameled lamps as compared to 
bowl-enameled lamps in steel reflectors, 
it is obvious that the brightest objects 
within the range of vision in either case 
are the tips or bowls of the lamp bulbs 
and these are, if anvthing, less bright 
on the bare lamps. If opaque reflectors 
were used, the ceiling would be consid- 
erably darkened and the contrast of 
the reflectors against the darker ceil- 
ing would offer an element of glare. 
What has been said must not be 
taken as an argument against the use 
of reflectors. Their use is advisable 
in a large number of cases where, on 
account of high or dark-colored ceilings. 
it is not feasible to obtain much diffused 
reflection from the upper walls and 
ceiling, but it should be emphasized that 
the blind following of one common type 
of construction sometimes leads to un- 
necessary expense and inferior results. 
As a general proposition for an ar- 
mature shop, indirect lighting is the 
best. In the case of this shop, how- 
ever, indirect lighting was not as nec- 
essary as in larger shops, and condi- 
tions were not so favorable as though 
the ceiling were plain and not cut up 
by joists. The conditions of work in 
the shop are not such that the licht 
sources are within the range of vision 
steadily for any considerable length of 


Bare, bowl-enameled. 200-watt 
lamps furnish the light in this 
shop. Note the enclosed, exter- 
nally-operated switches on the test- 
ing board at the right. 
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time. The work benches, lathe, shears 
and coil winding machine are all so sit- 
uated that the men do not face light 
sources when at work. The armature 
winding benches are in the center of 
the room, but when winding stators, a 
man’s head is usually inclined so that 
the lamps are out of the field of vision. 
The room shown is about 16 ft. by 33 
ft. and is lighted by eight 200-watt 
bowl-enameled lamps. The illumination 
on the working planes is from 15 to 
18 foot-candles. 

The equipment of the shop is shown 
in the illustration. Trucks can be 
backed in one end of the shop and 
motors picked up by the hoist which 
runs on an I-beam the length of the 
shop. The power driven machines con- 
sist of one lathe, one coil winding ma- 
chine and an emery and buffing wheel. 

The old-fashioned testing board with 
open knife switches and various ex- 
posed live contacts was eliminated in 
conformity with the safety regulations 
now in force in California. While ex- 
posed live parts are, of course, per- 
mitted in electrical testing shops and 
laboratories under the rules of the Cali- 
fornia Industrial Accident Commission, 
it was felt that the common testing 
operations in a motor repair shop did 
not necessarily call for more hazardous 
construction than used in any other 
industry. 

The motor and testing circuits are 
controlled by the standard externally 
operated switches now required in all 
industrial plant work in California. 
For testing purposes, two- and three- 
pole receptacles of various capacities 


are provided and controlled by exter- 


nally-operated switches. 

We use a portable electric oven for 
baking coils, so that it can be moved 
to any convenient point in the room. 
Ordinarily, it is placed at one end in 
line with the hoist. It is connected by 
a three-conductor plug and cord to the 
three-phase power circuit. The oven 
measures 20 in. by 36 in. by 82 in. and 
has two Cutler-Hammer flat, air-heat- 
ing, 600-watt elements. 


President. J. R. CRAVATH. 
Pioneer Electric Co., 


Richmond, Calif. 
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Industrial Uses of 


Structural Slate 
(Continued from page 585) 


the pressure when the drill is about 
to break through, to prevent a large 
scale from breaking away at the 
back. Whenever possible it is well 
to finish a hole by drilling in from 
the back as soon as the point gets 
through, as doing so prevents pieces 
breaking out. : 

Another use of slate is for special 
table tops, as in tanneries, for mak- 
ing tanks and vats for dye works, 
and tanneries, and so on. The par- 
ticular advantages of slate as a ma- 
terial for these purposes are that it 
is non-absorptive, is not affected by 
the liquors, and also because it has 
a very low co-efficient of expansion, 
so that the joints do not work loose 
and break the cement which fastens 
the slabs together, as would be the 
case if the material expanded and 
contracted with changes of tempera- 
ture. Slate is also commonly used 
for the tops of work tables used in 
the manufacture of candy, because 
the candy does not stick to the sur- 
face. Also, the surface can be easily 
cleaned or scraped and will remain 
smooth and even. 


Editor’s Note: Acknowledgement is 
made to the Structural State Co., Pen 
Argyl, Pa., for the photographs and 
information used in this article. 


Visual Record for 


Motor Failures 
(Continued from page 518) 


check on the work of each of his 
maintenance foremen. The foreman 
knows this and consequently does his 
best to keep the tabs off his cards. 

When a red tab appears on a card 
an investigation is made at once. 
Possibly the record on the card may 
show that bearing or oil trouble is 
the cause of the failures. In this 
case roller bearings are substituted 
for the sleeve bearings. In some 
cases it is necessary to take a load 
test on the motor by means of a 
graphic meter to determine what 
steps should be taken to eliminate 
the cause of the failures. 

Since the system is easily under- 
stood and can be quickly grasped by 
anyone, it provides a good indicator 
by which the electrical superintend- 
ent can acquaint the plant manager 
with conditions in the electrical de- 
partment. The necessity for new or 
improved power-drive equipment, 
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more maintenance men, and the like, 
can be quickly verified by the graphic 
record shown by the system. 

The advantages of this system 
may be summed up in the following: 

(1) It enables the electrical super- 
intendent to keep his hand on the 
pulse of his department. His atten- 
tion is quickly attracted to the trou- 
blesome motors of the 38,000 under 
his care and steps can be taken to 
eradicate the trouble at once. 

(2) Since the cards are filed by 
divisions, the electrical superintend- 
ent knows exactly what foreman to 
hold responsible for an undue num- 
ber of failures. This acts as an in- 
centive to the foreman to make a 
good showing. 

(3) The system provides the elec- 
trical superintendent with a way of 
quickly showing his superior what 
the operating conditions are in his 
department, and will help to justify 
his request for more or better equip- 
ment, or more men. 


Groundwork Before 
Erecting Lineshaft 


(Continued from page 523) 


to the concrete ceiling. For this 
purpose we use Brohard expanded 
shells. We have found that 5-in. 
bolts with the proper size of ex- 
panded shell will hold any footing 
except possibly for the larger sizes 
of shafts, which are seldom sup- 
ported from the ceiling. To install 
these, holes are drilled into the ceil- 
ing, the shells driven into place and 
then the plank footing is attached 


by screwing up the bolts, which ex- 


pands the shell in the concrete and 
gives a firm grip. A hole 4 in. deep 
with the proper size shell to take a 
9 3-bolt is satisfactory. 

Figs. 5 and 8 show an installation 
of a shaft on a concrete ceiling in a 
paint mill. The same method was 
used to hold up an Tbeam for a 
monorail. 

Whenever a building is wired and 
the power is available we use a Syn- 
tron electric hammer for drilling 
into the concrete. If power is not 
available, a man with a hammer and 
a star drill does the work. Some- 
times it is necessary to drill holes 
entirely through the concrete, 
countersink the bolt heads, and 
patch up the floor. 

A concrete ceiling probably fur- 
nishes the most satisfactory founda- 
tion for supporting a lineshaft as it 
transmits comparatively little vibra- 
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tion through from the floor above. 
Also, the deflection is comparatively 
slight. With these two factors 
eliminated the shaft is not likely to 
get out of alignment easily. How- 
ever, it is always good practice to 
go over a shaft and check up the 
alignment after it has been in op- 
eration a short time and at frequent 
periods later. 

There is still another problem of 
installation which occasionally 
comes up and is usually not easy to 
solve. A recent case of this kind 
was met in extending a lineshaft 
down through the center of a room 
with a high ceiling where there was 
nothing upon which to support the 
shaft hangers or footings. A few 
special columns consisting of extra- 
heavy 6-in. H-beams were erected by 
sinking one end in the concrete floor 
and fastening the other to the ceil- 
ing construction. Two parallel lines 
of extra-heavy, 7-in. ship channels 
were bolted crosswise to these H- 
beams. Wall brackets were used 
which had special projections or 
feet cast on them to fit into the two 
channels. Pillow blocks on the wall 
bracket support the shaft. 

Sufficient allowance, however, had 
not been made for the severe service 
under which it operated and also 
more machines were added to the 
line than had been considered at 
first. As a result the shaft was too 
small and vibrated due to the high 
speed at which it operated and the 
“whip” which was transmitted back 
to it from the centrifugal machines 
which it drives. This was over- 
come by inserting additional 
brackets and pillow blocks midway 
between those already installed. 
These support the shaft on 4-ft. 
spacing instead of the standard 8-ft. 
spacing, but would not have been 
necessary if a slightly larger 
diameter shaft had been specified by 
the user. However, this was the 
first installation of such a large bat- 
tery of centrifugal machines and 
the effect of the whip was unknown. 
This is an SKF ball-bearing instal- 
lation operating at 600 r.p.m. 

As mentioned at the beginning of 
this article, experience is a very im- 
portant factor in lineshaft installa- 
tion work. It is quite difficult, in 
some cases, to tell just exactly how 
a special installation will stand up 
until it is tried out. 

EDITORS NorE: All of the illustra- 
tions shown in connection with this 
article are of installations made under 
the supervision of Mr. Trimm in his 


work as millwright superintendent for 
the Chicago Pulley & Shafting Co. 


November, 1925 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 


writing to the manufacturer whose name and 


address are mentioned. It 


is always advisable to state the name and number of bulletin or catalog 
e ny desired, as given in these columns. 


Electric Locomotive for Industrial Serv- 
ice—Book 250 is a 56-page catalog 
of trolley, storage battery, third rail, 
combination battery and trolley, and 
combination battery and third rail 
electric locomotives for industrial 
service. This book is well illustrated 
with a large variety of installations 
as well as a detailed description of 
the various types of units.—Good- 
man Mfg. Co., 4840 Halsted St., Chi- 
cago, Ill. 


Flexible Couplings—Circulars announce 
a new flexible coupling known as 
the Sykes Universal shaft coupling. 
This consists of hubs fitted on the 
shaft with lugs projecting outward 
and a sleeve cast in halves with in- 
ternal lugs fitted over this. Connec- 
tion between the two is made by 
balls resting in races or grooves 
formed in these lugs. Claim is made 
that this coupling will take care of 
a limit of angularity of 5 deg. and a 
limit of offset of 4 per cent of the 
maximum bore. This coupling is at 
resent manufactured in shaft sizes 
rom & in. to 8 in—Farrell Foundry 
& Machine Co., Buffalo, N. Y. 


Charging Plugs and Receptacles—A 72- | 


page Bulletin, 38, under the above 
title covers the line of derson 
single-pole, double-pole, and three- 
pole battery charging plugs and re- 
ceptacles for use in the charging of 
storage batteries for a wide range of 
commercial and industrial purposes. 
Albert & J. M. Anderson Mfg. Co., 
289-305 A St., Boston, Mass. 


Tapered Roller Bearings — Announce- 
ment is made of an improvement and 
refinement in the design of the roll 
and in the shape of the Timken 
tapered roller bearing.— The Timken 
Roller Bearing Co., Canton, Ohio. 


Portable Blower —A circular describes 
the new Sturtevant Big Midget port- 
able blower, which is designed to be 
used for blowing dust out of motors, 
generators and all kinds of machin- 
ery. This blower is held in the hand 
and the blast directed through a 
nozzle; it is also furnished as a sta- 
tionary unit.— B. F. Sturtevant Co., 
Hyde Park, Boston, Mass. 


Polyphase Transformer Test Connection 
Diagrams—Pocket-sized Bulletin 
2048, under the above title, shows 
diagrams of test connections to be 
used on Pittsburgh polyphase trans- 
formers. — Pittsburgh Transformer 
Co., Pittsburgh, Pa. 

Recording Pyrometers—A circular de- 
scribes the Brown new design, single 
and duplex (two-record) recording 
pyrometers, multiple-record record- 
ers, which can be arranged to make 
from one to six simultaneous records 
in distinctive colors on the same 
chart, and the multiple-duplex re- 
corder, which will make from two to 
six simultaneous records on each 


half of a duplex chart.— The Brown 
Instrument Co., Wayne & Windrim 
Aves., Philadelphia, Pa. 

Carbon Brushes Catalog 7 illustrates, 
describes and prices the various types 
of carbon brushes for generators, 
motors and all stationary machines. 
The different shunt connections are 
listed according to capacity and 
priced separately.—Le Valley Vitae 
Carbon Brush Co., 8608 Grand Cen- 
tral Terminal, New York City. 


Magnetic Clutches—Publication P-11 
devotes 16 pages to illustrations and 
descriptions of many new uses of 
magnetic clutches on synchronous 
motor drives, particularly where the 
starting duty is severe, as in the 
cement, flour, paper and steel mill 
industries. — The Cutler-Hammer 
Mfg. Co., Milwaukee, Wis. 

Conduit Fittings—A 2114-in.x32%-in. 
wall hanger, which is attractively 
printed in colors, illustrates the vari- 
ous types of Unitlets—steel conduit 
fittings.—Appleton Electric Co., 1718 
Wellington Ave., Chicago, III 

Welding Rods—A 28-page, pocket-size 
book entitled, “Properties of Steel 
Filler Rods for Gas and Electric 
Welding,” discusses the properties of 
iron and steel filler rods and the ef- 
fect of these properties, or the lack 
of them, upon the welding. The dif- 
ferent types of Weldite rods, their 
specifications, analysis, and the types 
of work they are to be used on, are 
also included.—Chicago Steel & Wire 
Co., 103rd St. and Torrence Ave., 
Chicago, III. 

Flexible Power Unit—A circular de- 
scribes the Superba electric flexible 
power unit which consists of a motor 
driving a flexible shaft which ope- 
rates scratch brushes, grinders, buf- 
fers, drills and other types of light 
revolving apparatus.— Sirianni & 
Trumbettas Mfg. Co., 6-8-10 Brown 
St., Carbondale, Pa. 


Capacitors—A 24-page bulletin GEA-77 
describes the value of capacitors for 
power factor correction, gives details 
as to their operation, location, and 
so on, and includes a number of il- 
lustrations in the form of charts, dia- 
grams, tables and photographs of 
installations.—General Electric Co., 
Schenectady, N. Y. 


Paint for Galvanized Iron—A folder de- 
scribes Galvanum paint which is in- 
tended to be applied directly to gal- 
vanized iron without the previous use 
of an acid wash or primer. This 
paint is made in all colors, including 
black and white. Other special paints 
for specific industrial purposes are 
also listed—Goheen Corp. of New 
Jersey, Newark, N. J. 


Industrial Electric Heating Equipment 
—An 8-page catalog illustrates and 
describes a variety of special and 
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standard electrical heating units for 
heating water and other liquids and 
compounds, air heaters, ovens and 
special heaters. Special attention is 
called to an electric pipe heater which 
can be mounted on pipes to keep them 
from freezing in cold weather.— 
Hynes & Cox Electric Corp., 406 N. 
Pearl St., Albany, N. Y 


Elestric Hoists—A 28-page catalog il- 
lustrates and describes the construc- 
tions as well as numerous applica- 
tions of the Low-Hed electric hoist, 
which is so constructed as to require 
only a small amount of head room 
below the monorail or other su ee 
—American Engineering Co., - 
delphia, Pa. 

Safety Ladders and Scaffolds—Circu- 
lars give the prices of and illustrate 
a line of safety extension ladders 
which ean te 15 for 5 
painting, millwrig „ and other 
miscellaneous industrial jobs. Bulle- 
tin 56 describes the Junior safety 
scaffold which is supported by steel 
wire ropes for painting, tuck pointing 
and other maintenance or repair work 
on the outside of buildings.— The 
Patent Scaffold Co., 1420-44 Center 
St., Chicago, III. 


Standardized Bus Supports and Outdoor 
Substations— Announcement is made 
of a new net price list on standard- 
ized outdoor substations. A 38-page 
bulletin, 31-B, contains 119 illustra- 
tions giving detailed information on 
high-tension bus supports for volt- 
ages up to and including 120 kv. 

ese supports are of standardized 
unit type with 21,000 combinations 
for standard, heavy-duty and extra 
heavy-duty service and are adjustable 
at top and bottom.—Delta-Star Elec- 
tric Co., 2400 Fulton St., Chicago, III. 


Speed Reducers— Bulletin 10-25 illus- 
trates, describes briefly, and shows 
a few installations of the latest types 
of Philadelphia worm gear and spur 
gear reducers.— Philadelphia Gear 
Works, Richmond and Tioga Sts., 
Philadelphia, Pa. 


Portable Carbide Lights — A booklet en- 
titled The burn Light“ illustrates 
and describes the various types of 

ortable and semi- portable carbide 
hts for lighting yards, mines, 
arries and so on for night construc- 
on or other outdoor night work.— 
The Alexander Milburn Co., Balti- 
more, Md. 


Underground Cable Boxes—Bulletin 25 
describes and illustrates a line of un- 
derground cable boxes for use in 
manholes or handholes, for intercon- 
necting, sectionalizing, fusing or 
plain splicing of underground elec- 
tric cables—G. & . Electric 
Specialty Co., 7780 Dante Ave., 
Chicago, III 

Ball Bearing Motors—Bulletin 25 de- 
scribes the various types of Baldor 
electric motors, which are made in 
capacities of % to 10-hp., squirrel 
cage, polyphase; 1/6 to 5 hp., repul- 
sion-induction, single phase; and 1/6 
to 2 hp., direct current. Specifica- 
tions and special applications are also 
given.—Baldor Electric Co., 4351-55 
Duncan Ave., St. Louis, Mo. 


Distant Dial Meters—Bulletin 69 de- 
scribes the Sangamo distant dial 
meter which is used with watt-hour 
meters for duplicating at a conven- 
ient location the reading of the meter 
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register, for totalizing the revolu- 
tions or strokes of engines, gener- 
ators or other machines, or for sum- 
ming on a single dial the total 
registration of a group of watt-hour 
meters. These distant dial meters 
are made in two types, for operation 
on direct current and on alternating 
current.—Sangamo_ Electric Co., 
Springfield, III. 

Automatic Control of Planers Direct 
Connected to Motors—Publication 
C-14 bearing the above title, gives 
the advantages of such control equip- 
ment, describes the principal parts of 
the equipment, its operation and 
ives details concerning it.—Cutler- 
ammer Mfg. Co., Milwaukee, Wis. 


Meter Service Devicese—A circular 
folder describes the ease of installa- 
tion of the Noark service system 
for entrance meters.—The Johns- 
Pratt Co., Hartford, Conn. 


High-Speed Induction Motors and Fre- 
quency Changers— A 27-page, paper- 
bound bulletin 41521-B, bearing the 
above title, is well illustrated with 
photographs, diagrams and tables 
and presents a complete line of mo- 
tors, alternators and frequency 
changers adaptable for application on 
modern, high-speed woodworking 
machines and other forms of ma- 


chine tools requiring high-speed 
drives.—General Electric Co., gehe 
nectady, N. Y 


Twin-Type Graphic Meter — Bulletin 
425 describes a twin- ty graphie 
meter which is provided with two 
charts so that any two items may be 
recorded simultaneously. These can 
be furnished in any combination of 
ammeter, voltmeter, wattmeter, kva.- 
meter, power factor meter, frequency 
meter, speed, pressure or vacuum re- 
corder, condenser meter or service 
recorder and the two units can be 
alike or different. The two charts 
are driven by one chart-driving 
mechanism so that the record is made 
simultaneously of the two quantities. 
—The Esterline-Angus Co., Indian- 
apolis, Ind. 

Magnetic Counter—A circular describes 
magnetic counters which are operated 
by electromagnets and used under 
conditions where it is desirable that 
the counter be placed at some dis- 
tance from the machine on which the 
count is to be taken. In this way a 
number of counters can be grouped 
together in a central or other con- 
venient place. This counter is oper- 
ated by direct current only.—The 
Veeder Mfg. Co., Hartford, Conn. 


Panelboard Practice—A 48-page catalog 
describes the Superior switchboards 
for power and lighting, panelboards 
and cabinets for lighting and feeder 
distribution panels of dead or live 
front types. Diagrams, prices and 
applications are shown.—The Supe- 
rior Switchboard & Devices Co., 
Canton, Ohio. 

Expulsion Type Fusible Primary Cut- 
out—Circular 65120 describes the 
Type E, Form A, Catalog No. 260- 
277, 100-amp., 7,500-volt fusible pri- 
mary cutout.—General Electric Co., 
Schenectady, N. Y. 


Roofing Reference Series—A series of 
five booklets contains architects and 
engineers construction service and 


design information on Barrett built- 


up roofs under the following five 
headings: I, Flat Roof Specifications; 
II, Steep Roof Specifications; IIL 
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Roof Flashing System; IV, Roof 
Drainage System; V, Dampproofing 
and Waterproofing. Each of these 
contain about 36 pages and are illus- 
trated with drawings which give in- 
formation to those interested in 
building or re-building roofs.—The 
„ Co., 40 Rector St., New Vork 
ity. 


Electrical Conduit—A folder entitled, 
“Facts Concerning Electrical Con- 
duit,“ discusses the qualities required 
in good electrical conduit and de- 
scribes the qualifications of Buckeye 
conduit and Realflex flexible steel ar- 
mor cable.— The Youngstown Sheet 
& Tube Co., Youngstown, Ohio. 


Rotary Shears—Catalog 60 describes 
the different types and sizes of ro- 
tary shares which are made to handle 
all gages of sheet metal up to and 
including 1 in. sheet steel. These 
are made in seven sizes. Shears for 
the lighter gages of metal may be 
used in many sheet metal shops of 
industrial plants for making safe- 
guards, ventilating ducts and other 
miscellaneous plant work.—The 
Quickwork Co., St. Marys, Ohio. 


Power Transmission Equipment—A new 
catalog under the above heading de- 
scribes the Rex set collars and Cinch 
(compression) couplings for line- 
shafts, pillow blocks, journal bear- 
ings, post boxes, shaft hangers, extra 
heavy duty takeups, square or spiral 
jaw clutches, sprockets and chains.— 
Chain Belt Co., Milwaukee, Wis. 


Flexible Couplings—A folder illustrates 
and gives dimensions and prices of 
five types of flexible couplings which 
Foote Bros. recommend and sell for 
use in connection with I.X.L. speed 
reducer units.—Foote Bros. Gear & 
Machine Co., 215 N. Curtis St., 
Chicago, III. 

Welding Electrodes—A 16-page booklet 
under the above title describes fhe 
characteristics and application of the 
three types of General Electric elec- 
trodes, designated as Types A, B and 
C, for use on cast iron, steel and on 
overhead welding. Brief instructions 
are given covering the use of each 
type.—General Electric Co., Schenec- 
tady, N. Y. 


Eleetric Hoists—Form 118 illustrates 
and describes the Tvpe R Roeper 
electric hoist which is made in ca- 
pacities ranging from 500 to 6.000 lb. 
—Roeper Crane & Hoist Works, Inc., 
1720-1738 N. 10th St., Reading, Pa. 


Pressure Regulators— Bulletin 1033-B 
describes the E. C. & M. automatic 
pressure regulator which is used with 
motor-driven pressure systems for 
automatically regulating the pressure 
of water, air or other liquids or 
gases. Cushion tanks to take care of 
fluctuating pressure are also de- 
scribed.—The Electric Controller & 
Mfg. Co., Cleveland, Ohio. 


Friction Clutch—A circular describes 
the Hilliard friction clutches and 
cut-off couplings which are made for 
both high- and low-speed operation. 
The pressure is applied through a 
rack and gear worm-thread move- 
ment.—The Hilliard Clutch & Ma- 
chinery Co., Elmira, N. Y. 

Electric Glue Pot—A circular describes 
the Red Crown glue pot with a snap 
action thermostat which automat- 
ically maintains the contents at the 
correct temperature and helps to 
eliminate fire risk. This pot is made 
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in TS 2-qt., and 4-qt. sizes, for 110 
and 220 volts. Other electrically- 
heated pots for melting other mate- 
rials, such as lead, babbitt, pitch, 
wax, and so on, are also listed.— 
Hynes & Cox Electric Corp., 406 N. 
Pearl St., Albany, N. Y. 


Synchronous Timer — Circular 67781, 


Class 16, describes the construction 
and operation of the Type MF-2 syn- 
chronous timer for indicating the 
time in which a device, such as a re- 
lay, performs an operation that in- 
cludes the opening and closing of an 
electrical contact.—General Electric 
Co., Schenectady, N. Y ö 


Distribution Apparatus A catalog de- 


scribes the dead-front and live- front 
switchboards, panelboard switches 
and other special equipment, as well 
as steel cabinets, pull boxes, battery- 
charging rheostats and so on, manu- 
factured by this company.—The 
Leonard Electric Mfg. Co., 3907 Per- 
kins Ave., Cleveland, Ohio. 


Stainless Steel—A 20-page booklet en- 


titled “Stainless in Industry” ex- 
plains the characteristics of stainless 
steel and shows many of the different 
possibilities for its use in various 
lines of industry.— The American 
Stainless Steel Co., Commonwealth 
Bldg., Pittsburgh, Pa. 


Valve Control—Bulletin 103-29-B de- 


scribes the Cory-Recony valve contro] 
units which permit of remote control 
through a separate power panel in 
which all circuits are opened and 
closed. Electrical braking permits 
seating with full power. This con- 
trol is designed for use on 2- to 
60-in. valves under varying pressure 
and temperature conditions.—Chas. 
Cory & Son, Inc., 183-7 Varick St., 
New York City. 


Portable Saw—A folder describes the 


South Bend portable woodworker, 
Model A-25, which is a motor-driven 
circular saw mounted on à stand 
with casters to make it portable. A 
%-hp. motor drives an 8-in. crosscut 
or rip saw. An exhaust fan and bag 
to collect the sawdust make it pos- 
sible to use this machine in places 
where dust and dirt must be avoided. 
—Koontz Bros., Electric Co., South 
Bend, Ind. 


Electric Hoists—A circular describes 


the Moto monorail hoist of M- to 
5-tons capacity, which is so designed 
that any stock motor of standard 
make may be installed; thus a plant 
may maintain a program of stand- 
ardized motorization.—Drake Elec- 
tric Hoist Co., Friendship, N. Y. 


Repulsion-Induction Motors—A folder 


describes the R. & M. Type RA re- 

pulsion-induction motors rated from 

% to 7% hp. inclusive. These are 

made to operate at 60, 50, 40 and 25 

cycles. on 110 or 220 volts.—The 

Gace & Myers Co., Springfield, 
io. 


Waterproofing and Dampproofing— 


Specification Book A, the first of a 
set of six, gives new and revised 
specifications for waterproofing mass 
concrete, cement stucco, brick, mas- 
onry, and also describes various 
dampproofing paints, oil proofings 
and quick-set for cement. Eaen 
specification is complete with full in- 
formation on how to use, quantity 
required and is illustrated with 
sketches.—The Truscon Laboratories, 
Detroit, Mich. 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


Founded 1882 as 
The Electrical Review 


McGraw-Hill Co., Inc. 
Chicago, III. 


Otos 


OW your electric power 

costs can come close 
to the bare kilowatt rate. 
Most maintenance items are 
killed by Timken Tapered 
Roller Bearings on motor 
shafts. Timken load area, 
high thrust capacity, posi- 
tive roll alignment, and 
steel-to-steel rolling motion 
end the wear which drops 
the rotor dangerously. 


THE TIMKEN ROLLER BEARING CO., CANTON, OHIO 


Timken-equipped motors 
run for months at least with- 
out added lubricant. Timken- 
equipped motors are more 
compact. And they work per- 
fectly in all motor positions. 


In plants where cost work 
is most vigilant, and in in- 
dustries which are “death to 
motors,” Timken-equipped 
motors are giving the best 
account of themselves. 
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ore Advancements from 


Again Allis-Chalmers notably advances electric motor develop- 
ment. With the introduction of a series of induction motors 
equipped with Timken tapered roller bearings, the Allis-Chalmers 
line emphasizes its position of progressive leadership. 


In these new motors more compact and more rigid design is pos- 
sible. Full speed is reached with uniform and rapid acceleration, 
all the motion being ROLLING motion. And with a very small 
percentage of ordinary lubrication and inspection requirements 
the correct initial spacing of rotor and stator is permanently 
maintained. There is unprecedented endurance for any form of 
drive. And whatever the position required, lubrication is unaf- 
fected. Even the cooling vents are better placed because of the 
compactness of the bearing housings. 


In fact, from the easier starting characteristics, to the reduced shaft 
overhang, a host of major improvements are added to established 
Allis-Chalmers excellence in design, operation and maintenance. 


Commercial installations under rigorous conditions have returned 
astonishing data—a veritable education in modern motor economy. 
Write for literature or make an immediate personal appointment 
through the nearest Allis-Chalmers office. 


ALLIS-CHALMERS MANUFACTURING CO., Milwaukee 
District Sales Offices in all Principal Cities 
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Are You 
a Bloodhound 
or a Setter 


when working out new 
operating problems that 
appear to be what they 
are not? 


ERE is a photograph of a motor 
drive that tells an interest- 
ing story. The problem first faced on 
this job was to furnish a machine 
speed so low as to seem unreasonable, 
without much expense and a compli- 
cated drive in a small space. How this 
slow speed of 40 r.p.m. was worked out 
with a standard 1,800 r.p.m. motor and 
two Morse silent chains is shown in 
this photograph. The chain connected 
to the motor reduces the motor speed 
of 1,800 r.p.m. to 267 r.p.m. and the 
second chain then reduces the jackshaft 
speed from 267 r.p.m to 40 r.p.m., giv- 
ing just what was desired, with a speed 
reduction that has high efficiency and 
gives no trouble. There might be other 
ways of doing the job, but this one 
shows how a plant man used his head 
and saved himself a lot of trouble in 
hooking up this special machine. 
While on the subject of chain drives 
I want to give vent to some ideas of 
my own that you may or may not know, 
and may or may not agree with. We 
will not try to argue but just mention 
some facts. Every now and then you 
probably hear some wild statements 
about not being able to use a chain 
drive because of the noise it makes, or 
the limitations in the speed at which 
the chain must run. It is true that 
you can’t run a chain at all the speeds 
of some direct connections of motor to 
machine, but in almost every case it is 
possible to use a chain drive without 
exceeding its speed limit of around 
1,600 ft. per min. The trouble is that 
most men do not know how to figure 
the proper chain pitch and driving 
sprocket for a chain drive, and if they 
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would only forget that they think they 
know and go to the chain manufac- 
turer for their information and give all 
possible data on the operating condi- 
tions they are facing, in nine cases out 
of ten they would learn something use- 
ful about drive arrangements and sur- 
prise their imagination. 

Now as to the matter of noise, if a 
chain drive is noisy it’s not the fault 
of the chain, but is strictly up to the 
man who thinks he knows what a chain 
will do, but doesn’t, and places an order 
on this information. Overspeeding the 
chain is actually the cause of noise 
in most chain drives. Moreover, by 
underspeeding the chain quieter opera- 
tion can be secured than by using a 
low value of chain speed in feet per 
minute. Again, if there are possible 
surges in the load on a chain, a larger 
pitch is advisable. Still again, if the 
number of teeth in the driven sprocket 
is high, this spells at once a larger 
pitch than would ordinarily be used. 
These are just statements of fact with- 
out proof, and I realize that, but proof 
can be furnished by any chain manu- 
facturer and that’s the best place I 
know of to go for the proof. All I 
want to do here is to call your atten- 
tion to these matters and suggest that 
you do no guessing with a chain drive 
but get first-hand information from a 
reliable source, and you will be sur- 
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prised how often a chain drive or a 
combination of chain drives will save 
you a headache in hooking up a motor 
in a tight place. 

Some one has said that a good engi- 
heer must have the good points of a 
blood hound and none of the bad ones 
of a setter. So take this for what it’s 
worth and when you are thinking about 
using a chain drive, or are having 
trouble with one, hit the trail of the 
chain manufacturers. Like all other 
manufacturers who have been making 
things for a long time, they have a lot 
of good information tucked away that 
you can get for the asking; but if you 
don’t ask—well you will be just like 
the setter that just “sets” until the 
man with the gun comes up and fin- 
ishes the job. 


Go CAG” 
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Using Oils and Greases for 
Industrial Lubrication 


with a discussion of what these materials are, how 
they are prepared, and considerations affecting 
their selection and application 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 

A FAIR estimate of the amount 
A of power lost or wasted in 

transmitting it mechanically 
would be approximately 10 per cent. 
Much of this loss is due to what is 
known as the friction load. A body 
started in motion will not continue 
to move indefinitely unless the force 
applied is continued. The stopping 
resistance is known as friction and 
is always present when two surfaces 
have a sliding, rubbing, or rolling 
contact. 

The amount of this friction load 
depends largely upon the character 
of the material in the shaft and 
bearing, upon the quality of the sur- 
faces in contact, the pressure be- 
tween the surfaces in contact, the 
speed of motion, and also upon vari- 
ous substances commonly known as 
lubricants which may be introduced 
between these surfaces. There are, 
then, five elements which influence 
the friction load: the character of 
the materials in contact, the quality 


of the surfaces in contact, the pres- 
sure, the speed, and the lubricant. 

Industrial plant men are particu- 
larly interested in the problems in- 
volved in overcoming friction in the 
bearings of industrial equipment, 
although similar problems exist 
wherever any two surfaces slide, 
rub, or roll on each other. Take, for 
example, an extreme case such as 
trying to rub two rough bricks 
across each other. The rough sur- 
face of one catches in the surface 
of the other and so may cause a very 
high friction or resistance to mo- 
tion, as well as considerable wear on 
the surfaces of the bricks. 

If a bar of soap is rubbed over the 
surface of each of the two bricks 
until a thick coating is applied, 
which fills the rough surfaces, they 
may then be slid on each other with 
considerably less effort or resistance 
and practically no wear or abrasive 
action, at least until the soap is 
worn away and the surfaces of the 
bricks come in contact. In this case 
the soap acts as a lubricant, and this 
illustration is a typical example of 
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An installation like this, which is in one 
of the shops of the Westinghouse Electric 
& Mfg. Co., presents several problems in 


lubrication. Here, in addition to heavy 
bearing pressures, shock loads and heavy, 
open gearing, the equipment must be oper- 
ated under rather dusty conditions, all of 
which increase the difficulty of providing 
adequate lubrication. 


the action of a lubricant. What 
actually happens here is that the re- 
sistance to motion is decreased by 
the lubricant (in this case the soap) 
and the lubricant (the soap) is worn 
out instead of the surfaces of the 
material. 

A good lubricant is a substance 
which can be placed between two 
sliding, rolling or rubbing surfaces, 
to decrease the friction between 
them, and which will keep them from 
wearing. This point cannot be 
over-emphasized as upon a clear un- 
derstanding of it depends the 
selection and use of a lubricant. 
Further, the example cited above is 
not so far from being related to in- 
dustrial lubrication problems, be— 
cause many grease lubricants are 
merely mixtures of soap and oil. 
Also, graphite serves as a lubricant 
in almost identically the same way, 
as will be explained later in this 
article. 

No matter how smoothly metallic 
surfaces are finished, or how perfect 
the surfaces may appear to be, there 
are always irregularities which 
hinder the motion of one on the 
other. Even though these irregu- 
larities are microscopic, they pro- 
duce an abrasive action which in 
turn produces heat. This heat is 
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the evidence of the friction that is 
present in the bearing or whatever 
the moving surfaces may be. 

The purpose of lubrication is to 
interpose between the two surfaces 
a fluid film of such a nature that the 
metallic surfaces may be kept apart, 
so as to substitute fluid friction for 
metallic friction. That is, the film 
of lubricant fills in these irregulari- 
ties and forms a coating over them 
in the same way that the soap cov- 
ered and “lubricate? the surfaces 
of the bricks. 


THE SOURCE OF OIL LUBRICANTS 
AND THEIR APPLICATION 


_ Mineral oil, which is the most 

common source of industrial lubri- 
cants, has been known to the world 
for centuries, but little use has been 
made of it either industrially or 
otherwise until in comparatively re- 
cent years. Today, petroleum and 
its products are more widely used 
than any other natural resource with 
the exception of steel. Many of the 
appliances made of steel would be 
utterly useless without the lubricat- 
ing qualities found in the petroleum 
products. 

The original use of petroleum, 
that is, in comparatively recent 
times, was as a burning oil, com- 
monly known as kerosene and widely 
used as an illuminant. Of course, 
this demand led to the distillation of 
crude petroleum for the express pur- 
pose of obtaining burning oils, and 
such oils were limited in their speci- 
fications to exclude the lighter, more 
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volatile and also the more explosive 
products. 

The lighter products termed 
gasoline, naphtha and benzine were 
considered as byproducts, and their 
use was very limited. This was also 
true of the heavy oils that were left 
after the distillation of the kerosene. 
The heavier products were used for 
greasing purposes until the advent 
of high-speed machinery in the de- 
velopment of. which mineral oils 
played an important part. 

This situation has now changed 
materially, due to the development 
of the internal-combustion engine 
and the automobile. The lighter 
petroleum products have now as- 
sumed a place of superiority over 
kerosene; in fact, production and 
refining of crude petroleum for 
gasoline has difficulty in keeping 
abreast of the demand for motor 
gasoline. 

The heavier oils, formerly con- 
sidered byproducts, are also becom- 
ing useful as fuel in the Operation 
of oil and Diesel engines while the 
still heavier oils form the group of 
products known as lubricating oils. 

Lubricating oils form a range of 
petroleum products from light 
spindle oil to very heavy steam 
cylinder oils. The origin of these 
oils is varied and they differ with 
the region from which they come. 
For example, the Appalachian field 
produces a high-grade, paraffin- 
base crude, free from objectionable 
sulphur and from asphalt. These 
oils, which come from New York, 
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Pennsylvania, Virginia, Kentucky 
and Tennessee, are rich in paraffin 
wax. 

Approximating these oils in qual- 
ity are the crudes found in western 
Ohio and northwestern Indiana, 
which states produce paraffin base 
crudes with traces of asphalt and 
sulphur. When these impurities are 
removed the oils are similar to the 
Eastern crudes. | 

The mid-continent field, compris- 
ing Kansas, Oklahoma, Texas and 
portions of Louisiana produces a 
variety of mixed crudes ranging in 
composition from a nearly pure 
paraffin base to a naphthene base, 
and containing varying amounts 
and kinds of impurities. The gulf 
coast field and the California field 
are producers of naphthene base 
crudes which are generally higher 
in their content of impurities than 
those from the other fields. 

The three classes of crudes are 
handled somewhat similarly but the 
yields of products are quite differ- 
ent. Paraffin-base crudes are usually 
distilled with every effort to avoid 
decomposition by heat and yield the 
bulk of the high-grade lubricants. 
Naphthene-base crudes, on the other 
hand, will yield a greater amount of 
products when cracked, while mixed- 
base crudes are usually refined by a 
combination of the two processes, 
cracking and non-cracking. 

Blending of lubricants is very 
common. They may be blended for 
viscosity, color, and other qualities. 
They may also be compounded with 
other oils such as rapeseed and lard 
oil to gain some special character- 
istic. In order to meet specific 
gravity specifications, oils may be 
mixed in certain proportions. Again, 
high cold and pour tests may be re- 
duced by mixing with oils of lower 
test. 

Compounding with oils other than 
mineral oils is often resorted to for 
obtaining special qualities. Cylin- 
der oil, for instance, compounded 
with 5 to 7 per cent of tallow oil, 
adheres to the metal surfaces and 
produces a greater lubricating effect 
than would mineral oil alone. Animal 


One of the problems of lubrication 
in plants working on cast iron is 
to have bearings tight enough so 
that the fine iron dust in the atmos- 
phere cannot get into the bearings 
and score the shafts. 

In particular, the large amount of 
conveying equipment which is found 
in many modern factories, especially 
in the automobile industry, presents 
an interesting problem in lubricat- 
ing as it is exposed to the iron dust 
in the air and cannot easily be pro- 
tected. 
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oils such as neatsfoot, lard, sperm 
and fish are used for compounding, 
as are also such vegetable oils as 
rape and castor. 

One of the vegetable oils used as 
a lubricant is castor oil, which is 
made from the castor bean. This 
lubricant was much in demand dur- 
ing the World War for use on 
aeronautical engines. At present it 
is sometimes blended with other 
mineral oils to make lubricants for 
special purposes. Sometimes castor 
oil is used alone, although generally 
some mineral oil is added, when 
breaking in new bearings, because 
its stickiness is high. Extra-heavy 
mineral oils are also used for the 
same purpose. However, when pure 
castor oil is used for running-in a 
bearing and it is then desired to 
change to mineral oil, the bearings 
and the circulation system must be 
cleaned thoroughly because the 
castor oil forms a coating like var- 
nish or shellac on the surfaces of 
the circulating lines. This coating 
is loosened by mineral oil and will 
clog the circulating system and in- 
terfere with the lubrication. For 
this reason, castor oil is seldom used 
alone, but generally has at least a 
small percentage of mineral oil in 
it to prevent the formation of this 
deposit. 

According to the results of ex- 
tensive tests by the government, 
castor oil is a heavy-bearing lubri- 
cant, and does good work for a while 
but may prove detrimental if used 
too long. It requires more frequent 
changing and renewing than do 
most other lubricants; also, it works 
better when hot, and therein is un- 
like mineral oil, which works best 
when cool. For this reason a dif- 
ferent type of lubricating system is 
usually necessary for its use. 

As stated before, castor oil has 
found favor with some operators for 
use when running-in-bearings on 
new equipment. Others find heavy 
mineral oil just as satisfactory. 
These opinions are usually based on 
the success or failure of experi- 
ments which may or may not have 
been carried on under the best 
operating conditions for the use of 
each kind of oil.. 

This difference of opinion calls 
attention to the necessity of having 
the proper conditions surrounding 
the use of any lubricant. Often, in 
the case of poor lubrication, the 
operating conditions, such as fre- 
quency of changing the oil, care in 
excluding dust or dirt, and the fa- 
cilities for applying the oil to the 
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Conditions such as shown here pre- 
sent one of the most serious lubri- 
cation problems in industry. 


This shows the large vertical 
motors which are used to operate 
centrifugal types of pulverizers in 
cement mills. The equipment oper- 
ates at high speed and the bearing 
pressures are likewise very high. 
In addition to this, the atmosphere 
is always laden with dust. 


bearings, are as much or more at 
fault than the lubricant used. Even 
the best lubricant for any certain 
condition may not give the best re- 
sults unless it is applied properly. 


WHY BLENDING AND COMPOUNDING 
ARE PROBLEMS OF MANUFACTURE 


Blending and compounding of 
oils are the problems of the manu- 
facturer and only he can hope, with 
his wide experience in handling 
petroleum products, to effect a com- 
bination of these that will be satis- 
factory and have the qualities re- 
quired of a lubricating oil for a 
specific purpose. Without this wide 
experience and the accuracy that 


goes with the large manufacturing’ 


— 


Bearing pressures are very high 
and the dust problem is serious in 
connection with the lubrication of 
kiln drives in cement plants. 

In such cases the lubricant must 
have sufficient body so that it will 
not be crushed out from between 
the bearing surfaces by the high 
pressure. 


Vol.88, No.12 


plant, all blending and compounding 
become a matter of pure guess work. 

For example, it is sometimes 
necessary to have a compounded oil 
for use where a bearing or other 
part is subjected to water. It is 
very essential that the oil used have 
the property of emulsification so 
that it can take up some of the 
water in the form of an emulsion 
and, combining with it, produce a 
tenacious film and yet retain its 
lubricating qualities. Such an oil 
can only be produced by a knowledge 
of the actions of various animal and 
vegetable oils in combination with 
mineral oils and in combination with 
each other. In addition, there is re- 
quired a knowledge of the proper 
proportioning of the various oils and 
the proper time and temperature of 
mixing so that a permanent com- 
bination will be formed. 

Again, it may be a low cold test 
oil that is required. In this case, it 
is necessary to blend certain oils to 
produce that characteristic. 

Greases constitute simply another 
method of applying oil and are use- 
ful in those places where it is dif- 
ficult or impracticable to apply an 
oil. Greases are plastic compounds 
of lubricating oils and soaps made 
from animal or vegetable fats. Most 
semi-solid greases are mixtures of 
mineral oils and saponified animal 
or vegetable fats, such as tallow, 
lard, or palm oil. They may also be 
of a pure mineral nature, such as 
petrolatum. Petrolatum, however, 
is not strictly a grease in the sense 
that it is produced by emulsion or 
saponification. Some of the viscous 
gear lubricants, however, come in 
this class, as they are pure petro- 
leum products. 


How LUBRICATING GREASES ARE 
MADE AND USED 


Some greases are composed of 
pure animal or vegetable fats such 
as tallow, lard and other non-fluid 
products. These have certain uses 
of a more or less special nature and 
do not constitute the general run of 
greases for lubricating purposes. 
Mixtures of pure, fixed oil fats and 
pure mineral greases, such as petro- 
latum, comprise another easily- 
definable group of products. 

The common greases that are met 
with in everyday problems, such as 
cup, sponge and railroad greases, 
are mixtures of soaps and mineral 
oil. These are commonly known as 
“hot and cold set” greases, the cup 
and sponge greases being produced 
by the “hot set” process, while the 
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railroad greases and axle greases are 
cold mixed. 

Cup greases are usually made 
from what is termed a “lime soap 
base,” having a content of 10 to 20 
per cent fatty oil and sufficient min- 
eral oil to bring the grease to the 
consistency required for the work. 
These greases are designated by 
numbers ranging from 0 or 00 to 
6, with each number denoting an 
increasing degree of “hardness”. 
The softer the grease, the greater 
the mineral oil content, as a gen- 
eral rule. 

“Soda soap” greases are more 
difficult to make than cup greases 
and are called sponge greases. They 
may easily be recognized from the 
texture, which is fibrous and stringy, 
due to the process of manufacture. 

Axle greases and similar hard 
greases are usually cold set greases 
and are made by mixing mineral oil, 
rosin oil and lime. Some greases 
contain fillers such as asbestos, talc, 
and soapstone, which really have no 
lubricating value. Only in rare in- 
stances where special characteris- 
tics are required is the use of these 
fillers justified. 

It is obvious that, since a grease 
is made by adding a soap or similar 
material to a mineral oil, the quality 
of the product depends largely upon 
the quality of the materials used. 
For example, the fats added should 
be pure and sweet, instead of rancid 
and gummy. Where rancid fats are 
used, in the manufacture of a grease 
some scented material is usually 
added to cover up the rancid odor. 
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Other factors in the manufacture of 
a grease over which the user seldom 
has any control are the necessity of 
proper cooking, mixing and propor- 
tioning of the different substances 
and the use of materials free from 
acids or impurities. These factors 
can be checked up by careful tests, 
but the average user does not wish 
to go to ail of this trouble. For 
this reason it is advisable for him 
to make a careful investigation of 
each grade of product when first 
purchasing a lubricant and then 
trust to the reliability of the manu- 
facturer, with perhaps occasional 
tests to see that the proper standard 
is maintained. However, more in- 
formation on the testing of lubri- 
cants will be given in a Ater article. 

One of the main reasons for using 
& grease in many cases instead of 
an oil is that the oil would run off 
the surface while the grease will 
stick until it is worked into the 
minute openings in the surface of 
the bearing. This is particularly 
true of heavy bearings and also of 
gear teeth. Until within the past 
few years grease has been generally 
considered as the only lubricant 
usable on heavy gears and bearings. 
Many of these bearing surfaces are 
not suited to retain any other lubri- 
cant. 

Present lubrication practices, how- 
ever, are tending very largely toward 
totally enclosing many of these bear- 
ings, and also gears, with the use 
of an oil circulating and cooling 
system whereby clean, cooled oil is 
circulated around through the bear- 
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ings or the teeth of the gears. Fre- 
quently enclosed gears dip into a 
bath of oil. These improvements in 
lubrication practices have resulted 
in the very economical use of lubri- 
cants. Also they have increased the 
life of gears and bearings because 
these are always positively lubri- 
cated, while dust and foreign ma- 
terial are excluded from the lubri- 
cant, which is a big step in elimina- 
ing wear. Some of the methods of 
applying the various lubricants un- 
der different service conditions will 
also be discussed in a later article. 


USES OF GRAPHITE IN CONNECTION 
WITH LUBRICATION 


There is still another substance, 
graphite, which is quite frequently 
used in connection with other ma- 
terial for lubricating the bearings 
of industrial equipment. Graphite 
is a form of pure carbon; charcoal 
and diamonds are other forms of 
pure carbon. The so-called lead 
in lead pencils is usually graph- 
ite. It also has some electrical 
uses. Graphite is mined and in its 
natural state contains a number of 
impurities. There are two forms of 
graphite, flake and amorphous. The 
flake graphite is the form most com- 
monly used for lubrication and is so 
called because it is found naturally 
in the form of flakes, somewhat on 
the order of mica. Because graph- 
ite as found in its natural state con- 
tains impurities much care must be 
exercised in its manufacture to re- 
move them. The graphite is first 
ground fine, which still leaves it in 
minute flakes. One method of prepa- 
ration involves flotation of the finely 
ground graphite in air or liquid 
where the impurities are separated 
out because of the difference in the 
specific gravity of the impurities 
and of the graphite. By special 
methods, graphite of almost 100 per 
cent purity can be obtained. 

A simple method of testing graph- 
ite for impurities in it which would 
affect the bearing is to take some 
of the graphite and place it on a 
piece of glass. If the graphite is 
rubbed down and smoothed out with 
a thin-bladed knife, the scratching 


Complicated machines in industrial 
plant oftentimes present difficult 
problems in lubrication. 


The large number of bearings and 
gears on this woodworking machine 
must be lubricated even though the 
woodworking industry creates con- 
siderable dust which settles in the 
lubricant and plays havoc with open 
bearings. Also, such equipment usu- 
ally operates at a comparatively 
high speed. In addition, in this 
installation there are several chains 
as well as bearings to be lubricated. 
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of any solid impurities can be 
heard. They will actually scratch 
the glass also. From this it can be 
seen that unless a graphite free from 
solid impurities is used in a lubri- 
cant the effect on a bearing will be 
much the same as putting emery 
dust in it. 

Although the flake graphite is a 
lubricant in itself, it is not gen- 
erally used alone but usually in con- 
nection with an oil or a grease. 
Many manufacturers can furnish 
various grades of oil or greases 
with the graphite already mixed in 
them. It is usually more difficult to 
mix a graphite with a grease than 
with an oil because of the difficulty 
of getting a proper mixture. This 
is largely because it is generally not 
advisable for a user to melt a grease 
lubricant so that the graphite can 
be more thoroughly mixed, because 
he is not familiar with the critical 
temperature and the care necessary 
in handling a grease at the melting 
temperature. Some greases would 
be spoiled by bringing them up to 
the melting temperature or at least 
would not be the same quality of 
grease when again solidified. 


How GRAPHITE LUBRICANTS ACT ON 
SCORED BEARINGS 


As stated before, even the most 
highly polished bearings in indus- 
trial equipment are not entirely 
smooth, as is shown by the micro- 
scope. The function of the graphite 
lubricant is to fill up the fine and 
even coarse openings or rough spots 
and so make a much smoother bear- 
ing surface so that it is more easily 
lubricated. For this reason graphite 
is very commonly used on scored 
bearings and also when running in 
a new bearing. It is not generally 
advisable to use graphite when oil 
grooves are cut in the bearings as 
the graphite will soon fill them up. 
If graphite is used during the run- 
ning-in period the grooves should be 
thoroughly cleaned out before the 
bearing is put on a strictly oil or 
grease lubrication basis. Graphite 
is sometimes put in with the lubri- 
cant where a bearing starts to run 
warm and it is absolutely necessary 
to maintain the machine in service, 
This is common practice among 
engineers where a shutdown would 
mean stopping the entire plant. 
Practically any old-time engineer 
can “coax” a hot bearing with 
graphite until closing down time. 
In this case, also, the bearings 
should be cleaned out at the first 
opportunity. 
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Where there is a high bearing pres- 
sure, graphite serves still another 
purpose. In some cases the lubri- 
cating oil or grease would be forced 
out from between the bearing and 
the shaft by the high pressure, as, 
for example, in heavy roll bearings, 
large gears, particularly with cast 
teeth, and in other similar duties. 

Under these conditions, the addi- 
tion of graphite to the lubricant 
gives the lubricant a body which 
separates the shaft and bearing so 
that the oil or grease is not forced 
out entirely. Many of the heavy 
gear greases contain graphite which 
is used to fill up any inequality in 
the surfaces and also to form a coat- 
ing on the teeth or bearings and 
shaft which takes the pressure and 
lubricates the surfaces in exactly 
the same way as would soap used 
on the surfaces of the two bricks 
mentioned previously. The graphite 
forms a slippery surface, fills in the 
inequalities in the surface and wears 
out instead of the metal wearing. 
An oil or a grease serves exactly the 
same purpose, although this func- 
tion may not be as easily understood 
because oils and greases do not have 
the body that graphite does. 

Because graphite will stand high 
temperatures it is very commonly 
used in connection with the lubri- 
cation of conveyors in ovens, kilns 


Paper mills offer a difficult prob- 
lem due to the high bearing pres- 
sures and the hot, wet atmosphere. 


In such cases it is not at all uncom- 
mon to use forced-circulation lubri- 
cating systems in which the oil is 
circulated through the bearings, 
cooled, filtered and returned for 
reuse. In addition, in this installa- 
tion, the chain drive is totally 
enclosed and operates in a bath of 
oil which not only protects but 
lubricates the chains. 
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and other places where the heat 
quickly destroys all other lubricants. 
In such cases it is generally mixed 
with some form of grease so that 
it can be more easily applied to the 
gears or surface in contact. Be- 
cause graphite is an electrical con- 
ductor it is not generally advisable 
to use it, except sparingly in emer- 
gencies, around electrical equip- 
ment. | 


SOME SUGGESTIONS ON THE USE OF 
OILS AND GREASES 


Fluid friction is naturally less than 
metallic sliding friction and is pro- 
ductive of little heat. The heat 
produced by friction within the 
lubricant, called fluid friction, is a 
measure of the suitability of the oil 
for the job. A bearing, for instance, 
may run excessively warm because 
of a too-heavy oil which causes an 
“oil drag’. The oil drag may be 
so pronounced that it may be mis- 
taken for bearing trouble of a me- 
chanical nature, but in reality it is 
nothing more than the friction 
within the oil itself. 

Oil that is of the correct body to 
meet the conditions of service will 
develop little friction and a well- 
designed bearing lubricated with 
the correct oil should develop little 
rise above room temperature. 

Bearings are commonly lined with 
a composition metal such as babbitt, 
or they may be bronze-bushed. These 
linings and bushings are used with 
the idea of reducing the friction in 
the bearing. It is well known that 
“anti-friction” metals have a ten- 
dency to reduce the frictional re- 
sistance to motion. Steel on cast 
iron, or on bronze, or on babbitt 
metal will produce less friction than 
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steel on steel. However, under con- 
ditions of good lubrication when a 
complete film of oil is present, the 
nature of the metals makes little 
difference as far as the frictional 
resistance is concerned. The oil, by 
maintaining a film between the shaft 
and the bearing surface, keeps the 
rubbing surfaces apart and floating 
on an oil film. 

Grease used as a lubricant has 
not the free flowing qualities 
that an oil has. The soap or sponge 
acts as a carrier for the oil, but re- 
mains also to partially nullify the 
effect of the oil. It is, therefore, 
obvious that many grease-lubricated 
bearings will run slightly warmer 
than if lubricated with an oil, due 
to the greater internal friction of 
the lubricant. In some bearings the 
clearances are so small that it is 
impossible to use anything but a 
very fluid oil. Such bearings are 
usually of the high-speed type and, 
therefore, the losses in frictional re- 
sistance must be kept as near to a 
minimum as possible. 


EFFECT OF SPEED ON THE CHOICE 
OF A LUBRICANT 


In large, slow-speed bearings, the 
clearances are large and the oppor- 
tunity of using a heavy oil or a 
grease is excellent. The frictional 
losses in the lubricant, due to the 
slow speed will be small in compari- 
son to the power delivered. On 
slow-speed shafts, frictional losses 
are a minor consideration, the main- 
tenance of the complete lubricating 
film to withstand the heavy pres- 
sures usually encountered in slow- 
speed shafts being the essential re- 
quirement. 

The speed of the rotating shaft 
has a very important effect on the 
lubricant to be used. For example, 
in the small, high-speed shaft, a light 
oil is primarily necessary for the 
small clearances. It is also neces- 
sary because, due to the high speed, 
only a quick-acting oil will form and 
maintain a constant film and a com- 
plete film that a heavy oil cannot 
form and maintain at the high speed 
of the shaft. | 

The heavy, slow-speed journal 
must have a heavier oil that will not 
run out at the bearing ends nor be 
squeezed out under the pressure of 
the shaft. It must also maintain 
the film under the conditions of slow 
speed, which are not so conducive 
to the maintenance of an oil film as 
are high-speed conditions. 

Friction of lubricated surfaces, 
therefore, is not so much a theoreti- 
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as it is a consideration of the practi- 
cal features of the best obtainable 
lubricants, as well as the conditions 
under which they are to operate. 
That is, the oil or grease should be 
of the proper viscosity to serve the 
purpose at the operating tempera- 
ture to which it will be subjected. 

Assuming that the method of 


in ovens, kilns and 
other equipment operating at high 
temperatures offer a particularly 
difficult problem in that the lubri- 
cant is melted off under ordinary 
operating conditions. 


Conveyors 


For operenng in high temperatures, 
graphite is frequerttly used, some- 
times in connection with a grease. 
The grease is used to distribute the 
B and burns out from the 
eat. 


cal problem of surfaces and speeds 
applying the lubricant is modern and 
reliable in its operation, friction of 
working surfaces becomes only a 
matter of fluid friction, which is best 
taken care of by the application of 
common-sense principles in the selec- 
tion of lubricants. Oils can be 80 
selected that they will eliminate 
metallic friction completely and 
with it, wear, abrasion and heat- 
ing, substituting for it an easily 
supplied fluid, thereby reducing 
friction to a minimum and reducing 
power losses due to friction and 
much of the bearing trouble to a 
negligible quantity. 

A discussion of the viscosity and 
other characteristics of lubricants, 
together with practical methods of 
testing them will be taken up in 
another article to appear in an early 
issue. 


EDITORS’ NOTE: Special acknowledg- 
ment is made to the Vacuum Oil Co., 
New York City, for valuable informa- 
tion and assistance in the preparation 
of this article. Other companies who 
have co-operated are: Dearborn Chemi- 
cal Co., Chicago, III.; Jos. Dixon Cruci- 
ble Co., Jersey City, N. J.; The Pennzoil 
Co., Oil City, Pa.; Standard Oil Co. 
of Ind., Chicago, III.; Superior Flake 
Graphite Co., Chicago, III.; The Texas 
Co., New York City; Waverly Oil 
Works Co., Pittsburgh, Pa. 
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One Way to 
Install Tanks to Prevent 


Bottom Rusting Out 
ROPER installation of steel 
tanks, of which practically every 

industrial plant has several, has 
much to do with their life. I found 
a good example of this several years 
ago and, as a result, now install all 
tanks in a way which prevents their 
bottoms rusting out. 

While dismantling an industrial 
plant, I removed a number of circu- 
lar steel bins that had rested on a 
concrete platform. The concrete 
projected beyond the sides of the 
tanks, and so permitted rain to run 


in between the tank bottom and the 


concrete. The bottom plates were so 
badly rusted that the tanks had no 
salvage value, and could have been 
used only a short time longer. Asa 
result, whenever possible, I keep the 
concrete back from the sides of any 
bins and tanks that I install; that is, 
I allow the tank to overhang the 
concrete by an inch or two. When 
painting, thick paint is applied to 
the bottom edge of the tank in such 
manner as to form a “drip” which 
prevents the rain creeping under the 
tank bottom. A number of tanks 
thus installed have given very satis- 
factory service. 

Bins and tanks are set on founda- 
tions that vary from earth to elabo- 
rate structures. Earth foundations 
are liable to wash out and the con- 
sequent local settlement may break 
pipe connections. Covering the area 
with crushed stone, well rammed, 


makes a better foundation. A foun- 


dation that combines effectiveness 
with good appearance, and one that 
has given the best of satisfaction, is 
made of a thin circular wall or ring 
of concrete, if the tank is circular, 
which allows the tank to overhang 
as described previously. The inside 
of this wall is filled with earth cov- 
ered with fine stone or sand, which 
supports the load in the center. 

The wall need not be reinforced 
unless it is desired to avoid shrink- 
age cracks. If the foundation is 
large, the circular form for casting 
the concrete may be made from thin 
lumber. Narrow boards, not neces- 
sarily tongue-and-groove flooring 
may be nailed to girts sawed in cir- 
cular form, which gives the concrete 
the desired shape. A foundation 
need not be constructed exactly 
round; the boards give it the shape 
of a many-sided polygon, which is 
satisfactory. C. O. SANDSTROM. 
Los Angeles, Calif, 
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How a coke plant is 


Using a Graphic Meter for 
Setting Overload Relays 


and accelerating relays on controllers for motors, 
together with typical graphic charts and an expla- 
nation of how to interpret the results obtained 


By G. A. SHARLAND 


Electrical Engineer, Minnesota By-Products 
Coke Co., St. Paul, Minn. 


HE importance of continuous 

l operation and low operating 

costs of electrical installations 
in industrial plants is a matter that 
is every year receiving greater at- 
tention by operating executives. 
High-grade equipment is purchased 
that will invariably fulfill the con- 
ditions for which it is specified, pro- 
vided that it is correctly adjusted 
and receives skilled attention. 

The protection of electrical ma- 
chinery has been gradually de- 
veloped from the exposed link fuses 
that were dangerous and unreliable 
to the accurate and perfectly safe 
circuit breakers and overload relays 


of the present day. However, for 
the overload relays and the circuit 
breakers to perform their function 
they must be adjusted to trip at 
currents that are hazardous to the 
equipment protected. While the 
current at which an instantaneous 
trip circuit breaker or overload 
relay will open, cannot be accurately 
determined by means of an indicat- 
ing or graphic ammeter, an am- 
meter, and especially a graphic in- 
strument, will enable one to set a 
breaker sufficiently closely to insure 
that the motor and driven machin- 
ery will be adequately protected. 
The advantage obtained through the 
use of the graphic meter lies in the 
fact that a visual record is ob- 
tained of the load conditions during 
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With this graphic meter set up, tests are 
made of the overload relays, the accelerat- 
ing relays, and a chart taken of the load 
cycle. This data recorded on the graphic 
meter chart makes a worth while perform 
ance record of the motor and control. 


the test and if the current is slowly 
brought to a maximum, an accurate 
record of the tripping point is ob- 
tained. 

In testing to insure that the pro- 
tective equipment is properly ad- 
justed, there are four factors to be 
considered. These are: 

(1) The setting of a circuit 
breaker or overload relay to pro- 
tect against short-circuits or instan- 
taneous overload. | 

(2) The adjustment of the time- 
limit devices on overload relays and 
circuit breakers so that momentary 
overloads can be taken care of. 

(8) The setting of current-limit 
accelerating relays on magnetic con- 
trollers to give proper protection 
during acceleration, so that the time 
of acceleration will be the minimum 
consistent with low starting current. 

(4) The protection of induction 
motors against overload and single- 
phase operation. 

Let us first consider the adjust- 
ment of the instantaneous trip and 
time-limit trip on overload relays 
and circuit breakers as mentioned in 
Cases 1 and 2 in the foregoing. A 
case in point is the Electric Control- 
ler & Mfg. Co. crane protective 
switchboard giving overload protec- 
tion to the motor on a coal-charging 
car. The motor on this car is a 
General Electric type MD-104%, 
direct-current, series-wound motor 
rated at 35 hp., 220 volts, and a full- 
load current of 173 amp. 

On this crane switchboard are two 


overload relays, one having a range 


of 150 to 800 amp., and provided 
with an inverse time-limit trip and 


the other having an instantaneous 


trip with a current range of 200 to 
400 amp. The function of the in- 
verse time-limit overload relay is to 
protect the motor against sustained 
overloads of more than 25 per cent 
in excess of its rated load, while the 
purpose of the instantaneous over- 
load relay is to protect the motor 
and driven equipment against sud- 
den and severe overloads such as 
might be occasioned by putting the 
motor on full line voltage with all 
the starting resistance cut out. 

It was decided that for proper 
protection of the motor, the instan- 
taneous overload relay should be set 
to trip at twice the full-load motor 
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current or 850 amp., and that the 
time-limit overload relay should be 
set to trip at 80 per cent overload, 
or 235 amp., in 25 seconds. 

In resetting each relay, the oper- 
ating coil of the relay was connected 
in series with a 500-amp. ammeter 
shunt and a water rheostat, all of 
which were connected across the 220- 
volt, direct-current power supply. 
By moving the plates of the water 
rheostat closer together or farther 
apart, the resistance could be 
changed and the current varied to 
meet the required value. An Ester- 
line-Angus graphic ammeter was 
connected to the shunt so as to 
obtain a graphic record of what was 
taking place. 

The setting of the instantaneous 
relay was determined by gradually 
raising the current, the plates of the 
rheostat being slowly brought to- 
gether. Time was not taken into 
consideration in determining the 
tripping point on this relay. The 
air gap in the magnetic circuit was 
then adjusted until the correct 
tripping value was obtained. Four 
tests, shown on the chart in Fig. 1, 


were made. The results were: 
TRIPPING 
CURVE CURRENT REMARKS 
A 330 As received from 
manufacturer. 
B 330 Changed adjust- 
ment of air gap. 
C 350 
D 350 


In making the tests shown in 
Fig. 1, a value of current is appie 
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Fig. 1—Graphic ammeter chart 


Fig. 2—This chart shows the trip- 
ping current and time required to 
trip on a test of a time-limit over- 
load relay. 


were made to get as close as os- 
sible to the specified tripping cur- 
rent. Adjustment of the air gap of 
the relay was made to obtain the 
proper value of tripping current. 
After this was done the time taken 
to trip for a given current was taken 
by means of a stop watch. The 
water rheostat was then set to give 
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the specified tripping value of cur- 
rent and this current was applied to 
the relay, time being taken on the 
stop watch to ascertain the length of 
time required to trip at this value of 
current. While it was recognized 
that the time could be obtained 
directly from the graphic meter 
chart, when set to travel at 12 in. 
per min., a stop watch was used as 
a check on the results. The time 
limit was adjusted by varying the 
size of the oil holes in the dash pot 
of the relay. Tests were made as 


taken during testing of trips on shown in Fig. 2. The results 

instantaneous overload relays. obtained in these tests are as 
— follows: 
to the relay which is below the trip- TRIPPING 
ping point; the current is then CURVE CURRENT TIME REMARKS 
gradually increased as is shown by A 228 28Sec. Setting as re- 
the curve, particularly in the case ro rom 
of curve C in Fig. 1, until the trip limit ‘changed. 
point is reached, when the graphic B 282 14Sec. Time limit 
meter pointer goes to zero. C97) 1280 changed again. 

. S e. 

In setting the time-limit overload D 240 27 Sec. 
relay a number of preliminary tests E 240 25 Sec. 
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The setting of the time-limit over- 
load relay was left as shown in 
curve E of Fig. 2, as it was thought 
that this was sufficiently close to 
give the motor suitable protection. 

In the starting and acceleration 
of motors it is desirable that the 
change from partial to full voltage, 
that is, the cutting out of the start- 
ing resistance, should be at a rate 
that is consistent with the capacity _ 
of the motor. In other words, as 
mentioned in Case 3 in the fore- 
going, the accelerating relays on 
magnetic controllers should be set 
to bring the motor up to speed in 
the shortest possible time consistent 
with proper protection of the motor. 

A typical example of this is a 
direct-current series motor driving 


Fig. 3—Adjusting accelerating 
relays by the use of a graphic 
ammeter. 

The first curves at the right show 
that a peak current of 250 amp. 
was reduced to 140 amp. as shown. 
by changing the adjustments of the 
acceleration relays. 
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an air compressor. This motor is 
controlled by an automatic magnetic 
controller that is caused to function 
by an automatic pressure regulator, 
which is set to start the motor at 
40 lbs. per sq. in. of air pressure 
and stop it at 85 Ib. per sq. in. 
pressure. As the equipment started 
and stopped about 300 times a day, 
it was desirable that the starting 
current be kept to the minimum 
value consistent with the motor 
being put on the line in the shortest 
possible time. 

The motor used is a General Elec- 
tric 25-hp., 250-volt, direct-current, 
series-wound motor. It is controlled 
by means of an Electric Controller 
& Mfg. Company form ASB mag- 
netic starter. This starter has four 
accelerating relays which cut out 
successive steps of the accelerating 
resistance. A 6500-amp. ammeter 
shunt and graphic ammeter were 
connected in series with the motor 
armature and the chart shown in 
Fig. 3 was taken. Full-load current 
on the motor is 95 amp., and from 
the chart it may be seen that the 
first test showed that the accelerat- 
ing current was reaching values of 
240 amp., or approximately 250 per 
cent of full-load current. By chang- 
ing the current adjustment on the 
accelerating relay this was reduced 
to 140 amp., or approximately 150 
per cent of full-load current. Under 
these conditions, the motor started 
in 2 sec. which is plenty fast enough 
for the conditions of operation that 
we have to contend with. Chart C-1 
in Fig. 3 shows the test made for 
determining the correct adjustment 
of the accelerating relays. Chart C-2 
in Fig. 3 is a high-speed chart and 
shows a complete cycle of operation 
which includes starting up, com- 
pressing air, and shutting down. 

The setting of overload relays on 
polyphase induction motors is the 
same as on direct-current motors, 
both for the current and for the 
time-limit adjustment. However, 
one of the most frequent causes of 


INDUSTRIAL ENGINEER 


the failure of polyphase’ induction 
motors is the opening of one wire 
to the motor. When this condition 
exists the motor will, if running, 
continue to operate single-phase and 
will take 173 per cent of the cur- 
rent that it would take under normal 
operation. With the overload re- 
lays adjusted to take care of over- 
loads of 125 to 150 per cent of nor- 
mal full-load current, the overload 
relays will prevent single-phase 
operation of the motors. However, 
it is essential that a check be made 
to insure that these overload relays 
are set sufficiently low to take care 
of this condition. A test was made 
on a 50-hp., 220-volt, three-phase 
motor which drives a centrifugal 
pump. This motor is controlled by 
a manually-operated compensator. 
Overload protection for the motor 
is provided by two General Electric 
Company Type P, Form C-46 over- 
load relays. Full-load current of 
the motor is 117 amp. It was felt 
that 150 per cent of full-load cur- 
rent would be the proper tripping 
point for the overload relays. Inas- 
much as 135 per cent of 117 amp. 
is approximately 160 amp., the over- 
load relays were adjusted by the 
calibration plate to 160 amp., and 
then by connecting a graphic am- 
meter in the circuit by means of a 
200-to-5 ratio current transformer 
the chart shown in Fig. 4 was taken. 
As can be seen from the chart the 
overload relays function properly at 
160 amp. It was found that the 
time required to trip was 20 sec. 
This was thought to be too long, and 
was reduced to approximately 5 sec. 

In conclusion it may be said that 
the successful. operation of motors 
depends largely on the overload pro- 
tection that they have and how 
accurately the overload relays are 
set. With the proper setting of re- 


Fig. 4—Testing the overload 
relays used with an induction motor 
to determine whether they will 
protect the motor against over- 
loads and single-phase operation. 
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lays it is possible to obtain a con- 
dition wherein one reduces to a 
minimum the number of shutdowns 
consistent with the maximum pro- 
tection to equipment. Adjustment 
of relays is easily made by means 
of a graphic meter having a high 
chart speed; this procedure has the 
further advantage of giving a per- 
manent record of the setting, both 
as to the current necessary to trip 
and the time required to act. 
3 


Are Welding Cuts Repair 


Cost in Cement Mill 

S BEING a typical instance of 

the large savings that can be 
made in plant repair work by the use 
of electric are welding in place of 
riveting, for joining pieces of metal, 
the Lincoln Electric Company's 
research department at Cleveland, 
Ohio, has compiled figures covering 
certain features of such work in 
cement mills. Based on actual and 
numerous instances of repair work 
on dust chutes in cement mills, it 
was found that a patch welded by 
the electric arc costs in tangible 
expense only about one-thirtieth of 
what the same job would cost when 
done by the riveting method. The 
following comparison of the cost of 
a repair job which requires putting 
on a 4-in. by 4-in. patch, in a cement 
mill, shows typical costs of doing 
the work. 

RIVETED METHOD 
Two men required for 2 hr. 


Operation Cost 
p sh ett $1.20 
Eit | «a lee roe a es cee Eee 60 
Rivet Beth BO esl ota ut iat .60 

!; $2.40 

WELDED METHOD 

One man required for 5 min. 
Operation Cost 
Weld! pare gn $0.08 


On this particular job where the 
riveting method was used, the cost 
Included labor, power, and rivets. 
In the case of the welded job, labor, 
power, and welding wire are 
included. 

One advantage of the arc welding 
method is that little preparation is 
required. When riveting, the equip- 
ment must be shut down in order to 
let a man get inside of the chute to 
do the riveting. Where electric arc 
welding is used, it is not necessary 
to shut down the operation of the 
chute. The job is done from the out- 
side, no holes have to be made and 
there is no occasion, as in the case 
of riveting, for matching up the 
holes in the patch and the chute, 
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Maintenance Problems 
in the Small Plant 


that have an important bearing on production, with 
suggestions on how they may be solved satisfactorily 
in the absence of a highly trained organization 


By MAURICE C. COCKSHOTT 


Engineering Department, Emsco Steel 
Products, Los Angeles, Calif. 


NE OF the difficulties inci- 
() dental to the work of the 

maintenance organization in 
the small, and especially the isolated, 
mill or plant employing approxi- 
mately 100 to 150 men, is that often 
the work must be done by less highly 
trained or specialized men than are 
found in the larger plants. The 
small plant obviously has less. of this 
work to do and so can generally get 
along with less highly trained su- 
pervision and less skilled men to 
do the work. In consequence the 
work is more likely to be conducted 
in somewhat haphazard fashion. 
Further, proper facilities may be 
lacking for handling maintenance 
and repair work in an efficient 
manner, 


These and other problems are dis- 
cussed in this article, and sugges- 
tions given on ways of making the 
best of the circumstances which re- 
sult from the conditions that are 
present in the small or isolated plant 
and cannot be wholly eliminated. 

The department which requires 
the most attention from the main- 
tenance workers is generally the 
power plant, where cleaning boilers. 
relining and repairing furnaces, and 
other similar duties occur periodi- 
cally. This, however, is such a spe- 
cial subject and the problems so 
similar in all types of plants that 
it will not be discussed further here. 
It is well to keep in mind, however, 
that in the small plant this work is 
generally done by the general repair 
gang, while in larger plants the 
power department may have its own 
gang of men. 
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Dust is one of the big factors which affect 
the operation of plant equipment, as may 
be seen here. This direct motor drive 
through a Foote Bros. Gear & Machine 
Co., Chicago, Ill., speed reducer operates 
a trough screw conveyor in a cement mill. 


In mill and factory maintenance 
there are three types of equipment 
—motors, belts and bearings—com- 
mon to practically all industries, 
which require a large proportion of 
the attention of the maintenance 
workers and the operating men. 
Continuous operation is largely de- 
pendent upon the reliability of all 
of these elements of the power 
drives. Attention given to any of 
these is usually amply repaid in 
more satisfactory operation with few 
interruptions. 

In the plant proper the equipment 
which should receive the most care- 
ful attention is the motors. It is 
not true that the motors require the 
most maintenance and attention. but 
it is generally true that the amount 
of care and attention given to them 
affects the amount of actual main- 
tenance and repair work which may 
be necessary. Inspection and care 
seldom interfere with production; 
breakdowns stop production until a 
repair or substitution can be made. 
For this reason, it is well to con- 
sider the following facts about in- 
dustrial motors. 

Except where heavy starting 
torque is required, as on fans, kilns 
and compressors, the squirrel-cage 
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motor is in general use in all in- 
dustrial plants. In mills where 
service conditions are unusually 
hard, the rugged construction n- 
ables this type of motor to give very 
reliable service. Where motors are 
housed in as a protection against 
dust and wet they will not need much 
maintenance beyond blowing out 
with an air hose at regular intervals. 
With motors of the slip-ring type, 
the brushes require attention, espe- 
cially if in a dusty location. 

It is good practice to put the 
motor overhead, or on a well-raised 
base rather than near the floor, as 
this helps to prevent the entrance 
of chips and foreign matter. When- 
ever it is necessary to place the mo- 
tor in a hot corner some air circu- 
lation may be obtained from a fan 
keyed on to the shaft, or the motor 
can be purchased with fan blades 
built in as a part of the rotor. All 
starters, controllers and relays, must 
be kept in as clean a part of the mill 
as possible, inspected regularly, and 
cleaned and lubricated. This latter 
should not be done by the regular 
oiler, but made part of the elec- 
trician’s duties. It is well to take 
a little care in choosing the place of 
mounting such equipment as gener- 
ally one side of a machine is cleaner 
than the others, due to the way the 
material is fed, or to the location of 
a window, or to other surroundings. 


How TO GET THE BEST SERVICE 


FROM BELT DRIVES 


Belt drives are another important 
and often much-neglected part of 
the power service equipment in the 
small plant. Frequently the policy 
of purchasing the cheapest belt ob- 
tainable is followed where belt life 
is short, due to the severe operating 
conditions. In such cases the cheap- 
est belt will often last as long as 
another belt which may be higher 
in price, but no better suited to the 
conditions. Under conditions which 
are ideal, and in many cases where 
they are not, it is hard to beat the 
leather belt. Any type of belt 
should, of course, be installed to suit 
the particular type of drive which 
it serves and be maintained prop- 


Proper lubrication is of prime 
importance in industries where 
dust is a factor. 


On belt conveyor installations such 
as this, the pressure grease gun 
system of lubrication has many 
points in its favor. The pressure 
under which the grease is applied 
forces any foreign matter out of the 
bearings and fresh grease into 
them. This installation was made 
by the Stephens-Adamson Mfg. Co., 
Aurora, IIL 
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erly. On drives which have paper 
pulleys, the crown should be checked 
up from time to time. In an emer- 
gency, this crown can be built up 
temporarily by means of adhesive 
tape although there are other prod- 
ucts on the market which are better 
and more lasting. All belt drives 
must be kept up to the tension that 
will give the maximum efficiency. 
Especial care needs to be given to 
new leather belts until they have 
become run in. It is not good 
policy to draw them too tight when 
installed, but rather to take up any 
stretch gradually. 

Plants which have belts operating 
under severe conditions can usually 
find one or more special types of 
belts which are made by some 
method or of some material that is 
not affected by the service condi- 
tions. There are literally hundreds 
of these belts on the market which 
are designed to be used under some 
special conditions of heat, cold, wet, 
dry, abrasive dust, shock load, or 
any of the possible combinations of 
these which may be met in industry. 
It is well to study the claims of the 
manufacturers and the construction 
of these belts and then try out the 
belt which seems to be best, taking 
care in each case to follow the 
manufacturer’s recommendations on 
method of installation, type of fast- 
ener to use, side to go next to pulley, 
crown, speed, and any other oper- 
ating factors. 

It should be remembered that be- 
cause a belt solves one difficult 
operating problem, it does not 
necessarily mean that it will work 
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as satisfactorily under other severe 
conditions. I have found that in 
hot and dusty surroundings a rub- 
ber belt, when properly applied, will 
give satisfactory service. Success- 
ful power transmission will depend, 
however, upon using a belt with the 
correct number of plies of material, 
and upon the use of pulleys of the 
proper diameter so that the belt oper- 
ates at the right speed for the power 
to be transmitted. If these factors of 
speed, plies, and diameter of pulleys 
are not properly balanced, the fric- 
tional heat will break down the ma- 
terial and the life of the belt will 
be short. The manufacturer will 
give recommendations. Another ad- 
vantage ‘of rubber belting is that 
it is waterproof. This makes it 
usable also in hot and wet atmos- 
pheric conditions. 

The belt fastener is of much more 
importance than is usually consid- 
ered. There are many types of fast- 
eners on the market and in most 
cases each of these types is made in 
various sizes for different weights of 
belts, diameters of pulleys, and so 
on. Often much of the trouble at- 
tributed to belts, and classed as belt 
failures, is due to the use of the 
wrong type or size of fastener, or 
to an incorrect application, such as, 
belt ends not square, joints not true, 
fasteners too near the end of belt, 
and so on. In choosing fasteners I 
have given preference to the hinged 
type of fastener with rawhide or 
Bakelite pins on belts up to 8 in. 
wide and of medium thickness. On 
larger sizes I use, generally, a 


fastener of the plate-and-rivet type 
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of the proper size to give sufficient 
space between the end of the belt 
and the rivet so as to decrease the 
likelihood of the fastener pulling out 
when the belt begins to age. 


MILL BEARINGS AND THEIR 
LUBRICATION 


Because bearings and their lubri- 
cation are mentioned third in the 
above list of the three most import- 
ant types of equipment which re- 
quire the attention of the mainte- 
nance and operating departments 
does not indicate that they are third 
in relative importance; generally a 
failure in any of the three elements 
affects more than merely the unit 
which has failed. 

Bearings have to withstand con- 
siderable hard usage in a mill, espe- 
cially when subjected to abrasive 
dust in the air. Also, they are 
often placed in out-of-the-way cor- 
ners where their lubrication is neg- 
lected. A trip through many mills 
would disclose places where a grease 
cup was probably installed when the 
bearing was put in, but it is now 
operating with no provision for 
lubrication because the cup came off 
and has not been replaced. All 
bearings should be looked over at 
regular intervals, cleaned and taken 
up where needed. On a bearing 
operating at comparatively high 
speed I favor the pin-cup type of 
lubricator, which is merely a cup 
with a copper wire soldered on to the 
cap and allowed to trail on the shaft. 
The heat caused by the friction of 
the wire on the shaft melts a little 
of the grease and allows it to form 
a film around the bearing. The use 
of any grease which may be on hand 
will not give the best results unless 


In this case, a different type of 
belt overcame a troublesome con- 
dition. 

Ih mule stand operates in a pulp 


mill in an atmosphere filled wit 
condensed steam which keeps the 
belt dripping wet continously. 
Belts which absorb moisture either 
stretch or shrink and on one occa- 
sion another belt on this drive 
shrunk to such an extent as to 
proak loose the drive shaft. This 

Sor 10-in., extra-heavy rubber 
ae t transmits 50 hp. at a speed of 

1.500 f.p.m. and travels over pulleys 
26 in. in diameter. These belts last 
from 14 to 16 mo. and do not shrink 
nor stretch. Previous belt installa- 
tions averaged only a few months 
in service. This Installation was 
made by The B. Goodrich Rub- 
ber Co., Akron, Ohio. 


the grease is meant for that type of 
bearing. It is particularly advis- 
able to obtain the proper pin cup 
grease for use with a pin-cup type 
of lubricator. 


THE USE OF THE PRESSURE SYSTEM 
IN MILL LUBRICATION 


Probably one of the best methods 
of lubricating the general run of 
mill bearings is by the grease gun 
pressure system. Sufficient power 
may be applied with the gun to force 
the grease into the bearings and on 
through to form a collar of grease 
around the outside that will prevent 
the entrance of dust and abrasive 
substances between the shaft and 
the babbitt or other bearing metal. 
One of the common mistakes made 
in connection with the use of a 
grease gun is to use it too infre- 
quently. 

In the case of ring-oiling pillow 
blocks or bearings, care must be 
taken to see that the rings are re- 
volving with the shaft and also that 
the oil is changed periodically. <A 
pocket flashlight can be used to in- 
spect the rings in the bearings to 
see if they are turning. On some 
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types of mill machinery a saving can 
be effected by using the oil drawn 
off from the crankcases of trucks 
and automobiles; it is, however, best 
first to strain it through a flannel 
bag to catch bits of metal and so on. 
The small amount of gasoline that 
is present will do no harm as it thins 
out the heavy oil. Bearings, so 
lubricated, however, need to be 
watched very carefully. It is not 
advisable to use this oil on motors, 
special machinery, reduction gears, 
or on equipment where the manu- 
facturer specifies a particular grade 
of oil. In such cases, it is often poor 
economy to depart from the specifi- 
cations, as the maker of the ma- 
chinery has usually experimented 
until he can recommend the lubri- 
cant that gives the best results. 

With the heavy machinery around 
the mill, such as kiln gears, crush- 
ers and so on, there is often a 
tendency to apply a too generous 
supply of oil or grease; this results 
in an untidy and dirty machine and 
often a slippery and hazardous floor. 
To prevent this the oiler should be 
instructed as to the quantity of oil 
to use, particularly so in the case 
of bearings with an overflow. I 
have tried the plan of giving an 
oiler a definite quantity of lubricant, 
which was considered sufficient for 
his shift, and telling him that there 
would be no more forthcoming; he 
usually ends up by having some left 
over. However, there is danger of 
his neglecting bearings occasionally. 
If he is an old employee and has 
been on this work for some time this 
plan can be tried out and will most 
likely work satisfactorily. 

With heavy gears and pinions, a 
grease that has to be warmed up and 
applied with a brush once or twice 
a day is an economical lubricant to 
use, as it does not collect so much 
dirt and carry it around with the 
gears. 

In addition to motors, belts, and 
bearings each industry or mill has 
certain types of machines which re- 
quire considerable attention. This 
article will discuss the maintenance 
and operation problems in connec- 
tion with various pieces of equip- 
ment. 

Bucket elevators, for example, are 
found in a wide variety of industries 
and are a type of machine that re- 
quires close care and maintenance. 
In fact, many engineers are prej- 
udiced against bucket elevators be- 
cause their maintenance cost is 
high. This high cost, however, is 
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generally due to allowing the, ele- 
vators to run as long as they will 
without attention. Experience has 
shown that in a mill where space is 
an important consideration, the 
bucket elevator, if properly cared 
for, is no more expensive to main- 
tain than any other machine, if it is 
the right type of elevator for the 
work and is used properly. 

The cost of improper use is well 
shown by the following example. In 
one mill, ore had to be elevated from 
a trommel screen to a feeder bin. 
An old, discarded, vertical bucket 
elevator was impressed into service. 
In order to get the heavy ore to dis- 
charge clear of the elevator head, 
the speed had to be increased far 
above that at which it was intended 
to operate. This resulted in a cor- 
respondingly increased wear and 
tear on all parts. Costs of the work 
done on this elevator, including the 
maintenance, were kept for the year 
and reached a total that would have 
gone far towards remodeling the ar- 
rangement and also towards in- 
stalling an indirect continuous ele- 
vator that would have, with proper 
maintenance, given good service 
with a minimum of trouble. On this 
same installation, an extra bin was 
built in to be fed by this elevator. 
This also required the addition of 
a small conveyor on top of the bins 
in order that the ore could be dis- 
tributed as required. All this could 
have been avoided by putting in the 
right type of equipment in the first 
place and having a bifurcated chute 
to each bin. 

The installation shown at the bot- 
tom of page 572 was more expensive 
to install than was necessary. In 
this casa two motors are used to 
drive a trommel screen and a small 
roll. However, one motor driving a 
jackshaft would do the work as well. 
Although group driving cannot al- 
ways be advocated, there are condi- 
tions, as here, where it can be used 
to advantage, because on this in- 
stallation if one piece of machinery 
happens to go down the other must 
be stopped. 

The handling and storing of tools 
and supplies for the maintenance 
department is not always done 
effectively. Often there is no system 


Indicating and recording instru- 
ments can, if properly used, do 
much towards reducing the main- 
tenance and operating costs of 
kilns and other equipment. These 
Brown indicating pyrometers are 
installed at the kilns of the Penn- 
sylvania Cement Co., Nazareth, Pa. 


INDUSTRIAL ENGINEER 


at all; each man is supposed to have 
his own tools, and these are fre- 
quently in a much neglected condi- 
tion. The first thing to do to im- 
prove this condition and put in some 
sort of system, is to collect all tools, 
good and bad, and place them on a 
tool account. 


PROBLEMS IN THE HANDLING OF 
TOOLS AND SUPPLIES 


Plants which have a toolroom and 
stockroom for the production de- 
partment can sometimes issue spe- 
cial tools and supplies from it to the 
maintenance department. However, 
some provision must be made so that 
the maintenance workers can get at 
their tools and supplies on Sundays, 
at night, or at any other time. 
Large maintenance organizations 
can keep their own toolrooms and 
supply stores. The small plant may 
find this too expensive. 

A plan which the small organiza- 
tion can follow is to build tool and 
supply lockers at different places 
around the plant. For example, one 
locker might be placed in the ma- 
chine or repair shop, others in vari- 
ous places in the mill at some dis- 
tance from each other, and one or 
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more outside for bars, shovels, and 
so on. Each of these should be 
stocked with the tools that are con- 
sidered necessary in the various 
locations. In the mill, for example, 
this locker could contain a hammer, 
several chisels, three big wrenches 
and any of the special tools that 
may be needed for the particular 
equipment used. The machine shop 
will need a larger selection and the 
tools for the outside locker will have 
to be selected as may be needed. 
Keys to these lockers should be 
given only to certain men, who 
should be held responsible for seeing 
that the tools are in their proper 
places and that they are taken 
care of. 

Before putting these tools in the 
lockers they should first be put in 
good shape by renewing handles, 
when necessary, putting new jaws 
in wrenches, and so on. Tools that 
have worn out beyond repair should 
go to the scrap heap, as nothing is 
more troublesome than for a man 
to find himself on a job, especially 
in an awkward place, where his 
wrenches will not grip or his chisel 
will not cut. Any extra or ex- 


pensive tools, or other equipment, 
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A typical installation of instru- 
ments in one plant. 

This installation of indicating and 
recording instruments indicates a 
convenient arrangement of meters 
which might be used to show the 
consumption, pressure or other oper- 


ating conditions at various locations 
or epartments. 
was made by the Brown Instrument 
Co., Philadelphia, Pa. As explained 
in the accompanying article, it is 
not advisable to turn valuable 
instruments such as these over to 
anyone to take care of, as they can 
easily be put out of order. The dan- 
ger of this is greatest in the small 
lant where there are only a few 
nstruments to be looked after. 


This installation 


should be let out on a tool check or 
put under the direct charge of the 
foreman. 

It is not necessary to put in an 
elaborate and complicated check 
system: this can be as simple as 
possible; all that is needed is to 
know who has the tool. In a small 
organization all that would be re- 
quired is to have a place for every 
tool, either in a drawer, or hanging 
up, with a numbered tag on it. 
Numbered checks corresponding to 
his card or time clock number, 
should then be issued to each man, 
for which he signs a receipt; on 
drawing a tool out, his check is 
placed on the tool hook. This 
method shows at a glance what tools 
are out and to whom they have been 
issued. When a man quits, he must 
first get a tool clearance before he 
receives his pay. Replacements of 
broken tools should be made only 
when the man turns in the broken 
parts: lost tools should be replaced 
only on the authority of the fore- 
man. The above outline is merely 
a guide, to be modified or enlarged 


as necessity or occasion demands. 

Maintenance work on the building 
and yard also comes under the super- 
vision of the maintenance depart- 
ment. Among other activities the 
woodwork, such as framing, bins and 
runways, and so on, should be given 
periodical coats of paint, or better 
still, be painted with a so-called 
fireproof paint. In many localities 
the insurance rate is materially 
affected by this precaution. Also, 
there should be sufficient fire hy- 
drants to enable hose lines to be 
brought to any part of the plant. 
A supply of hand fire extinguishers 
should be provided, which must be 
inspected and refilled periodically. 
Fire-fighting apparatus must be 
systematically overhauled and dis- 
ciplinary measures taken with any- 
one using fire hose for any but the 
proper purpose. 

Pumps are another piece of equip- 
ment common to all industries which 
are often very much neglected as 
long as they function. The careful 
mechanic will see that all lost mo- 
tion is taken up, the valves packed, 
and the pump kept clean and in good 
working condition at all times. One 
often wonders how the old recipro- 
cating pump, that is usually tucked 
away in a corner, performs the work 
that it does, considering the little 
attention it gets. However, there is 
always a last straw that breaks the 
camel’s back and when the almost 
forgotten pump is called upon for an 
emergency, it fails and all through 
the neglect of a little timely main- 
tenance. 


571 


The writer has been around many 
small plants, where as long as the 
equipment keeps going, no one 
worries about maintenance, and 
where the sight of good machinery 
being ruined for want of attention 
is almost akin to criminal neglect. 
The need of the application of more 
modern maintenance practices is 
very apparent in some small mills. 
It would be well for some of the 
heads of these plants to follow the 
example of the big factories, where 
proper maintenance is one of the 
mainstays of the organization, in- 
stead of being inclined to sneer at 
the “new-fangled ideas,” as is so 
often the case. 


Many good ideas come from the 
man on the job and are worth look- 
ing into. One way to get these ideas 
is through the suggestion box, by 
offering a small reward for work- 
able ideas. This is being used with 
good results by some of the most 
successful plants in the country. 


How CHARTS AND RECORDS HELP 
OPERATION AND MAINTENANCE 


Control of maintenance, operation 
and production is probably best kept 
by a study of charted records of 
everything that goes on. This can 
be done only by having a complete 
record of the why and wherefore 
of every change in operation. Un- 
fortunately, in many good mills no 
record is kept of the different factors 
that govern production, and no con- 
sideration is given to the importance 
of having a reliable check on these 
factors that really determine pro- 
duction and operation costs. Where 
pyrometers are in use it is often 
advisable to use recording equip- 
ment. The continuous record of 
operation that the charts give may 
show very plainly where saving in 
fuel or improvement in quality of 
the product may be made through 
accurate control of temperature, het- 
ter scheduling or handling of work, 
and so on. 

The value of electrical recording 
instruments, when intelligently used, 
speaks for itself, especially when 
power is being bought and such 
nightmares as maximum demand 
have to be watched closely. Also 
these records tell an interesting 
story to the maintenance organiza- 
tion of the condition of the equip- 
ment and the machinery it drives. 

The charting of the factors bear- 
ing on production are so numerous, 
differing with the type of opera- 
tions, that it is not possible to give 
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any sort of a comprehensive list of 
what should be dealt with; these 
must be chosen with regard to the 
information desired. Information 
gathered in this way shows a plant 
manager at a glance what is taking 
place and what the cost of different 
items is. A small plant does not 
need a complicated system; one that 
shows the prime factors of opera- 
tion and costs, is all that is required. 
However, some plants go so far as 
to have a staff working on these 
records all of the time and have the 
results printed and used as the main 
record of the plant. 

Recording and testing instru- 
ments must be taken care of if they 
are to work properly. Although the 
small mill cannot afford to have an 
instrument man such equipment 
should be put under the care of some 
one person, because it is not ad- 
visable to have everyone prying into 
an expensive meter with a cold 
chisel. The head electrician in the 
small plant is usually as good a man 
as any to handle the instruments. 
In any case, all delicate instruments 
should be kept locked and only one 
man have possession of the keys. 
Instruments should be housed in a 
dustproof cabinet, away from all 
vibration, and where they are not 
likely to be injured by falling 
objects. 

To get better care of the instru- 
ments is not the only advantage of 
keeping the cases locked. For 
example, in a mill using heat- 
recording instruments, the night 
shift boss once turned in a chart 
showing a very fine record of con- 
trol of the steam during the night. 
Unfortunately for, and unknown to 
him, the clock mechanism had been 
removed on the previous shift for 
repairs. It is seldom advisable to 
have the man who is responsible for 
the record supervise the instruments 
and remove the charts. 

To be of value, charts from re- 
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cording meters must be system- 
atically filed where they can be 
easily located for reference, and not 
just piled out of the way in some 
corner. If a firm goes to the ex- 
pense of buying valuable instru- 
ments, any money spent on their 
care and on the methods of extract- 
ing the most value from them, is 
well spent. 

A record of steam or fuel oil con- 
sumption, where used in a process, is 
almost a necessity, as it gives prob- 
ably the most vital factors of pro- 
duction. An accurate record, when 
checked against what was thought to 
be an intelligent guess, is likely to 
be an eye opener. For example, in 
one case a meter was installed in the 
fuel oil line to a kiln. No record 
had been kept beyond jotting down 
the amount supposed to be in the 
tank car. When checked by the 
meter it was found that the car did 
not always contain its full quantity. 
Further investigation disclosed a 
considerable amount of water with 
the oil. Also, records of production 
at different temperatures indicated 
that as good results could be 
obtained at a considerably lower 
heat, with a correspondingly 
decreased fuel oil consumption. 


WHY THE SMALL PLANT CANNOT 
NEGLECT MAINTENANCE 


Because a mill is small, and with 
new equipment running smoothly, 
is not a condition that should per- 
mit maintenance to be neglected. If 
nothing is done the time will come 
when extensive repairs cannot be 
avoided, and often must be made 
when they will interfere most with 
production. The far-seeing superin- 
tendent will, before this time, have 
his millwrights and electricians con- 
stantly looking for trouble, because 
in a mill the best way to avoid trou- 
ble is to look for it, instead of rely- 
ing on the time-honored method of 
not troubling equipment until it 
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troubles you. Needless to say, when 
equipment which has been neglected 
in this way does begin to cause 
trouble it usually seems that the 
trouble begins to happen almost 
everywhere at once. 

Plants which have tried out the 
plan of giving careful attention to 
equipment to see that any of the 
miscellaneous little things, which, 
if neglected, will cause trouble, find 
that this plan more than repays 
itself through decreasing break- 
downs, interruptions to service, and 
interferences with production. The 
cost of a repair is much more than 
merely the cost of the time of the 
maintenance department and of the 
material used, if the men in a large 
section of the plant are waiting idle 
for the equipment to start up again. 

The number of men and the extent 
of the organization of a maintenance 
department in a small plant depends 
upon its size and type and the 
amount of work to be done. Some- 
times a man or two with all-around 
experience constitute the nucleus of 
the departmental organization with 
the superintendent or his assistant 
directing the work. Increases in the 
force for special jobs are made by 
taking a helper from some other 
department or hiring a man tempo- 
rarily. : 

These men, whether primarily 
electricians, millwrights, or steam- 
fitters, should be instructed in the 
difference between the maintaining 
and the repairing of motive equip- 
ment and its associated connections. 
They should be encouraged in the 
reading of technical journals bear- 
ing on their occupation and their 
industry. One way of doing this is for 
the firm to subscribe to a few good 
journals, and distribute them among 
the various departments with the 
suggestion that the men mark 
articles of interest and discuss them 
thoroughly with the man who has 
supervision over their work. Read- 
ing publications dealing with an 
industry or with special classes of 
work is one of the best methods an 
industrial ‘man has to keep abreast 
of new developments and applica- 
tions of equipment. 


The answer to the question of 
whether to use group or individual 
drive depends upon the operating 
conditions. 


In this case of a mill feeding a 
screen each is driven by an Indi- 
vidual motor. Because neither can 
operate without the other, it would 
have been more economical to use 
a single motor connected to a jack- 
shaft to drive the two pieces of 
equipment. 
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Reducing Heat Loss from 
Electric Baking Ovens 


resulted in a yearly saving of $2,200 in operating 
costs on an installation of four ovens, at a cost of 


$90 for labor and material 


By C. D. CORWIN 


Works Engineer, Corona Typewriter Co., 
Groton, N. Y. : 


ECENT rearrangement of our 
R baking ovens and some com- 
paratively inexpensive alter- 
ations, based on the results of an 
investigation, rendered it possible 
for us to make a very much worth- 
while saving in the cost of opera- 
tion. These ovens, of which there 
are four, are employed for baking 
the varnish or japan finishes on our 
typewriter parts, and are of a type 
commonly used for this purpose. 
Three of the ovens originally had 
the following outside dimensions: 
Height from floor to top, 6 ft. 5 in.; 
depth from front to back, 6 ft. 4 in.; 
width 6 ft. 10 in. The fourth oven 
had a height of 7 ft.; depth 6 ft. 4 
in.; width 6 ft. 514 in. 
The walls of each oven are con- 
structed of black sheet iron inside, 


backed by sheet asbestos, with room 
left for air spaces, and have a sheet 
galvanized iron external casing. 
The thickness of the walls was about 
3 in. The ovens are of the section- 
alized type and due to this construc- 
tion may easily be taken apart and 
reset should occasion require it. 

Gasoline gas was originally used 
for heating them, but in 1916 this 
was abandoned in favor of electric 
heat. The heating coils and con- 
trols installed at that time were 
made by the General Electric Com- 
pany. In addition, the ovens are 
equipped with Schaeffer and Buden- 
berg recording thermometers, Tycos 
heat controllers and mercury ther- 
mometers. 

For several years, the ovens were 
located separately at various places 
in the finishing department, but by 
reason of a general rearrangement 
of all of the equipment in this de- 
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This view shows the four electrically- 
heated japan baking ovens after they had 


been installed in one group and additional 
heat insulation applied to reduce the radia 
tion losses, as explained in the text. 


partment, it was found feasible to 
place the four ovens in a row, as 
shown in the illustration at the be- 
ginning of this article. This group- 
ing facilitates the handling of work 
in process and also gives a much bet- 
ter appearance to the department. 

Appreciating the fact that elec- 
tric heat is costly and that wasted 
heat represents dollars, a study was 
made in order to determine the radi- 
ation losses from the ovens. 

The first tests consisted of permit- 
ting each oven and regular load to 
reach the operating temperature of 
about 400 deg. F. and then measur- 
ing by means of recording and indi- 
cating kilowatt-hour meters the 
energy input required to maintain 
the ovens at the working range of 
350 deg. F. to 400 deg. F. 

Part of the energy supplied to an 
oven is lost by the heat contained in 
the circulating air which passes out 
the uptake stack; another part 
passes to the floor and is carried 
away by conduction; while a third 
and greater part is lost by radia- 
tion from the walls and tops of the 
ovens. The object of our study was 
to reduce this radiation loss. 

During regular production as well 
as during the tests mentioned above, 
the temperatures at various points 
on the sides and tops of the ovens 
were taken by means of mercury 
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thermometers immersed in oil. It 
was found that an average tempera- 
ture of 170 deg. F. existed on the 
outside of the walls, 190 deg. F. on 
the doors and 190 deg. F. on the 
tops of the ovens. The room tem- 
perature is usually about 70 deg. F. 

An exact radiation factor for sheet 
galvanized iron was not available, 
but for our purpose it was thought 
that sufficiently accurate results 
could be obtained by assuming a 
factor that closely corresponds to 
one used for cast iron painted with 
aluminum bronze. 

This factor for flat surfaces and 
for a temperature difference of 
about 100 deg. is approximately 1.9 
B.t.u. radiated per square foot per 
degree difference in temperature. 

Computing the B.t.u. lost by radi- 
ation gave results indicating a total 
loss of 160,735 B.t.u. per hour for 
every hour that the ovens were 
actually in use. As one kilowatt- 
hour is equivalent to 3,415 B.t.u. this 
represented a loss of 160,735~3,415 
47.07 kw. hr. At a power cost 
of $.035 per kilowatt this loss 
amounted to 47.07 K. 035 81.65 per 
hour for four ovens, or approxi- 
mately $.41 per oven-hour. 

The actual oven-hours per day 
vary somewhat throughout the year, 
but will average about 20 per day, 
300 days per year. According to 
these figures radiation from the 
ovens was causing a loss of 30020 
g. 4182, 460.00 per year. 

In order to reduce this loss it was 
apparent that more or better insu- 
lation was required. The location of 
the ovens was such that their backs, 
after insulating, would form a par- 
tition between a hallway and the 
oven room proper. 

Simple tests were made to deter- 
mine the relative heat conductivity 
of Pyrobar. This is a gypsum-base 
product used extensively for parti- 
tions which carry practically no 
loads. These tests demonstrated that 
the heat conductivity was very low 
and as this insulation was to be 
finished with plaster on the hallway 
side, Pyrobar blocks measuring 12 
in. by 24 in. by 4 in. were used. 

Considerable old, air-cell pipe 
covering was also available and this 
was flattened out and placed against 
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The backs of the ovens form one 
side of a hallway leading into the 
finishing department. 

After the additional heat insulation 
had been put on, scratch and finish 
costs of plaster were applied over 


it and then painted to match the 
other walls and partitions. 
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the outside walls of the ovens so as 
to form a layer approximately 1 in. 
thick. The Pyrobar blocks, laid in 
cement-sand-lime mortar, were 
placed against this. i 

The ovens were reset so that there 
was, on the average, about 1½ in. of 
space between them. Inasmuch as 
we do not always operate all of the 
ovens at the same time, we filled the 
space between them with scrap, air- 
cell insulation mixed with asbestos- 
fiber cement. 

On the hallway side the insulation 
was given a scratch coat and a finish 
coat of plaster and then painted to 
match other partitions in the fac- 
tory. A rear view of the ovens is 
shown in one of the illustrations. 
The tops of the ovens were covered 
with asbestos-fibre cement, making 
an insulating coating approximately 
3 in. thick. The doors were insu- 
lated on the inside by a 2-in. sheet 
iron envelope packed with the as- 
bestos-fibre cement. 

We allowed a week for the insula- 
tion to dry out thoroughly before 
measuring the heat loss. Another 
test then showed that practically no 
rise in temperature took place on the 
side-wall surfaces. The doors 
showed a temperature rise of 30 deg. 
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F., due quite largely to the fact that 
their construction was such that con- 
tinuous metal existed in many places 
from interior to exterior surfaces. 
The tops of the ovens showed a rise 
of about 15 deg. F. 

For a 30-deg. rise the radiation 
factor is 1.55 for flat surfaces; as 
these are so close the loss after 
putting on the additional insulation 
was computed using the factor 1.6. 
The loss by radiation was figured to 
be 5.04 kw. per hour for four ovens, 
or 1.26 kw. per actual oven-hour. 
On a yearly basis this would be 
300420 1.26 $.035—$262.50. The 
net estimated yearly saving is, 
therefore, $2,460.00 — $262.50 = 
$2,197.50. The job cost about $90. 

Aside from the direct saving the 
time required to bring the ovens 
from room temperature to the work- 
ing temperature was also short- 
ened. The foregoing shows the sav- 
ing on a relatively small baking 
installation. The quantity of heat 
wasted in baking and similar opera- 
tions in industrial plants is un— 


doubtedly quite large and in many 
instances a little thought and plan- 
ning will make possible a saving 
that is many times greater than the 
necessary investment. 
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Practical advice on 


Brush and 


Commutator 
Maintenance 


including the more im- 
portant things to watch 
for and how to go about 
checking them in case of 
commutation trouble 


By E. S. HOWE 


Service Manager, Westinghouse Electric 
International Company, Mexico City, 
Mexico 


INCE the general adoption of 
S auxiliary commutating poles, 

great progress has been made 
in obtaining sparkless commutation 
under varying load conditions. 
During this period manufacturers 
of brushes have made minute studies 
and analyses of types, grades and 
qualities of brush materials and 
commutating conditions. The oper- 
ating man had best adhere closely to 
the instructions of brush manufac- 
turers regarding the use and appli- 
cation of the different grades of 
brushes. There is little to be gained 
by individual experiments unless it 
is based on the huge mass of infor- 
mation and experience already col- 
lected by the brush manufacturers. 
There are, however, certain points 
that may well be considered in an 
analysis of commutating troubles 
and which help to make the study a 
logical one and not a matter of 
pure guesswork. 


PROPER POSITION AND SPACING OF 
BRUSHES ARE IMPORTANT 


First of all carbon brushes should 
be evenly spaced around the commu- 
tator. Equal spacing is very 
important. When brushes fit prop- 
erly in their holders, the most 
accurate method of spacing is to 
pass a narrow strip of paper under 
the brushes and entirely around the 
commutator. Paper from an adding 
machine roll or a few feet from the 
strip chart of a graphic meter is 
very convenient for this work. 
Mark on the paper the position of 
the toe or heel of one brush on 
each brush arm. On removal of the 


accurate measurement will 
show the actual spacing and what 
adjustments are necessary for equal 
spacing. Repetition of the process 
finally results in exactly equal spac- 


paper, 


ing around the commutator. Or, 
having determined the exact circum- 
ference of the commutator by means 
of the strip, it may be divided into 
a number of sections equal to the 
number of brush arms. The brush 
arms are then set to the marks on 
the strip. 

Of course, the brush arms must 
be exactly parallel to the shaft. To 
check this point, turn the commu- 
tator until the brush arm under test 
has the toe of the brush along a 
mica segment. Parallel brush edges 
and mica segments will show 
immediately that the alignment is 
correct. If the brushholder studs 
are not parallel to the commutator 
segments, the brush span is 
increased as shown in Fig. 2. This 
is equivalent to using a thicker 
brush which increases the short“ 
circuit current as is explained later 
in the article. 

Current should divide itself even- 
ly among the brushes. None of the 
brushes should take less than its 
full share, for that would throw 
excess load on the other brushes. 
To this end the spring pressure 
must be kept equal on all brushes. 
Small spring scales commonly used 
by amateur fishermen and sold in 
sporting-goods houses are admirably 
adapted for measuring brush pres- 
sure. The scale should be hooked to 
the brush or brush pigtail and not 
to the brush spring. The measure- 
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Fig. 1 — Determination of the 
proper position of the brushes by 
“kick neutral” is the easiest, al- 
though not the most accurate, 
method. The set up shown here 
is given in detail in Fig. 4. 


ment is made by slightly lifting the 
brushes, one by one, and measuring 
the spring pressure directly on the 
spring balance. This method auto- 
matically corrects for the weight of 
the brush itself. The brushes on the 
top of the commutator add their 
weight to the spring pressure, while 


those underneath subtract their 


weight from the pressure of the 
springs. It is not sufficient to meas- 
ure the force required to lift the 
spring alone because the friction of 
the brushes in their holders varies 
and vitiates any measurement of the 
spring tension alone. 

An old rule for brush pressure 
was about a pound per square inch 
of brush surface or, slightly more 
pressure, if commutation continued 
unsatisfactory. This was when 
commutation requirements were not 
always sparkless from no load to 
full load and over. Such a lenient 
rule is no longer acceptable. Brush 
manufacturers have definite recom- 
mendations for pressure for any 
type and application of brush. These 
recommendations should be known 
and applied. Undercut commutators 
require less pressure than commu- 
tators with flush mica. Nowadays 
a manufacturer may recommend a 
pressure anywhere from ½ to 7 lb. 
per sq. in. Crane and railway 
motors require higher brush pres- 
sure than do stationary motors, 
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because of the vibration to which 
these motors are subjected. One 
brush manufacturer recommends a 
pressure of 3 to 5 lb. per sq. in. for 
crane motors and 4 to 7 lb. per sq. 
in. for railway motors. 

Sparking due to high mica might 
be reduced with brush pressure in 
excess of the manufacturer’s recom- 
mendation but obviously the really 
conscientious operator will not allow 
himself to be misled by such tem- 
porary improvement. He will cor- 
rect the real trouble; that is, remove 
the high mica so as to make a 
permanent correction before 
abnormal wear takes place on the 
commutator. 

Brushes must be of a size that 
will fit closely without binding in the 
brush holders. They must not be too 
big because then they will stick and 
not move freely up and down with 
the eccentricity of the commutator, 
if any exists, and also because the 
spring pressure will lose its full 
effectiveness. They must not be too 
small because then they will wobble 
about within their brush-holders, 
wearing their sides excessively and 
then naturally wearing new contact 
surfaces with the commutator. A 
new contact surface will, until worn 
in over the whole face of the brush, 
reduce the area of contact and hence 
the total commutating capacity of 
the brush. Furthermore, the slight 
cavity between the commutator and 
the part of the suface not yet worn 
in, becomes a fine pocket for the 
collection of dirt and the breeding 
of trouble. So careful attention to 
the fit of brushes in their holders 
is paramount. 

There is no advantage in having 
a large clearance between the brush- 
holder and the commutator. A 
normal clearance of ½ in. is satis- 
factory. This amount may be 
varied slightly so as to make the 
clearance the same on the front and 
rear of the holder if desired. 

The inclination of the brush is 
another important item for consid- 
eration. Inclination varies mark- 
edly with the quality and composi- 
tion of the brush. There is no rule 
except to use the recommendation of 
the manufacturer for the carbon 
brush in question. I remember a 
rotary converter with unsatisfactory 
commutation and noisy operation, on 
which satisfactory commutation, 
quiet operation and smooth-run- 
ning brushes were obtained simply 
by changing the direction of rota- 
tion of the armature. This had the 
effect of changing the angle of 
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inclination of the brushes in regard 
to the commutator rotation. In 
short, if trouble exists, one of the 
points to check is the inclination of 
the brush used as compared with 
the maker’s recommendations. 


METHODS OF CHECKING NEUTRAL 
POSITION OF BRUSHES 


In the older machines the best 
brush position for any given load 
was found by moving the brush 
rigging forward in the direction of 
rotation with increasing load on a 


ll 


Fig. 2—Brushes must be parallel 
to the commutator segments. 


If the brushes are not parallel to 
the commutator segments, the effect 
of greater brush width is pro- 
duced, as is shown in the figure. 
This results in increasing the short- 
circuit current in the brushes, due 
to the fact that more commutator 
bars are spanned. 


4 


iT- 


| 
5 
] 
1 
{ 
| 
| 


pi 


generator, and backward from 
neutral with increasing load on a 
motor. Almost all modern machines 
have commutating poles or inter- 
poles. Such machines require the 
brushes to remain exactly on the 
neutral at all loads. In a generator, 
the auxiliary pole or commutating 
pole just ahead of a main pole, in 
the direction of rotation, is of oppo- 
site polarity to that main pole. In 
a motor, the auxiliary pole is of the 
same polarity as the main pole of 
which it is just ahead. Proper com- 
mutating pole connections for the 
machines are sometimes perma- 
nently made in the factory. More 
often, since the ultimate. direction of 
rotation desired is unknown, the 
only permanent connection is 
between the armature and inter- 
poles. Both are reversed with 
reversal of direction of rotation so 
far as connection with shunt and 
series fields is concerned, but on the 
other hand remain in the same rela- 
tion, one to the other. The com- 
mutating. field connections should be 
carefully checked to insure that the 
fields have the proper polarity. 
Templets are furnished so that 
brushes may be reset exactly on 
neutral, for the larger machines. 
Even when furnished these templets 
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are often mislaid or otherwise not 
available and a check is desired to 
find the exact neutral, so that the 
brushes may be properly located on 
the commutator. Four methods are 
available: the hairpin method, the 
“kick” method, the two-directions- 
of-rotation method, and “running” 
neutral. 

For the first method, a short piece 
of insulated wire is bent to form 
a hairpin with the ends spread apart 
about the width of a commutator 
segment. While the machine is 
running this hairpin is carried along 
the edge of the commutator near a 
brush. The point of least sparking 
denotes neutral. The brushes should 
then be moved to this spot and the 
hairpin again carried along the 
commutator edge until finally the 
test shows the minimum sparking to 
be under the brush. This method 
is open to the objection that two 
or more points of minimum sparking 
might be found and obviously the 
brushes could not be left permanent- 
ly in two positions. If there is a 
hump in the commutating field of 
the machine, due to an improper 


interpole field strength, such a con- 


dition showing three points of mini- 
mum sparking is possible. Fig. 3 
illustrates a condition of this 
character. 

The “kick” method of determining 
neutral is applied without load and 
with the motor or generator at rest. 
All the brushes are raised from the 
commutator except two which are 
beveled to an edge. The leads from 
the armature are disconnected from 
the line. The two beveled brushes 
are connected to a low-reading volt- 
meter. The connections for this 
test are shown in Fig. 4. Full volt- 
age is then momentarily applied to 
the shunt field and the “kick” or 
induced voltage is noted on the volt- 
meter. The beveled brushes are 
moved as need be until a position is 
found that shows no “kick” or volt- 
age induced in the voltmeter circuit. 
This position is neutral and is the 
proper center line of the brushes. 
The objection to this method is that 
any deviation of the mechanical 
assembly or the magnetic circuit 
from exact symmetry would render 
inaccurate the readings at no load. 

The third method is more difficult 
to apply but leads to more accurate 
results. The machine must be run 
as a motor during this test. It is 
run under load while the speed is 
taken. It is then run in the oppo- 
site direction, loaded with exactly 
the same load and the speed taken 


December, 1925 


again. If the two speeds are not 
equal, the brushes are moved and 
the two runs repeated until equal 
speeds are obtained in each direct- 
tion. The precautions that must be 
obseryed are many. The line volt- 
age must be the same during runs 
in each direction. The temperature 
of the machine must be the same. 
The field current must be the same. 
The bearings must be in excellent 
condition so as to give no change in 
friction. The relation or direction 
of shunt field and series field flux 
must not change. Equally import- 
ant, the brushes must fit exactly in 
the brushholders otherwise they will 
move and not hold the same con- 
tact surfaces during operation in the 
two directions. 

The fourth method of finding 
neutral, known as “running” neutral, 
is based on the fact that if the 
brushes are in the correct no-load 
neutral position, no voltage will be 
generated by the commutating-pole 
flux when the machine is running on 
open circuit with the commutating 
winding separately excited. The 
connections for making this test are 
shown in Fig. 5. A beveled brush 
is placed in each of two adjacent 
brush arms, the same as for deter- 
mining “kick” neutral. A low-reading 
voltmeter is connected across these 
brushes. The commutating field is 
disconnected from the armature and 
other windings and arrangements 
are made for exciting it with from 
2 to 4 per cent of full-load current 
by use of resistors in series with 
the line voltage. The shunt field 
is separately excited and arranged 
with a reversing switch so that the 
polarity of the shunt field may be 
reversed at will. 

The machine is then brought up to 
normal speed and by momentarily 
exciting the shunt field in a reverse 
direction, the main field poles are 
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demagnetized, until no deflection 
shows on the lowest scale of the low- 
reading voltmeter. Any deflection 
then obtained by exciting the com- 
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Fig. 3—In some cases the hairpin 
method of finding neutral will give 
misleading results. 


If there is a hump in the commu- 
tating feld of the machine, due to 
improper interpole or commutating 
pole strength, as at A and B, three 
pointa of minimum sparking at the 

airpin may be obtained. The true 
neutral is midway between A and B. 


mutating poles will be due to the 


commutating-pole flux alone. 
Excite the commutating poles with 
about 2 per cent of their normal 
current and shift the brushes until 
no deflection is obtained on the low- 
est scale of the voltmeter. The 
residual magnetism in the main poles 
must be checked from time to time, 
keeping it at as low a value as pos- 
sible by demagnetization, as has 
been explained. After determining 
the best brush position at the 2 per 
cent value of commutating pole 
excitation, repeat the test using 
about 4 per cent exciting current. 


Fig. 4—“Kick” neutral is deter- 
mined with the motor or generator 
at rest. 


All the brushes are raised from the 
commutator, except two in adjacent 
arms. hese brushes are con- 
nected to a low-reading voltmeter. 
Line voltage is temporarily applied 
to the shunt fleld and the kick or 
induced voltage noted on the volt- 
meter. The brush arms are shifted 
818 no kick is noticed on the volt- 
meter. 


N Shunt field 
coils 
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If no difference is found, reverse the 
current in the commutating field and 
try again, still remembering to check 
the residual magnetism in the main 
poles from time to time. 

This method gives very accurate 
results if carefully used. Since the 
machine is running, errors due to 
brush resistance or to a brush rest- 
ing on mica only are eliminated, 
thereby making this method prefer- 
able to the “kick” method. 


MODERN BRUSHES Do NOT REQUIRE 
LUBRICATION 


Not many years ago it was con- 


sidered necessary to lubricate 
brushes to obtain satisfactory 
results. Undoubtedly the lubrica- 


tion helped commutation but it 
brought with it extremely undesir- 
able contingencies. The lubricant 
worked into the commutator mica 
and greatly shortened its life; 
likewise it helped attract dirt which 
collected under the brushes. Now 
lubrication is no longer supplied by 
hand. The necessary lubricant is 
applied by the brush itself. This 
lubricant consists of graphite which 
is a constituent part of the brush. 
It varies in amount according to the 
use for which the brush is designed. 
Brushes for flush-mica commutators 
need a high percentage of abrasive 
material to keep the mica worn 
down and hence less graphite, while 
brushes for undercut commutators 
are designed to give minimum wear 
and so they have a high percentage 
of graphite or lubricant. 


The manufacturers of brushes 
decide what composition their own 
brushes of various grades shall have 
but usually guard the analysis with 
great secrecy. The operating man 
must be content with the manufac- 
turer’s general description of his 
brushes and his specific recom- 
mendations for their uses. These 
recommendations are based on long 
experience and tests. They should 
be followed very carefully. 

Not only is the load current car- 
ried by the brushes but in addition 
the armature coil or coils momen- 
tarily short-circuited by the brush as 
the corresponding commutator seg- 
ments pass under the brush produce 
a short-circuit current that passes 
into and out of the surface of the 
brush. This short-circuit current 
serves no useful purpose and the 
more it can be reduced the better. 
While the coils are short-circuited 
by a brush a current will flow in 
them if they are cutting any lines 
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of flux at all. Even though they 
are then in the commutating zone 
midway between main poles there 
still remains a certain amount of 
magnetic flux, the cutting of which 
by the coils sets up a short-circuit 
current. This current is shown 
flowing around the coil in Fig. 6. 


METHODS OF REDUCING SHORT- 
‘CIRCUIT CURRENTS 


One brush manufacturer claims 
for his brush of a certain grade that 
the resistance crosswise is high and 
the resistance lengthwise is low. 
Such an arrangement puts a high 
resistance in the path of the short- 
circuit current and a low resist- 
ance in the path of the main current. 

Another method of obtaining a 
similar result is to cut a narrow slot 
lengthwise in the brush, beginning 
at the surface and rising for a con- 
siderable distance into the interior, 
as shown at A, Fig. 7. This slot 
makes a very slight change in the 
path of the main current but it ma- 
terially lengthens the carbon resist- 
ance path of the short-circuit current 
and so tends to diminish that useless 
current. Another advantage of the 
slot is the additional radiating sur- 
face that it provides. However, the 
slot has disadvantages in that it re- 
duces the brush surface in contact 
with the commutator, weakens the 
brush, and provides a pocket for the 
collection of dirt. 

A third method of reducing the 
short-circuit current is to reduce the 
thickness of the brush. This change 
makes the brush span a lesser num- 
ber of commutator bars. At B, Fig. 
7 the short-circuit current is pro- 
duced by the voltage of two coils in 
series, while in C it is reduced to one 
coil because there is only one coil 
spanned by the brush. This third 
method might not be feasible to 
adopt because the reduction of brush 
cross-section might lower the carry- 
ing capacity of the brushes to such 
an extent that they would be unable 
to carry the required current. 
Furthermore, reduced thickness of 
brushes would necessitate new 
brushholders, which take time and 
money to obtain and install. A cer- 
tain modification of this method will 
ordinarily be satisfactory, but the 
brushes will require frequent atten- 
tion. It consists in beveling the 
brushes on the side where sparking 
occurs in order to obtain the reduced 
span at the contact surface, as 
shown at D, Fig. 7. This permits the 
use of the game brushes and brush- 


Fig. 5— Running“ neutral is de- 
1 while the machine is 
driven at full speed. 


The method shown in this e 
is based on the fact that if the 
brushes are in the correct no- load 
neutral position, no voltage will be 
generated by the commutating- 
pole flux when the machine is run- 
ning on open circuit with the com- 
mutating-pole windings separately 
excited. 


holders which were supplied with 


the machine. The bevel of the 
brushes must be maintained. 


SELECTION AND MAINTENANCE OF 
BRUSH SHUNTS 


When it comes to the subject of 
pigtails or shunts for brushes, the 
operator of electrical machinery 
must use his best judgment and 
depend upon his practical experi- 
ence. Shunts are made of many 
strands of small copper wire to give 
flexibility to the connection between 
the slightly moving brush and the 
rigid brush arms. It is essential 
that the brush be allowed slight 
movement to conform with the com- 
mutator irregularities, so as to 
obtain good contact at all times and 
hence give sparkless commutation. 
To insure this freedom of movement, 
the flexible shunt best serves the 
purpose. Its many small copper 
wires are sometimes made into flexi- 
ble copper cable and sometimes into 
braided copper ribbon. These small 
wires are, however, particularly 
susceptible to mechanical injury and 
to oxidation, and should be protected 
against these whenever unfavorable 
conditions are present. 

Mechanical damage to the shunts 
is caused for the most part by chaf- 
ing against other parts of the 
machine, as for example the brush 
spring. Stationary machines should 
have their brushes inspected at the 
original start-up and the shunts 
should then be arranged to clear all 
other parts without any rubbing, and 
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should remain so until the next 
inspection period arrives. Brushes 
for more severe service, as in 
vehicles, may have the shunts espe- 
cially protected. A number of 
devices are in common use and may 
be supplied by brush manufacturers 
if desired. One way of protecting 
flexible shunts is to cover them with 
insulating porcelain beads. Another 
device consists of a spiral of enamel- 
insulated steel wire which surrounds 
the shunt. 

Oxidation may be due to moisture, 
or acid fumes, or may be caused by 
internal heating due to the flow of 
excessive current through the shunt. 
To protect them against oxidation 
the individual copper wires of the 
shunt must be tinned. This should 
be done when the brush is manu- 
factured. If done afterwards the 
tinning process is likely to make the 
shunt stiff. With care it is not an 
impossible task, however, to apply a 
suitable tinned surface to the shunt. 

The terminal on the end of the 
shunt, which is fastened by a screw 
to the rigid part of the machine, 
seldom gives any trouble but in con- 
trast, the terminal that fastens the 
shunt to the carbon brush is a very 
probable source of trouble. Condi- 
tions surrounding this contact point 
must be studied and watched by the 
operating man. These contacts may 
be all right when the brushes were 
originally installed but who can say 
that they will remain so through the 
normal life of the brush? 

A common and inexpensive con- 
tact between shunt and carbon brush 
is made by forcing the end of the 
shunt into a hole drilled in the car- 
bon and then tamping the hole with 
a conducting cement. The very gen- 
eral use of this method has proven it 
to be a successful one. However, 
when brush trouble arises this 
point should be carefully investi- 
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gated in the various brushes. Ob- 
viously the cement cannot be put 
into the hole under a pressure 
greater than the breaking tensile 
strength of carbon and so there is a 
very definite limit to the contact 
that can be made by this method. 
Expansion of the copper of the 
shunt, the cement that fills the hole, 
and the carbon of the brush cannot 
be exactly the same and so brushes 
of this type that have been sub- 
jected to excessive heat or extreme 
overload may be ruined at the con- 
tact point, due to oxidation during 
undue expansion and contraction. 


AND CARE OF THE 
BRUSHES 


In another method the shunt is 
fastened behind the head of a rivet 
that passes through the brush. 
When the rivet is headed over on the 
opposite end under pressure, heat is 
also applied to melt the conducting 
cement or solder around the shunt 
and the rivet, so that it will make 
intimate contact with the carbon 
material of the brush. 

This type of contact is more ex- 
pensive to apply but is stronger than 
the one described in the preceding 
paragraph. Its advantages are due 
to the fact that the pressure applied 
is limited only by the crushing 
strength or compression strength of 
carbon, which is far greater than 
the tensile strength that limits the 
first method. Furthermore, the 
moderate heat used in fastening the 
shunt insures that the binding ma- 
terial will completely fill all the 
space between carbon and shunt. 
Due to the higher pressure used the 
danger of oxidation during expan- 
sion and contraction is greatly re- 
duced. 

A few years ago the subject of 
picking up copper by carbon brushes 
received much more attention than 
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it does today due, of course, to the 
fact that it is a much less prevalent 
trouble today than it used to be. 
Picking up copper tended to dis- 
appear with the reduction in appli- 
cation of lubricants to commuta- 
tors, and with the introduction of 
interpoles. Its causes are (1) ex- 
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Fig. 6—If the coils short-circuited 
by a brush are cutting any lines 
of force, a short-circuit current 
will flow as indicated. This short- 
circuit current serves no useful 
purpose and the more it can be 
prevented the better. 


cessive current passing between 
brush and commutator; (2) collec- 
tion by the lubricant under the 
brush of fine copper particles, pro- 
duced by the abrasive action of hard 
carbon brushes; and (8) electrolytic 
action between the commutator and 
the brush or lubricant, or both. 
Excessive currents may be due to 
overload on the generator or motor 
or, much more probably, they are 
due to excessive short-circuit cur- 
rents from the coil or coils short- 
circuited by the brush. When this 


is the case, the picked-up copper is 


Fig. 7—Some of the methods that 
may be used to reduce the brush 
short-circuit currents, are shown 
in these diagrams. 


In diagram A, a slot is cut length 
wise in the brush thereby increas- 
ing the path of the short-circuit 
current. Diagrams B and O show 
how a brush spanning more than 
two commutator bars increases the 
short-circuit current due to the fact 
that there are two coils in series. 
To remedy this condition, bevel the 
brush on the side on which spark- 
ing occurs so as to reduce the span 
at the commutator, as shown at D. 


_Commutator 


579 


deposited more heavily on one-half 
of the brush surface than on the 
other, since on one-half the short- 
circuit current and the main line 
current are added together while on 
the other half the two currents are 
opposed to each other and the re- 
sultant current is much less, being 
only the difference of the two cur- 
rents. This is illustrated in Fig. 9. 
With interpoles the short-circuit 
current is kept within smaller limits 
and so the brushes are not so prone 
to pick up copper. 

Brushes that are strongly abrasive 
wear the commutator away in mi- 
nute copper particles. Some lubri- 
cants hold these particles onto the 
brush contact surface and soon an 
irregular copper plating is formed. 
Again, where the brush material and 
the lubricant form an electrolytic 
cell with thé copper commutator, 
the electric current developed tends 
to deposit copper on all of the brush 
contact surfaces. Because there is 
a short-circuit current under all 
brushes there is current flowing 
from the copper commutator to the 
carbon brush whether the brush is 
on the positive or negative side of 
the machine. As a consequence 
there ‘is a tendency to deposit cop- 
per on the surface of all the brushes. 
Remedies are found in changing the 
grade of brush or lubricant. As an 
example, undercutting the mica 
would allow the use of a different 
grade of brush. Also, using a brush 
composed of a graphite mixture 
would require no lubrication other 
than that furnished by the brush 
itself. 

When new carbon brushes are 
used, they must be ground properly 
to fit the commutator. If they are 
sandpapered by hurriedly drawing a 
strip of sandpaper in one direction 
and then the other, under the brush, 
an exceedingly: poor contact results. 
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The carbon brush does not exactly 
fit its brush holder and with the 
sandpaper pulled in one direction 
and then in the reverse direction, the 
carbon brush moves back and forth 
in the brush holder by the amount 
of clearance or play and a composite 
surface results corresponding to the 
various positions occupied by the 
brush. Such a method, although fre- 
quently, used gives very poor re- 
sults. 

The proper method is to grind in 
the brushes by pulling the sand- 
paper in one direction only, as shown 
in Fig. 8. The direction of pull should 
correspond with the direction of ro- 
tation of the commutator. In the case 
of a reversing motor, one of the two 
directions might preferably be 
chosen for sanding one-half of the 
brushes and the other direction for 
sanding the remaining brushes. One 
brush at a time should be sand- 
papered. The sandpaper should be 
cut into strips slightly wider than 
the brush. The fingers of the right 
hand should lift the brush in ques- 
tion 1/16 to 1/8 in. from the com- 
mutator. The left hand should 
then pass the sandpaper strip, with 
the sand side toward the brush, be- 
tween the brush and commutator un- 
til the fingers can grasp only a re- 
maining inch or so of sandpaper. 
The right hand should then lower the 
brush on to the sandpaper strip and 
apply enough pressure so that the 
left hand may just pull the sand- 
paper under the brush through its 
whole length. The operation is then 
repeated again and again until the 
brush surface is ground to conform 
with the commutator. In order not 
to round the edge of the brush, the 
sandpaper must be held at the sur- 
face of the commutator throughout 
the operation. 


MAINTENANCE AND CARE OF 
COMMUTATORS 


Commutators are built of alter- 
nate segments of copper and mica 
insulation. The thin segments of 
mica are often held in place between 
the copper bars with high-grade 
shellac. The segments are tightly 
compressed to a permanent posi- 
tion by V-rings of varying design. 
This compression is applied when 
the commutator is hot and on larger 
machines, if the best building meth- 
ods are used, several tightenings 
are made between which times the 
commutator is revolved at its nor- 
mal speed and temperature. On 
large commutators especially, the 
tightening process requires an ex- 
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tended seasoning period. In some 
cases this period is not terminated 
until after the machine is installed 
and regularly operating, so that the 
operator has to complete the process 
himself. 

The manufacturer will supply in- 
formation as to the maximum per- 
missible force that may be used 
with a wrench of given length to 
tighten the bolts or ring nuts. For 
a certain type, the total pressure 
applied to the ring nut should not 
exceed 20 to 40 tons. If the stretch- 
ing point of the bolts is reached be- 
fore the safe working strains of the 
V-rings, then sometimes gains may 
be made by substituting hardened 
steel bolts for others less strong. 
Likewise, through bolts may replace 
stud bolts. It is absolutely essential 
that commutators be made tight or 
else they will constantly change and 
give poor commutation. On the 
other hand, enormous stresses are 
set up by the tightening process, 
which are augmented by tempera- 
ture expansion and the centrifugal 


Fig. 8— Points to observe when 
sanding brushes. 


(1) The sandpaper should be pulled 
across the brushes in one direction 
only. 2) The direction of pull 
should correspond with the direc- 
tion of rotation. (3) The sandpaper 
should be held against the surface 
of the commutator, as shown in the 
illustration throughout the work. 
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force of rotation. The disaster 
caused by a bursting commutator 
is serious in the extreme and so 
operators must never exceed the 
pressures allowed by the manufac- 
turer. 

Bolts must be tightened imme- 
diately after the machine has been 
run at full speed and has attained 
a commutator temperature of 80 to 
100 deg. C. It may be difficult to 
attain this temperature and various 
methods may be adopted, such as 
overload current, bad commutation 
with brushes somewhat off neutral, 
enclosure of the commutator, ex- 
ternal heating with grids, steam 
pipes or flames, or friction from 
blocks of wood. Oftentimes special 
arrangements are required to stop 
the machine quickly before it cools 
after the temperature run. 

When the commutator has been 
tightened in this manner it will be 
found to have high bars or to be 
out of round and must be ground. 
If possible this should be done 
without current in the commutator. 
Commutators can be ground when 
alive by insulating the tool holder. 
A carborundum stone is a good in- 
sulator itself, but emery paper is 
not. Small armatures can most 


readily be put in a lathe and re- 
volved at full speed while being 
stoned. Full speed is essential so as 


December, 1925 
to simulate the actual operating con- 
ditions as nearly as possible. 


GRINDING COMMUTATOR IS BETTER 
THAN TURNING 


A little thought will show it is 


impossible to turn a commutator 


exactly round with an ordinary 
lathe tool. The tool will cut through 
a copper segment with a certain 
spring. Suddenly it encounters the 
mica and springs back still more. 
As it leaves the mica and enters the 
softer copper, it springs slightly for- 
ward again, gouging into the cop- 
per. So a commutator turned with 
a lathe tool has high mica even 
from the start, albeit very slightly. 
Such is not the case with a com- 
mutator ground true with a stone or 
grinding wheel. 

Usually it is convenient to tie 
sheets of card board to the risers or 
armature leads to prevent dust from 
the stone and copper from getting 
into the armature winding. A bag 
is tied under the commutator to 
catch most of the dust just as it 
leaves the stone. The stone is ap- 
plied to the commutator just under 
the center on the side traveling 
down. Just below center is prefer- 
able because the stone will not stick 
if excess pressure is applied to it. 

Some operators prefer a carborun- 
dum wheel of grit No. 70 in place of 
a grinding stone. The wheel should 
travel in the same direction as the 
commutator travels. It is obviously 
more work to set up a wheel and its 
rotating mechanism. 

A very good stone to use is No. 
KWR-40 carborundum stone. It is 
mounted in a tool holder and oper- 
ated just like a lathe tool. If the 
beginner will content himself with 
not trying to force his grinding 
stone into the work, but will pro- 
ceed slowly and with caution, he 
should from the very first obtain 
good results. He must, however, 
give careful attention to the finish- 
ing methods. 

After the commutator has been 
ground absolutely round, it should 
be smoothed with carborundum pa- 
per, No. 70 grit, and then with No. 
00 sandpaper. These abrasive pa- 
pers work’best when pressed against 
the commutator under a block of 
wood concaved to the curve of the 
commutator. After a thorough pol- 
ishing as it revolves, the commu- 
tator will literally shine and reflect 
like a mirror. 

It is now time to undercut the 
mica. There are several motor- 
driven tools for this purpose on the 
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market. A good one consists of a 
tiny circular saw driven through a 
flexible shaft by a small motor. Or- 
dinary hacksaw blades are the right 
thickness for mica segments; so a 
broken one makes an excellent tool 
to scrape away the mica. As the 
work proceeds and the end tooth on 
the hacksaw blade gets dull it may 
be broken again and a new tooth 


Fig. 
brushes are often due to excessive 
currents—usually excessive short- 
circuit currents. 


In this case the copper is deposited 
on the contact surface of one-half 
of the brush more heavily than on 


9—Copper deposits on the 


the other. This is caused by the 
fact that on one-half of the contact 
surface of the brush, the short- 
circuit current is added to the load 
current, while on the other half 
the opposite is true as shown in the 
diagram. 


put into use. No set rule can be 
given for the depth to cut away 
the mica. 

The writer has often obtained 
exceptionally good results by simply 
scraping away a few thousandths of 
an inch with a pen knife. For 
good and lasting results 1/32 in. or 
1/16 in. is not too much. Depth of 
cut is not required for an electrical 
reason, but rather because it allows 
a triangular file to properly bevel 
the adjacent copper segment edges 
and because it leaves a bigger pocket 
of air which has a cooling effect on 
the brush while passing underneath. 

There is a theory that mica slots 
should not be undercut to the ex- 
treme outer edge of the commutator 
because so doing increases the liabil- 
ity of flashovers from the commuta- 
tor to the front V-ring. On motors 
or generators that will operate in 
dirty or oily locations this rule is 
well applied. After the undercut- 
ting is done, a small, smooth trian- 
gular file is used to chamfer the 
edges of the copper bars. Martin- 
dale or Keller Bros. commutator 
files are especially adapted for this 
purpose. After chamfering, the 
commutator will require smoothing 


581 


again. No. 70 grit carborundum 
paper must be used. Sandpaper is 
not suitable because it will not cut 
off the minute copper burrs made 
by the triangular file. This little 
item of chamfer, improperly fin- 
ished, has caused more than one 
otherwise well-done job to result un- 


satisfactorily. It must not be over- 
looked. 
Not all commutator troubles 


originate in the brushes or commu- 
tator. A well-known source of 
trouble is in the soldered joints of 
the risers from the commutator 
necks, or of the cross connectors of 
the armature, perhaps at the oppo- 
site end from the commutator. 
Another source is in unequal mag- 
netic conditions in the various field 
poles. Still another is in the con- 
tact surfaces of the several parallel 
current paths from the brushes to 
the common collector. In searching 
for causes of commutation trouble, 
it is well to consider that the 
brushes are in parallel paths and 
for correct commutation these paths 
must have nearly equal resistance 
and magnetic conditions both within 
and without the armature. 

There are other causes external to 
the commutator and brushes which 
should be considered when hunting 
the reason for poor commutation. A 
common one is an open circuit in an 
armature coil. Sometimes this may 
be cured by shorting out the coil, but 
obviously the more satisfactory rem- 
edy is to rewind the armature. Un- 
equal air gaps often cause sparking, 
the cure for which is to shim up the 
short poles or grind off the faces of 
the long ones. Worn bearings are 
frequently the cause of unequal air 
gaps. Excessive vibration some- 
times causes commutation trouble. 
This may come from the pound of 
a reciprocating engine driving the 
machine, an unstable foundation, or 
even a poor belt lacing. Short-cir- 
cuit current between brush studs is 
usually caused by an unbalanced 
armature winding. Obviously the 
best solution in this case is to con- 
sult the manufacturer of the ma- 
chine. 

It is well to remember that con- 
stant sandpapering should be 
avoided. Good results are some- 
times obtained by simply letting the 
commutator alone, so it may get its 
proper, natural finish—a beautiful, 
deep chocolate color. 


Epitors’ NOTE: Acknowledgment is 
made to the Westinghouse. Electric & 
Mfg. Co., East Pittsburgh, Pa., for 
some of the illustrations used in this 
article. . 
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This article explains 


What Re-Entrancy Means 


in Lap and Wave Windings 


with some examples and simple rules governing 
the relations and principles involved in connecting 
singly and doubly re-entrant windings. 


By A. C. ROE 
Renewal Parts Engineering Dept., Home- 
wood (Pa.) Works, Westinghouse 
Electric & Mfg. Co. 
and 


D. H. BRAYMER 
Consulting Editor, Industrial Engineer 


O HELP eliminate some of 
| the confusion in the minds of 
repair shop men regarding 
re-entrancy as applied to single and 
double (or duplex) lap and wave 
windings, some examples of typical 
windings and rules for connecting 
them will be discussed in the follow- 
ing pages. 

All single, closed-circuit windings, 
that is, lap windings in which the 
top and bottom leads of any one coil 
attach to adjacent bars, and two- 
circuit (single) wave windings, 
where the coils in series are equal 
to one-half as many coils as there 
are poles, end on a bar either one 
bar ahead ọf or behind the one 


1 3°$-7-9-H-13-15-17-1 av 
2-4-6-0- -12-4 -16 +8 -20(220r 2) 


started on. When the above condi- 
tions are fulfilled, the winding will 
be singly re-entrant regardless of 
the number of bars. 

In a lap winding, when the top and 
bottom leads of any one coil connect 
to bars 1 and 3, that is when there 
is one bar between the top and bot- 
tom leads for any one coil, the wind- 
ing is called duplex, and will have 
twice as many paths or circuits as 
poles. If the total number of bars 
is an even number, the winding will 
be doubly re-entrant. Fig. 1 shows 
a double lap winding (eight-circuit) 
four poles, with 20 bars and slots, 
the coil pitch being l-and-6. The 
heavy line coils show one winding 
and the light lines the other wind- 


Figs. 1 and 2—These “API 
show, left, a four-pole duplex 
(eight- circuit) lap winding that is 
doubly re- ent rant, and, right, a du- 
plex (eight- circuit) lap winding 
that is singly re-entrant. 


e of connections 
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HERE ARE SOME points to 
bear in mind regarding re- 
entrant windings: 

(1) In all cases, regardless of 
the number of poles, the 
winding will be singly re- 
entrant when the lead pitch 
expressed in bars, is an odd 
number, such as 9, 11, 13, 
etc. The winding will be 
doubly re-entrant when the 
lead pitch in bars is an even 
number, such as 8, 10, 12, etc. 
(2) From the above it fol- 
lows that a singly re-entrant 
winding is one in which all 
the coils are passed through 
in regular sequence before 
the winding closes on itself, 
while a doubly re-entrant 
winding is one in which the 
winding closes on itself after 
passing through one-half the 
coils, thus forming two sep- 
arate windings which are not 
interconnected. 


ing. When any duplex winding is 
doubly re-entrant the armature will 
have two distinct and separate wind- 
ings. In Fig. 1 the full lines repre- 
sent the top halves of the coils, and 
the dotted lines the bottom coil half. 
In Fig. 1 the top lead of coil 1 con- 
nects to bar 1 and the bottom lead 
of coil 1 connects to bar 3. Follow- 
ing this path we pick up coil 3, 
bar 5, coil 5, bar 7, coil 7, bar 9, 
bar 11, coil 11, bar 18, coil 18, 
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bar 15, coil 15, bar 17, coil 17, 
bar 19, coil 19, the bottom lead con- 
necting to bar 1. Thus, after pass- 
ing through ten coils, the winding 
closes on itself, but there is another 
winding sandwiched in between the 
first one traced out. Starting on 
bar 2 and tracing through, we pick 
up ten coils and end on bar 2. These 
two windings do not interconnect 
and if a test light were placed across 
bars 1 and 2, the lamp would not 
light. If the test were made be- 
tween bars 1 and 3, or 2 and 4, a 
light would be had. The notation 
given on Fig. 1 gives the circuit 
from bar to bar of each winding. 

Next, consider Fig. 2 which shows 
a four-pole lap winding with eight 
circuits, and 21 bars and slots. In 
this winding coil 1 is connected to 
bars 1 and 3. Starting at bar 1 the 
circuit progresses to bars 3, 5, 7, 9, 
11, 18, 15, 17, and 19, to bar 
21 which is one behind the starting 
bar. Thus the winding does not end 
on itself, but continues on to bars 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, and 
then to bar 1, which closes the wind- 
ing after passing around twice. 
This winding is said to be singly 
re-entrant. 

From the above, the following 
rules for double or duplex lap wind- 
ings can be given: 

(1) A double lap winding can have 


any number of bars, odd or even, re- 
gardless of the number of poles. 

(2) With an odd number of bars 
the winding will be singly re-entrant. 
With an even number of 
winding will be doubly re-entrant; that 
is, divided into two separate windings. 

(3) With a doubly re-entrant wind- 
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ing a light can be obtained, when test- 
ing out, only between bars spaced 
l-and-3 apart. 

_ (4) With a singly re-entrant wind- 
ing the windings are interconnected; 
hence a light will be obtained between 
adjacent bars, and also between bars 
spaced l-and-8. This latter is the cor- 
rect light-out. 


From the above it follows that 
when taking data the type of wind- 
ing, that is, whether lap, single or 
duplex, singly or doubly re-entrant, 
can be determined by selecting any 
one coil and top lead, and lifting 
two top leads on either side of the 
top lead selected, which can be left 
in the bar. Then hold one test lead 
on this bar and try the adjacent bar 
on either side. If a light is ob- 
tained, the winding is single lap, 
but if a light is obtained on a bar 
that is l-and-8 from the data coil 
lead bar, then the winding is duplex 
lap and the re-entrancy is deter- 
mined by the total number of bars, 
as explained above. 

For duplex windings the brushes 
must be wide enough to cover at 
least one and one-half bars. The 
re-entrancy of a winding does not 
have any effect on the rotation or 
polarity of a motor or generator. 

Fig. 8 shows a double-duplex, 
four-circuit wave winding, for four 


Figs. 3 and 4—At the left is a 
four-circuit, four-pole wave wind- 
ing that is retrogressive (short 
pitch) and doubly re-entrant, as 
dicated by the lead pitch in bars 
being an even number (8). At the 
right is a four-circuit, four-pole 
wave winding that is retrogressive 
(short pitch) and singly re-entrant, 
as indicated by the lead pitch in 
bars being an odd number (9). 
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poles, 18 bars and slots, coil pitch 
l-and-5, lead pitch l-and-9. For a 
double wave winding, the total num- 
ber of coils must satisfy the formu- 
la: L= (B22) -P, or the series of 
P coils must end two bars ahead of 
or behind the bar that the series 
started on. Then for Fig. 8 the for- 
mula becomes, L==(18—2) —2=8, or 
l-and-9, or L could be (1842) 2 
10, or 1-and-11, which would give a 
progressive, double, doubly re- en- 
trant winding. In Fig. 3 the series 
of P coils starts on bar 1, goes 
through coil A, to bar 9, to coil i, 
then to bar 17, which is two bars 
behind the one started on. Note 
that the heavy lines represent one 
winding, the bars being marked by 
shading lines. Continuing the series, 
we go from bar 17 to coil q, to bar 7, 
coil g to bar 15, coil o, to bar 5, 
coil e, to bar 18, coil m, to bar 3, 
coil c, to bar 11, coil k, and thence 
to bar 1, or the winding closes on 
itself after passing once around the 
armature and through half of the 
coils. In this case the winding 
touches only the odd-numbered bars. 
The second winding starts at bar 2, 
and proceeds around the armature 
to bars 10, 18, 8, 16, 6, 14, 4, 12, 
and back to bar 2. Two separate 
windings are thus formed. With a 
brush in contact with bars 1 and 2, 
and also bars 5 and 6, a four-circuit 
winding would be indicated. 

Fig. 4 shows a four-pole, retro- 
gressive, wave winding having four 
circuits, singly re-entrant, with 20 
bars and slots, coil pitch l-and-6, 
lead pitch l-and-10. Note that this 

(Please turn to page 604) 
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EN engaged in safety 
work in industrial 
plants generally estimate 
that it is possible to safe- 
guard against approxi- 
mately 90 per cent of indus- 
trial aceidents; for the other 10 per cent the worker 
alone is responsible. This would indicate that safe- 
guarding alone is not adequate, and that the men must 
be trained so that they will not only take full advantage 
of the safeguards and not remove them or evade them, 
but, in addition, will do their work carefully so as not to 
endanger themselves or their fellow workers. 

The necessity of safeguarding workers by teaching 
them the careful way to do their work is particularly 
apparent in the case of men who are engaged in main- 
tenance and operation. These men often find it neces- 
sary to remove guards to get at machines for repair 


The Best 


Safeguard Is a 
Careful Man 


or other work in which they may be endangered by the 


accidental starting of the machine and, in general, they 
are frequently exposed to unusual hazards. 

Foremen in charge of such work should always watch 
a new man to see whether he is inclined to be careful 
or reckless in performing dangerous tasks. If he 
neglects to take the necessary precautions or is other- 
wise careless, the foreman should show him the safe 
way to do the work and insist that he practice it. 

In no department of an industrial plant is the axiom, 
“The best safeguard is a careful man,” more true than 
in the maintenance and operating departments. 


— 


ORKING conditions 


Healthful in many industrial 
W orkrooms Make plants are not always ideal. 
for E fficienc However, the fact that 

y noteworthy advancements 


in industrial sanitation and 
hygiene have been made during the past few years 
is well shown by the changed attitude of insurance 
companies toward workers in occupations that were 
formerly considered hazardous. For example, textile 


INDUSTRIAL ENGINEER 


INDUSTRIAL ENGINEER 


Devoted to the Maintenance and Operation of 
`à Electrical and Associated Mechanical Systems in Mills and Factories 
* — 


Vol.88, No. 12 


workers were steadfastly refused insurance because the 
dust was considered to be injurious, and a high death 
rate from tuberculosis existed among them. In fact, 
this class was about the last to be exempt from special 
rating even when accepted. Now the entire force of 
men and women, of all ages, in big textile plants is 
being accepted under group insurance. 

An investigation made by the Prudential Insurance 
Company in connection with its group insurance shows 
that the majority of plants are conscientiously co-oper- 
ating with health departments and have installed the 
most modern and effective devices so far produced to 
protect their workers from the dangers of dust, fumes 
and gases. Engineering science has been so successful 
in perfecting mechanical ventilation that there need be 
little difficulty in finding the proper equipment to meet 
any particular need. 

Poisoned or even devitalized air is now recognized 
as a fundamental cause of loss to the employer and 
danger to the employee. Several states have laws re- 
quiring exhaust hoods on all machines for the buffing, 
polishing or grinding of metal, so as to carry away 
all dust given off in the process. 

In the matter of providing exhausts for the removal 
of noxious fumes and gases, considerable advancement 
has also been made. Many states have standard regula- 
tions for the proper ventilation of factory buildings. 
For instance, New Jersey has a code of sanitary and 
industrial engineering standards and all manufacturers. 
and contractors have to file definite engineering plans 
for the ventilation apparatus before the installations 
can be made. Window ventilation is not sufficient in 
workrooms where processes require the use of volatile, 
poisonous preparations or chemicals. The aim now 
is to confine vapors and dust at the point of origin, and 
to remove them to the outer air in such manner as to 
prevent them from contaminating the air of work- 
rooms. 

Apart from humanitarian considerations, money 
spent for equipment that will conserve the health and 
increase the efficiency of employees, may be considered 
to have been put into a gilt-edge investment. 


— E 


FTENTIMES the 

practical man takes 
pride in pointing out some 
makeshift of his devising 
that has served its pur- 
pose well. This feeling of 
pride is, no doubt, frequently justified by the results 
obtained or the purpose served. However, it does not 
pay to overlook the fact that in an emergency, when it 
is of the utmost importance to keep the wheels turning, 
it may be necessary to make use of devices or expe- 
dients that are not worthy of a permanent place in an 
installation of equipment. Even though such make- 
shifts have rendered good service, it is seldom advisable 
to leave them in operation after the emergency is past, 
or longer than is necessary to secure standard equip- 
ment with which to replace them. 

By their very nature, makeshifts cannot, as a rule, 
be expected to have, nor do they have, the same relia- 
bility and efficiency that are built into the equipment 
put out by a reputable manufacturer. He has at his 
command designing skill and manufacturing facilities 


Makeshifts Are 


Not Intended for 


Permanent Use 
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that no maintenance department or repair shop can 
hope to equal. 

Makeshifts should be considered only in the light and 
for the purpose for which they are intended: temporary 
use until they can be replaced with standard equip- 
ment. In any industrial plant continuity of production 
is too important to be jeopardized by the false economy 
that will permit a poorly-designed and clumsily-built 
device to take the place of equipment that has proved 
its worth under the searching test of service. 


— 


HE shortest days of 

the year are now with 
us, and it is at this time 
that the plant lighting 
system is used most inten- 
sively. It has been proven 
times without number that an investment in adequate 
plant illumination pays large returns. Let, are we 
always getting all that we should from our investment 
in artificial illumination? 

The first requisite of adequate illumination is that 
there be a sufficient number of lighting units, properly 
placed. The next requirement is that the light be 
directed towards the working space; in other words 
that the least possible amount of light be wasted. It 
is for this reason that we have reflectors. But the 
usefulness of a reflector is easily and rapidly lost 
through the accumulation of dirt upon it. There are 
undoubtedly thousands of high-grade reflectors rotting 
away with dirt and rust, without performing the work 
for which they were purchased. 

Approximately 50 per cent of the cost of an indus- 
trial lighting unit is in the reflector. Reliable tests 
on typical installations show that on an average the 
loss of light when reflectors are not regularly cleaned 
amounts to nearly 50 per cent of that available when 
cleaning is done systematically. In other words, half 
of the investment in a lighting unit produces half of the 
light. 

Failure to clean the reflecting units periodically, 
results in a waste of not only half of the investment 
in lighting equipment but also in a loss of half of the 
light that is actually available. 


Do You Need More 


Lighting Units or 
Cleaner Reflectors? 


— 


ANY delays are oc- 
casioned and much 
time is lost unnecessarily 
by failure of those who are 
seeking information on 
equipment, particularly 
electrical equipment, to give all of the data needed be- 
fore an intelligent answer can be given. Manufacturers 
of industrial equipment, and others who are in position 
to give advice, are frequently called upon for informa- 
tion which they would be glad to give, but in many 
instances the data sent are so incomplete that it is very 
difficult or impossible to give an answer that is any- 
thing more than a guess, which is just about as likely 
to be wrong as correct. Under such circumstances it is 
necessary to write for additional information. This is 
not only annoying, but it is a needless waste of effort 
on the part of everyone concerned. 
Thirty years or so ago, when there were compara- 
tively few manufacturers of electrical equipment, and 


Complete Data 
Make It Easier to 
Answer Questions 
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each one produced at the most only a few items, the 
terms “three-phase motor,” “transformer,” and so on, 
meant much more than they do now, when there are 
scores of manufacturers producing widely varied lines 
of standard and special equipment designed to operate 
under many different conditions. 

To the manufacturer of a piece of equipment, the 
data given on the nameplate thereof serves to identify 
it completely. The nameplate is a key to the essential 
features of the design and operating characteristics of 
the device in question. 

You will make it much easier for the other fellow to 
answer your questions or give you advice on any equip- 
ment, if you will send him all of the nameplate data, 
together with any information regarding operating con- 
ditions which is necessary to a thorough understanding 
of the situation. 

— EA 


RUE executives realize 

that they can climb 
higher and easier in their 
organization through the 
boosts and co-operation of 
their subordinates than by 
treading rough-shod over them. Without the whole- 
hearted co-operation of his men, particularly of his 
assistants, the man at the head of a department usually 
has to drag them along with him, instead of receiving 
an enthusiastic push from them. In other words he is 
trying to lift himself by his boot straps. 

Executives who do not receive a boost from their 
associates can usually look to themselves for the cause, 
which most generally is due to a selfish desire to “hog” 
all of the glory, or to a reluctance to commend a sub- 
ordinate for work well done. Of these, the former 
generally causes the more discontent because the su- 
perior then usually appropriates as his own the ideas 
and suggestions of others without crediting the source. 
Private words of commendation can never compensate 
for the withholding of public credit for an idea or an 
accomplishment. 

Any fair-minded executive knows that he would 
think it unfair if he were treated that way. His sub- 
ordinates want to advance also, if he be promoted. 
Unless a subordinate has received credit from time to 
time for his accomplishments he is less likely to be 
considered when an opportunity for advancement opens, 
and altogether too often an outside man is brought in 
who frequently has less ability and much less interest 
in and knowledge of the plant than the old employee. 
After such an experience it is difficult to get men to 
co-operate whole-heartedly and offer suggestions and 
advice freely. 

These statements apply not only to the head of a 
department and his actions toward his subordinates, 
but as well to the subordinates and those under their 
direction, and clear down to the man on the job with 
a helper. Every man appreciates receiving credit for 
what he does. The leader who gives credit for tasks 
well done will soon find his men willing to help him, 
which not only makes it easier for him to advance 
hut builds morale—the stimulant of a successful organ- 
ization. 

Any executive who has the co-operation and support 
of his subordinates will soon find that he has got a 
good start on the path to advancement. 


You Can't Lift 
Yourself by 
Your Boot Straps 
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p 
and Answered 
by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 
perience. 


—— 
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Who Can Answer 
These? 


Ramp for Industrial Truck.—The base- 


ment floor of one of our buildings is 
4 ft. below the grade level. We are 
planning on installing an electric 
storage battery truck for handlin 
heavy material out of this basemen 
and from the yard up to the first floor. 
What grade should be given to the 
incline or ramp? Would it be advis- 
able to roughen or ridge the surface 
of the concrete to give the truck 
better footing? Part of the ramp will 


be outside, and exposed to the 
weather. 
Peoria, III. S. L. G. 


What Shop Equipment Will Be Required 
Heret—I would like to have some of 
our readers tell me what equipment 
they think will be necessary for a 
shop to handle a general motor repair 
business in a city having a population 
of 60,000. I wish to ave as com- 
pletely equipped a shop as is consist- 
ent with the amount of repair work 
that I may expect to do in a city of 
this size. Any recommendations as 
to kinds and makes of equipment 
necessary will be very much appreci- 
ated. Also, I should like to know 
what kinds and amounts of supplies, 
such as insulated wire, insulation, var- 
nishes, tapes, etc., should be carried 


in stock. 
Pedro Miguel, Canal Zone. P. F. W. 


Misleading Results Sometimes Obtained 
from Magneto Test.—Sometimes I get 
rather misleading results through the 
use of a magneto to determine 
whether there are defects in some of 
our electrical apparatus. Under cer- 
tain conditions I have found that the 
magneto will indicate a dead ground, 
whereas further investigation shows 
that the equipment is in very good 
operating condition. Also, I ave 
found that a magneto will sometimes 
indicate an open in a shunt-fleld coil, 
when further investigation shows that 
the field coil is O. K. I should like to 
know if any readers have had similar 
experiences and can explain the rea- 
sons for this peculiar action of the 
magneto. Also, can you suggest other 
test methods that might be used un- 
der the conditions mentioned? 
Omaha, Neb. M. P. 


Is This Lamp Consumption Too HIKh 
Our plant is a malleable iron foundry 
and our lights are operated from 230- 
volt direct-current power supply. Dur- 
ing the first 314 days of this year, we 
used a total of 972 lamps in 847 out- 
lets, making an average consumption 
of 1.33 lamps per outlet per year. 
To be specific, we used 230, 100-watt 
type C lamps in 275 outlets, or 0.97 
lamps per outlet per year. We used 
162, 200-watt type C lamps in 160 out- 
lets, or 1.18 lamps per outlet per year. 
For portables and extensions at mold- 
ers’ benches we used 600, 50-watt. 
mill-type lamps in 412 outlets, or 1.7 
lamps per outlet per year. The large 
lamps are subjected to slight vibration 
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due to machinery and lineshaf ting. 
The lamps burn 9% to 10 hr. per day. 
I should like to know whether other 
readers think that our average lamp 
consumption is too high. Also I shall 
appreciate any information regarding 
lamp consumption in plants having 
conditiong similar to a foundry, as 
well as in other types of manufactur- 
ing plants. 
Chicago, III. W. A. B. 


What Is the Capacity of this Trans- 
former Bank?f—I have four 25-kva., 
2,200/220/110-volt transformers con- 
nected to a three-phase, 2. 200-volt, 
power supply as is shown in the 
accompanying diagram. The second- 
ary of each transformer is so con- 
nected that the two 110-volt windin 
are in series to supply 220 volts. 
can be seen from the diagram, 440- 
volt, three-phase power is obtained 
from the secondary of this bank of 
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transformers. I shall greatly appre- 
ciate it if some reader will tell me 
what the capacity of this bank of 
transformers is with the connection 
that I am using. I should also like to 
know the safe secondary line current 
and also the safe primary line current 
that these transformers will take with 
this connection. 

Hattiesburg, Miss. J. M. M. 


What Is the Best Type of Drive for This 
Installation 17—1 should like to have 
the advice of readers on the following 
roblem. We wish to operate by a 
O-hp., 1,150-r.p.m. motor, a small 
machine shop and a small reciprocat- 
ing pump, which are in fferent 
rooms, separated by an §8-in. brick 
wall. We wish to place the motor in 
the room with the pump. There are 
three possible drives. 1) Mount the 
motor on the floor or wall and use a 
short, overhead lineshaft with three 
ulleys, one for the motor belt, one 
or driving the pump and the other 
for driving the machine shop. (2) 
Mount the motor on the celling and 
connect it directly to a short lineshaft 
with two pulleys, one for the pum 
and one for the machine shop. (3 
Mount the motor on the floor and drive 
the pump directly through a speed 
reducer. In this case I would use 
between the motor and the speed 
reducer a short piece of shaft on 
which would be mounted a ulley 
driving an overhead shaft. which in 
turn would be belted to the machine 
shop lineshaft. Will someone please 
tell me which of these combinations 
would be best from the standpoints of 
cost, maintenance and operating 
advantages? Do you know of a bet- 
ter type of drive than I have outlined? 
Chicago, III. O. H. E. 
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Answers Received 
To Questions Asked 


Where Does a Lineshaft Usually Break? 
—Recently a 4 3/16-in. shaft broke 
underneath the hub of a 36-in. pulley 
sheave carrying eight 1 1/4-in. ropes. 
Several millwrights have told me that 
a lineshaft always breaks in the hub 
of the pulley, but none of them could 
tell me why. I should like to know 
if other readers have had a similar 
experience and if they can give any 
explanation of why the shaft breaks 
in this location. I am anxious to 
avoid a repetition of this trouble, if 
possible. 

R. C. M. 


Chicago, III. 

Answering R. C. M.'s question, a 
lineshaft, like a chain, usually breaks 
at its weakest link. In this case the 
weak spot of the shaft is in the hub 
of the sheave or pulley due to having 
the bearings too far away from the 
sheave. With a heavy pull at this 
point the continual bending of the 
shaft eventually breaks it. 


Master Mechanic, H. H. LANGBEHN. 


Port a Oil Mills, 
Portland, Ore. | 
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In reply to R. C. M. I would say 
that the greatest stress always comes 
at the hub of a pulley on account of 
the pull on the shaft. Also, the shaft 
always has a certain amount of vibra- 
tion the continuance of which will 
cause the shaft to crystallize and break 
next to the hub of the pulley, as the 
hub is solid and will not give. There 
is a certain amount of give in the bear- 
ings and to eliminate further breaking 
of the shaft place the bearings as close 
to the hub of the pulley as practicable. 


Chief Electrician, E. N. DILLARD. 
Booth Kelly Co., 
Springfield, Ore. 
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Replying to R. C. M., a shaft may 
break underneath the hub for the fol- 
lowing reasons: 

(1) The torsion or twist due to the 
load is concentrated at that point, or 
in other words it is subjected at that 

oint to probably the greatest stress. 
t may, therefore, fail due to a gradual 
breaking down at that point. 

(2) If the shaft has a keyway at 
the point where the pulley is attached, 
its section is reduced, so that if it is 
not correctly designed for the load car- 
ried, it may fail from this cause. (3) 
The question does not state how the 
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pulley was mounted or attached to the 
shaft. If the shaft has a section turned 
off for a pulley with a fillet on one or 
both sides of the pulley section, the 
turning of the shoulder may result in 
a weak section which will eventually 
break. 

On the other hand, shafts have 
been broken due to crystallization at 
a hanger due to pounding when hang- 
ers were out of line. Careful design 
and installation will eliminate most 
shaft troubles. 

C. OTTO VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter, 
Springdale, Pa. 


Referring to R. C. M.’s inquiry, an 
explanation in simple terms would be 
that a shaft breaks in the loaded pul- 
ley, first, because the pull of the belt 
or ropes produces the greatest bend- 
ing there, just as a man breaks a stick 
over his knee; second, because at that 
point there is usually a keyway to 
weaken the shaft and provide a sharp 
corner from which to start a crack; 
and, third, because, with the turning of 
the shaft there is with every revolution 
a back-and-forth bending action which 
eventually, if the pull is at all heavy, 
causes crystallization, or fatigue of the 
metal, which may eventually result in 
a break. 

One might think that the pulley hub 
has sufficient reinforcing effect to 
stiffen the shaft and cause the break 
to come at one side, and occasionally 
it does. However, in practically all 
cases where split pulleys are used there 
is give enough in the bolts to allow the 
shaft to deflect to some extent inside 
the pulley hub, and most solid pulley 
hubs have sufficient clearance for slip- 
ping on the pulley while the metal in 
the hub is light enough and compres- 
sible enough in the bore to permit con- 
siderable bending. 

We have had several breakages of 
this sort, but as the belts were not un- 
duly tight and the shafts were of am- 
ple size for the horsepower carried at 
the speed we were inclined to suspect 
that the material of the shafts was not 
adapted to cold rolling and that a cer- 
tain amount of crystallization or an 
incipient flaw existed when the shaft 
was installed and gradually developed 
in operation. On replacing the defec- 
tive shafting with shafting from an- 
other source, no such trouble has re- 
curred. H. D. FISHER. 


Plant Engineer, 
New Haven Pulp & Board Co., 
New Haven, Conn. 
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Referring to R. C. M.’s question, a 
lineshaft usually breaks where the 
stresses on it become greater than its 
strength to resist them. In the case 
R. C. M. cites, the shaft is too small 
in diameter or the bearings supporting 
it on each side of the pulley are too 
far away. The center line of the pul- 
ley is the point of greatest bending 
moment and the stresses set up in it 
at this point are due to deflection 
rather than torsion. These stresses, 
which are apparently above the safe 
limit, are alternately tensile and com- 
pressive in each revolution of the shaft, 
so that in a short time the strength of 
the metal is reduced. 
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In order to avoid a repetition of 
your trouble, move the present bear- 
ings or provide bearings closer to the 
pulley. Another alternative is to bore 
out the hub of the pulley and install 
a larger shaft at the place where it 
passes through the hub. The larger 
shaft may be turned down for the bear- 
ings since they have not given you 
trouble. The amount of increase nec- 
essary in the shaft diameter will de- 
pend on the distance between bearing 
centers and the outside diameter of the 
pulley hub, which information is not 
given in the inquiry. W. A. PLANT. 
Power House Foreman, 


Mattagami Pulp & Paper Co. 
Smooth Rock Falls, Ont., Can. 
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R. C. M. asks if readers can explain 
why shafting breaks at the hubs of 
pulleys. He describes the breakage of 
a 4®-in. shaft under the hub of a 36-in. 
sheave carrying eight 1%-in. ropes 
which, by the way, is a rather small 
sheave for that size rope. 

It would be surprising if a shaft 
broke anywhere but at the pulley; this 
is the point of maximum bending mo- 
ment, and is usually weakened by a 
keyway. At a speed of 200 r.p.m. a 
4ys-in. shaft is capable of transmitting 
more than 200 hp., and the eight 1%-in. 
ropes about 90 hp.; so it seems that the 
shaft in this case is amply strong for 
the service. It is, therefore, hard to 
say just what caused the break, assum- 
ing, of course, that the distance be- 
tween bearings is not so great as to 
cause an abnormal bending stress. 
Whether the shaft failed by fatigue or 
because of defective material, can best 
be answered by R. C. M. as he has the 
shaft, and probably its history, avail- 
able for investigation. 

Los Angeles, Cal. C. O. SANDSTROM. 
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Referring to the problem by R. C. M., 
the shaft broke in the hub of a pulley 
which was either pressed on or was 
clamped tightly on the shaft. Prob- 
ably the most common reason for 
breaking at this point is the vibration 
of the shaft. The rate of vibration 
changes at the heavy wheel hub, which 
cannot vibrate at the same speed or 
direction as the shaft. This causes 
crystallization in the steel and in time 
it breaks. 

Another cause is the stress set up 
by the torque on the lineshaft. The 
shaft when under load twists to some 
extent but an enlarged place or hub 
pressed on acts to stop the twisting at 
that point. This may cause consid- 
erable working of the steel at that 
point, and the result is the same as 
stated above. 

The breaking of shafts is very 
noticeable where wheels are pressed on, 
as for instance car wheels. Almost in- 
variably a car axle breaks close to the 
wheel, and on electric cars the axle, 
which carries the motor and gear, gives 
the most trouble. For this reason, 
these axles are usually enlarged for the 
gear and wheel fits in order to help 
overcome the trouble. 

Breaking from this cause starts on 
the outside and works to the center, 
but not in a circle, as the harder parts 
of the axle will break down first. 
Longview, Wash. C. L. HARTMAN. 
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What Is Wre with the Method of Re- 
winding Th Armaturef—I have a 
Willey electric drill, serial No. 20068, 
110 volts, a. c., 6 amp., Type 4 U. 2, 
which is manufactured by the James 
Clark, Jr., Electric Co., Louisville, Ky. 
The armature has 17 slots and $2 bars, 
and is wound with No. 23 cotton-cov- 
ered enameled wire, using 13 turns 
per section, with a coil span of 1 to 8, 
and the leads checking straight souk 
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right. The only change was that I 
rewound it right-handed instead of 
left-handed. I expected that the mo- 
tor would reverse its direction, which 
it did. When the drill was connected 
to the line, both brushes sparked 
badly, which convinced me that they 
were off their neutral position. I 
moved the brush holder to different 
positions around the commutator, but 
could not find the neutral point. I 
took the brush holder head off and 
checked the leads, which were O. 

Finally the armature was stripped 
and rewound the same way as before 
except that I changed the span of the 
coil from 1 to 8 to 1 to 9. Without 
moving the brush holders from the 


and wound right-handed? 
ould winding this armature right- 
handed instead of left-handed have 
any effect besides reversing rotation? 

Richmond, Va. H. F. S. 

In reply to H. F. S.’s question, when 
the direction of rotation of a universal 
motor with a compensated winding is 
reversed, the polarity of the compen- 
sating winding should at the same time 
also be reversed. 

The polarity of the compensating 
winding should be the same as the main 
field adjacent to it against the direc- 
tion of rotation. 

The above explains the reason for 
not being able to find a brush position 
that would give sparkless operation, 
with the reversed winding. 


span 1 to 


Wilkinsburg, Pa. A. C. Roe. 
8 » 
In answering the question by 


H. F. S., I would say that all of our 
small armatures are machine-wound. 
It is much easier and better for us, 
with our equipment, to wind the arma- 
tures with the commutator on the 
right side, the wire being put on left- 
handed or counter-clockwise. If an 
armature were rewound right-handed 
or clockwise and connected up the same 
as originally, the only change, if every- 
thing else about the motor is the same 
as it was originally, would be to reverse 
the direction of rotation. To counter- 
act this effect and make the motor 
operate in the same direction as before 
it is only necessary to reverse the brush 
leads or, if the motor is so arranged, 
the whole brush mechanism could be 
rocked half-way around and the motor 
would reverse. According to the infor- 
mation received, this was done and the 
motor sparked in any position. Such 
being the case, we are led to believe 
that there was something wrong some- 
where, aside from the manner in which 
this armature was rewound. 

Stripping the armature and rewind- 
ing in slots 1 and 9 instead of 1 and 8, 
and winding right-handed instead of 
left-handed, brings the leads out in the 
same position as if the armature had 
been wound left-handed, 1-and-8. Since 
the number of slots in the armature is 
17, winding it l-and-8 brings the leads 
one slot this side of 17, as 2 times 
8=16; a span of 1-and-9 brings it one 
slot on the other side of 17, as 2 times 
9=18. Winding it right-handed 
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reverses this condition and winding it 
l-and-9 reverses it again, which brings 
it back to the original condition. 

The writer is assuming that when the 
armature was stripped and wound 
l-and-9 instead of l-and-8, it was 
wound right-handed, the same as when 
he wound it in the beginning. 


President J. A. CLARK, JR. 
James Clark Jr. Electric Co., 
Louisville, Ky. 
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There -s nothing wrong with the 
method of winding the armature, as 
explained in the question asked by 
H. F. S. Changing from a left-hand 
throw to a right-hand throw would give 
a reverse direction of rotation, as well 
as a reverse direction of current 
through the armature. On this type of 
motor a compensated winding is used 
to produce a magnetic flux which will 
oppose the magnetic flux produced by 
the alternating current in the arma- 
ture. If the flux produced by the alter- 
nating current in the armature is not 
neutralized, it will induce a current in 
the coils under commutation, causing 
sparking. 

In this case the flux produced by 
the alternating current in the arma- 
ture is reversed, due to changing the 
winding from a left-hand to a right- 
hand throw. Therefore, the flux pro- 
duced by the alternating current in the 
armature being reversed will add to the 
flux produced by the compensated 
winding. Had the compensating 
winding been reversed, the motor 
would have operated without sparking. 

When the armature was rewound, the 
change to a span of 1-to-9 instead of a 
span of 1-to-8 did not affect the com- 
mutation of the motor so long as the 
coil had a left-hand throw. This per- 
mitted the flux produced by the com- 
pensating winding to neutralize the 
flux produced in the armature. 


J. M. ZIMMERMANN. 
Renewal Parts Engineer, 
Westinghouse Electric & Mfg. Co., 
Pittsburgh, Pa. 
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How Should a Delta-Connected Trans- 
former Bank be Groundedt—I should 
like to know some of the standard or 
Practical methods of grounding a 
delta-delta connected bank of trans- 
formers. We have a transformer bank 
consisting of three single-phase, 
13,200/440-volt transformers, which 
are delta connected on both the high- 
and low-tension sides. Now I get a 
reading of about 100 volts from each 
440-volt bus to ground. Consequently, 
I am planning to ground the low-ten- 
sion side of the transformer bank. Can 
some reader tell me to what part of 
the low-tension delta I should connect 
my ground or what reactors or other 
devices I must use to obtain my 
ground connection? 

G. C. B. 


Omaha. Neb. 
accompanying diagram will 
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The 
show G. C. B. how a delta- connected 
bank of transformers may be grounded. 
As may be seen, the middle point of 
any one transformer in the delta-con- 
nected bank may be permanently con- 
nected to ground to form the ground 
connection. 

Before grounding the transformer as 
shown in the diagram, all of the cir- 
cuits that originate from this bank of 
transformers should be tested for any 
accidental grounds that may already 
exist on them. It is best to eliminate 
any grounds that may be found. 
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Here is one method of grounding 
a delta-connected transformer bank. 


In case it is necessary to operate a 
delta-connected transformer bank 
in open delta, the grounded trans- 
former should not be the one that 
is cut out. If it is necessary to cut 
out the grounded transformer, the 
ground connection should be moved 
to one of the other transformers. 


When a secondary circuit is perma- 
nently grounded as is shown in the 
accompanying diagram, all meters on 
the secondary side should be checked 
and the current coil or coils on the 
meters transferred to the ungrounded 
lines. This is important and care must 
be exercised to see that it is done. 


HARRY J. ACHEE. 
Chief City Electrician, 
Woodward, Oklahoma. 
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In reply to G. C. B.’s question in 
a recent issue, the delta-delta connected 
transformer bank may be grounded on 
the low-voltage side in a number of 
ways. The accompanying illustration 
shows the low-voltage delta and three 
methods of grounding it that are in 
common use. 

The upper left-hand sketch shows a 
method of grounding at the middle 
point of one of the windings. Although 
this method is often used, it has the 
objection that while the voltage from 
lines B and C is only one-half of 440, 
or 220 volts, the voltage from line A 
to ground is 381 volts. 

The upper right-hand diagram shows 
a method wherein one of the lines is 
grounded. This method gives full line 
voltage to ground from lines A and C. 

In the lower diagram is shown a 
method of grounding in which three 
small transformers are star-connected 
to the three lines, A, B, and C, with 
the grounded neutral on the 440-volt 
side and connected in closed delta on 
the other side. With this method it 
is not absolutely necessary that the 
star-connected side be a 381-volt wind- 
ing, as the same effect will be obtained 
if a higher voltage winding is used. 
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Three methods of grounding a 
delta-connected transformer bank. 
Of these. the method shown in the 
bottom diagram is to be preferred. 
The second best connection is 
shown at the upper left. 
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This method is to be preferred if the 
expense of the grounding transform- 
ers can be justified, since it gives a 
balanced voltage to ground on all lines. 

The method shown at the upper left- 
hand corner of the diagram is the 
second best method of grounding, but 
requires a tap at the middle point of 
one of the windings. The method 
shown at the upper right-hand corner 
of the diagram, should not be used 
unless either or both of the others are 
out of the question, for it gives line 
voltage to ground for two of the lines, 
A and C, and a ground on either line 
would probably give more trouble than 
would be encountered with either of 
the other two methods. 


C. OTTO VON DANNENBERG. 
Designing Engineer, 
Sanderson & Porter, 
Springdale, Pa. 
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In reply to the question asked by 
G. C. B., one standard method of 
grounding is to connect the middle 
point of one of the transformers to 
ground, as shown in Fig. 1. If there 
are no middle taps on the transform- 
ers, then one corner of the delta, that 
is, one line wire, must be grounded. 

When grounding a transformer bank, 
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Fig. I— The middle tap of one 
transformer in a delta- connected 
bank may be used as the ground- 
ing point. 


as shown in Fig. 1, it should be noted 
that the voltage from two of the line 
wires to ground will be 220 volts and 
from the remaining line wire to ground 
will be 381 volts. This is clearly illus- 
trated in the left-hand diagram shown 
in Fig. 2. In this diagram the middle 
tap of transformer BC is grounded. 
Hence the potential from point B or C 
to ground will be 220 volts, while the 
potential of A will be 381 volts above 
ground potential. The right-hand dia- 
gram in Fig. 2 illustrates the condi- 
tions that exist when the delta is not 
grounded. In this case the stress to 
ground is the same from each line 
wire, being 254 volts. Inasmuch as the 
insulation of one wire is under a 381- 
volt strain to ground, more motor 
insulation failures are likely to occur 
with a grounded secondary installation 
of this kind. 

If other banks of transformers are 
operated in parallel with the grounded 
bank, care must be taken to see that 
all banks are grounded in the same 
place; that is, if transformer BC is 
grounded in the first installation, all 
succeeding installations must likewise 
have the transformer BC grounded. 
This is to prevent short-circuiting part 
of a transformer winding. 

One advantage of the grounded sec- 
ondary system is that it prevents trou- 
ble from capacity effects. A person 
coming in contact with a wire of an 
ungrounded system may receive a 
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shock, due to the capacity effect be- 
tween the high- and low-tension wind- 
ings of the transformer. The higher 
the primary voltage of the transformer 


A 
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Fig. 2—Grounding of the middle 
point of a transformer gives an 
unequal voltage stress to ground 
on the three line wires. 

As shown at the left, lines B and 0 
have a potential to ground of 220 
volts. while line A has a potential 
of 381 volts to ground. Voltage 
stresses to ground on an ungrounded 
delta-connected bank are equal, as 
is shown in diagram at right. 


and the larger the system, the greater 
will be the condenser or capacity effect. 

Installation of reactors or other de- 
vices in the ground circuit is not to 
be recommended as this may interfere 
with the correct operation of protective 
devices. 


Chief Electrician, 
LaClede Steel Co., 
Alton, III. 


L. P. STAUBITZ. 


= * * s 


What Causes These Brushes to Chntter? 
—I have a three-phase, 440-volt, 75-hp., 
slip-ring motor which is giving trouble 
from chattering of the brushes. Every- 
thing that I know of has been tried 
to prevent this. but without success. 
The brushes will stop chattering im- 
mediately after the slip rings are 
sanded slightly while the machine is 
in operation, but after several hours 
they begin to chatter again. J shall 
apreciate it very much if some of the 
readers of INDUSTRIAL ENGINEER WII! tell 
me how I can overcome this trouble. 
Los Angeles, Calif. F. 
Replying to F. P. B., try changing 

the angle of the brushes. This is often 

an important factor. 

I recall an engine-driven generator I 
had that would develop brush trouble 
once in a while, and I found no posi- 
tive relief for this other than to take 
the rings off, turn them down and 
polish at high speed. This would end 
the trouble until a new brush was 
needed ,and particular care had to be 
exercised to rid the ring of the slight- 
est sparking or it would immediately 
develop into serious arcing. I found 
temporary relief through the use of a 
little vaseline on this particular ma- 
chine; this is one way of preventing 
chatter, and is sometimes sufficient. 

Particular care must be exercised in 
fitting brushes to such temperamental 
rings; I have found it advantageous to 
smooth off both the toe and heel of 
such brushes. 

Having brushholders too far removed 
from the ring is often the cause of 
chattering and is an inducement in all 
cases. Brushes that are too loose in 
their holders, with too little tension, 
have a tendency to chatter and brushes 
that are too narrow to carry the cur- 
rent or have a tendency to run off the 
ring may begin with a sparking that 
will develop into chattering with bad 
arcing. 

I have found sanding to be of little 
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value in stopping a brush from chat- 
tering, and the effect lasts about as 
long as an application of vaseline. 
Where vaseline has a noticeable value 
a change of brushes will generally cor- 
rect the trouble. 

Without making recommendations as 
to its use or its value, I have corrected 
slight chattering with the use of a soft 
lead pencil while the machine was in 
operation. It is effective for obvious 
reasons, but is not recommended as a 
“cure-all.” 


Newark, N. J. EDWARD JAMES. 
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Answering F. P. B., it is assumed 
that the machine did at one time 
operate satisfactorily. Chattering of 
the brushes may be due to several 
causes, such as worn bearings, worn 
shaft, bent shaft, variable load with 
more or less shock, very heavy starting 
load and so on. Anything that will 
cause a movement between the slip 
rings and the brushes radially will have 
to be eliminated. See that the brush 
holder is quick acting; that is, that the 
brushes can follow any slight move- 
ment of the slip rings. Also, make 
sure that the slip rings are tight to 
the shaft, that the rings run true, and 
that the brushes move freely in the 
holders. 

The springs may have taken a set 
and will need replacement. If correct- 
ing according to the above suggestions 
does not eliminate the trouble, it may 
be that the slip rings have some spots 
that are softer than others and wear 
faster. The brushes should be able 
to carry their load easily and should 
be of a low resistance with sufficient 
lubricating material in them to prevent 


cutting. C. N. SHAFER. 
Supt. Service Division, 

The Lincoln Electric Co. 

Cleveland, Ohio. 
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In a recent issue, F. B. P., mentions 
the trouble he is having with brushes 
chattering. The rings have evidently 
become worn out of round due to 
natural wear, or because the motor 
bearings are slightly worn. Sometimes 
an armature shaft becomes sprung, 
causing the brushes to vibrate or chat- 
ter badly. 

We have had numerous cases of this 
kind and to remedy the trouble, gen- 
erally take the rotor out and turn the 
rings down in the lathe. 

However, some motors cannot be shut 
down long enough for this purpose; so 
we use a home-made tool for truing up 
the rings. This tool was made by 
grinding the end of old file square and 
making the edge as sharp as possible. 
When truing up the rings the motor 
is run up to full speed and the sharp 
cutting edge of the file held firmly 
against the rings (one at a time, of 
course) until they are reasonably true. 
It is surprising how true the rings can 
be made in this way. We have in this 
way stopped chattering that had con- 
tinued for 18 months or more. When 
the rotors were at length taken out, 
it was generally for some other reason. 

It is advisable to give the rings a 
good sanding down with sandpaper 
after they have been trued with the file. 
Peoria, III. GEORGE D. RINGNESS. 
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In reply to the question by F. P. B. 
I think that the chattering is caused 
by the collector rings and brush sur- 
faces being unevenly hard; possibly the 
rings have small, flat spots that are 
not easily detected. 

I would recommend that the rings be 
turned or ground true and smooth. 
Then use a medium soft brush (with 
shunts attached) well fitted to the 
holder. The springs should press firmly 
against the brushes. 

Often we find that the shunts will 
become loose on the brushes, thus allow- 
ing the springs to carry most of the 
current. This heats and weakens the 
springs and starts trouble. 

WILLIAM J. MILDON. 
Supt. Power and Equipment, 


Madeira-Hill Coal Mining Co., 
Philipsburg, Pa. 
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Referring to F. P. B.’s question, I be- 
lieve that your brushes are too hard 
for slip-ring service and the reason 
they stop chattering immediately after 
sanding the rings is that the sanding 
removes the roughness that the brushes 
have cut into the rings. 

Of course, there are other causes of 
chattering: the usual cause is that the 
brush is too small for the box or holder. 
Vibration will cause chattering, as will 
also eccentric or pitted rings. How- 
ever, I do not believe that a slight 
sanding would stop or prevent chatter- 
ing if it were caused by any condition 
other than excessive hardness of the 
brushes which will make the rings 
rough, as mentioned above, and thus 
cause the brushes to chatter. 

I presume that the rings are brass or 
bronze and I would recommend using 
grade No. 414 or No. 539 brushes, 
manufactured by the National Carbon 
Company. GRADY H. EMERSON. 
Asst. Chief Electrician, 


Alabama Fuel & Iron Co., 
Acmar, Ala. 
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Mounting Motors om Celling—lIn order to 
get more free floor space we are plan- 
ning on mounting the motors on the 
ceiling, above the machines and line- 
shafts which they drive. I should like 
to have the experiences of other read- 
ers on the following points: (1) The 
best method of attaching motors to 
concrete ceilings. (2) What is the best 
and simplest method of raising and 
holding motors up until they can be 
attached? (3) Is there likely to be any 
more trouble with motors so mounted, 
than when they are placed on the 


floor? 
St. Louis, Mo. E. H. G. 


In reply to the question by E. H. G., 
I wish to suggest the following: Drill 
four holes in the ceiling to correspond 
with those on your motor. Countersink 
the holes on the floor above to accom- 
modate the heads of the bolts, and a 
large washer. From the floor above, 
drop a steel cable through two of the 
diagonally opposite holes drilled in the 
floor. Place the motor on a platform 
to raise it off the floor about 4 ft. This 
is done to lessen the distance through 
which the motor will have to be raised, 
and thus make it possible for the hoist 
to lift it up to the ceiling. The motor 
should be placed with the base turned 
up. Insert one end of the cable in one 
of the holes in the motor base and the 
other in the hole diagonally opposite, 
and clamp the ends fast. Attach a 
hoist on the floor above, hook the cable 
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to it and pull the motor up flush with 
the ceiling. Now, drop two bolts of 


the proper length and size in the two 


vacant holes in the motor base and 
draw them tight. These bolts will 
hold the motor until the cable can be 
removed and replaced by the other 
bolts. 

Make sure that the oil wells are 
turned to the proper position and you 
will not have any trouble with motors 
so mounted. 
Jersey City, N. J. 


s e 


B. Dowick. 
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With reference to the question asked 
by E. H. G., you will not have any 
more trouble with motors mounted on 
the ceiling than when placed on the 
floor, providing that you give them as 
much attention on the ceiling as you 
did on the floor. On the ceiling they 
are up out of the way, and not so 
easy to get to. 

Motors may be bolted to a frame or 
base made of 4-in. by 6-in. timbers. 
If necessary these timbers may be bolt- 
ed to the ceiling by bolts through the 
fioor above, or through the roof. 

Almost all new buildings now have 
cast-iron inserts in the ceiling for the 
purpose of bolting timbers to them for 
mounting motors and other equipment. 
Do not try to use anchors of any kind 
to hold motors on the ceiling; there is 
always danger of them coming loose 
and causing trouble. 

Run bolts all the way through the 
ceiling to the next floor or roof. My 
motors are mounted this way and I 
have not had any trouble with any of 
them coming loose. On the other hand, 
I have had plenty of trouble with an- 
chors. 

If the ceiling is wood it will be all 
right to use lagscrews for supporting 
the motor. As to the equipment for 
raising the motors, I would suggest 
that you get a Revolvator, made by The 
Revolvator Co., Jersey City, N. J. This 
will put up and take down all the mo- 
tors you can handle. 

Indianapolis, Ind. H. F. Fox. 


Answering E. H. G.’s question, in 
modern factory buildings it is now cus- 
tomary to have mushroom anchors set 
in on definite center distances at the 
time the building is erected, so that 
9 5 can readily fasten up cross-mem- 

rs to which you can attach your 
motors, or rails or motor supports. 

Motors can also be fastened up by 
cutting holes through the ceiling. Holes 
in the floors above should be counter- 
sunk deep enough to sink the heads of 
the bolts flush with the surface and 
when the motor is in place fill around 
the bolt heads with cement grout. If 
the motors are on the ceiling under the 
roof, you should provide bosses on the 
roof and cover these with caps to keep 
out water. These raised bosses should, 
of course, be flashed to the roofing so 
that they will be water- and weather- 
proof. 

Motors can be raised by the aid of 
portable stock tiering or hoisting ele- 
vators, or by putting the ends of a 
wire cable down through two diagonal 
holes which have been cut for sup- 
porting the motor or its mounting and 
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then through the corresponding holes 
in the motor or motor supports and 
placing clamps on the cable ends so 


they will not slide or let the motor 


drop down. 

If the motor has rails it should be 
bolted to, and lifted by, the rails. Be 
sure that you have enough hoisting 
range so that you can lift your motor 
all the way. If not, provide blocking 
so that you can hold your motor and 
get another lift on it by taking the 
slack out of the cable. When the motor 
is pulled up, place the nuts on the two 
free bolts and then remove the cables 
and drop the last two bolts in place 
and tighten them up. Be sure to pro- 
vide locknuts on all holding bolts so 
that if they should tend to vibrate 
loose, the motor will not drop. 

With the same maintenance you 
should have no more trouble with mo- 
tors on the ceiling than on the floor. 
However, it will as a rule be warmer 
next to the ceiling, so that the same 
load will cause a somewhat h Se oper- 
ating temperature. C. N. SHAFER. 


Supt. Service Division, 
The Lincoln Electric Co., 
Cleveland, Ohio. 


My advice to E. H. G., about placing 
his motors on the ceiling, is: Don’t do 
it. If you desire to take them off the 
floor, which is commendable in utiliz- 
ing floor space, do not go to the other 
extreme and place them against the 
ceiling; or at least before the change 
is made, visit some shop in which they 
are so located and try to look into the 
motors. Make a casual examination of 
their condition and at the same time 
try to ascertain whether you could give 
the motors better maintenance than the 
electrician who has charge of it. 

To emphasize this, I might add that 
I recently completed an inspection of 
several such installations and in some 
cases it was next to impossible to make 
brush changes, let alone try to have 
100 per cent maintenance, with the re- 
sult that good motors are being sacri- 
ficed, with enough competent men avail- 
able to keep them in good condition, if 
they could only reach them so as to 
make a worthwhile inspection of their 
condition. 

I do not mean to imply that motors 
should not be taken off the floor, but 
do not put them on the ceiling. Put 
them on a platform that is far enough 
below the ceiling to permit the mo- 
tors to receive as good maintenance as 
they could get on the floor. They will 
not receive this unless a competent 
chief checks up on his maintenance 
crew often, for this of installation 
was the example for the saying, “Out 
of sight, out of mind.” 

If motors are mounted on a plat- 
form, a tackle can be used for raising 
and lowering them, and no more trouble 
will be experienced with this method 
of installation than would be encoun- 
tered with floor mounting, providing 
that a rigid platform is used. 

Electricians sometimes overlook over- 
head protection, as well as ventilation, 
for this type of mounting. Remember 
that near the ceiling the temperature 
is higher, and dirt from the floor above 
may give trouble. 


Newark, N. J. EDWARD JAMES. 
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Simple Device for Winding Small Arma- 
tures—I should like to know if any of 
our readers can tell me how to con- 
struct a simple machine that can be 
made in the shop and used for re- 
winding small armatures of the fan 
and vacuum cleaner types. I should 
also like to know what other equip- 
ment is hecessary for the rapid han- 
dling of this kind of work. Winding 
these armatures by hand is too tire- 
some and slow, and we do not have 
enough of this work to warrant the 
purchase of an expensive winding ma- 


chine. 
Brooklyn, N. T. G. A. L. 


G. A. L. can make a simple machine 
for winding small armatures by fol- 
lowing the ideas set forth in the accom- 
panying diagram. Take two maple 
blocks 2 in. by 2 in. by 12 in., notch 
out the center of one and the end of 
the other, and place them together to 
form a T. This is the support or stand- 
ard for the device. About 1 in. from 
the top of the vertical piece, insert a 
bronze bushing to take a -in. shaft. 


DS = 
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An easily-made device that will 
save much time when winding 
small armatures. 


The crank is made from - in. round 


iron, bent as shown in the diagram, 
and threaded on one end for a distance 
of % in. A piece of steel % in by 1% 
in. by 12 in. is drilled and tapped at 
the center for the threaded end of the 
crank. 

The clamps for holding the armature 
to this steel strip are made from strap 
iron, bent as shown in the accompany- 


ing diagram. E. H. WINKLER. 
Chief Electrician, 
Allen B. Wrisley Co., 
Chicago, III. 
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In reply to the question asked by 
G. A. L., the diagram shows the con- 
struction of a simple armature wind- 
ing machine that I made up and found 
to work very satisfactorily. This 
machine can be constructed in the shop 
at a very small cost and will effect a 
considerable saving in the time required 
to wind small armatures. 

As may be seen, the armature is 
clamped by two holders m m. The 
screws on these two holders do double 
duty; first they tighten the clamp on 
the armature and, second, they hold 
the two brass pieces d which direct the 
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wire into the slots being wound. The 
wire is fed through the pulley e and 
thence down the guide d into the slot. 
The strip F is made adjustable so that 
the pulley can be moved for different 
sizes of armatures. 

The shaft clamps m are fastened to 
strip b, as is shown in the diagram, so 
as to permit adjusting the device for 
different sizes of armatures. 

The strip b is fastened to the shaft t 
which is revolved by means of a crank. 
The shaft t is threaded with about 220 
threads between p and g. Resting on 
the threaded shaft is the lever a, the 
underside of which is threaded some- 
what like a split nut, so that as the 
threaded shaft t is revolved the lever 
a is moved from left to right. 

Having taken the commutator and 
fan off the shaft, (as only armatures 
in this shape can be wound on the 
machine) the armature is clamped in 
the holders m m. The lever a is put in 
such a position that the number of 
threads on the shaft to the right of it 
is equal to the number of turns it is 
desired to have in a coil. As the coil 
is wound the lever moves to the right 
and when it reaches the end of the 
shaft, indicates that the coil is com- 
pleted. A loop is then made, the arma- 
ture turned so as to bring new slots 
into position, the lever a is placed in 
the former position, and the next coil 
is wound. 

It will be found advisable to have 
the crank connected to the shaft t by 


Here is a device that will speed up 
the winding of small armatures. 


h 
—— R 
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means of a few gears, rather than con- 
nected directly. This arrangement will 
speed up the work. 

New York, N. Y. L. KONSTAN. 
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What Kind of Wire Should Be Used 
Here — We are having considerable 
trouble from grounds and shorts due 
to the insulation failing on the wires 
running from our pyrometers to the 
indicating and recording mechanisms. 
The pyrometer points are located in 
the stills and. furnaces of a refinery, 
and the indicating instruments are 200 
to 300 ft. away. Consequently, the 
wires are subjected to considerable 
heat at one end of the line while the 
other end is cool. The wires are car- 
ried in conduit and we have trouble 
with condensation in these pipes. Or- 
dinary rubber-covered, double-braid 
wire rots out in less than six months. 
The so-called ‘“flameproof’ wire has 
not proven satisfactory in this applica- 
tion. Can any reader tell me what I 
can do to correct this trouble? 

Tulsa, a. L. 


If the pyrometer lead wires men- 
tioned in L. A. N.’s question are of 
copper, I would suggest using No. 14 
duplex lead-covered cable which is a 
two-conductor No. 14 copper wire; each 
wire is rubber-covered and braided and 
there is a serving of braid over both, 
which are then protected by a lead 
sheath. This wire will work under 
water and will stand a conduit tem- 
perature of about 375 deg. F. 

If the conduits have a 4-in. space 
between them and furnace walls, hot 
oil lines, steam lines, etc., their tem- 
perature will usually be found to be 
below 300 deg. F. 

Some pyrometers and thermocouples 
require special compensating lead 
wires (wires made of the same ma- 
terial as the thermocouples), so that 
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the cold junction can be taken care of 
by a compensating coil in the indicator 
or the recorder. These wires can be 
purchased from the maker of the 
pyrometer, in lead- covered duplex 
form. This type of wire has never 
given us any trouble. 


Chief Electrician CHAS. L. BROWNE. 
Producers and Refiners Corporation, 
Tulsa, Okla. 
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L. A. N. will have no further trouble 
with his wires in conduit in very hot 
applications if he uses all asbestos 
insulation on his conductors. For the 
past few years I have used solid and 
stranded conductors with asbestos in- 
sulation, such as Deltabeston stove 
wire, with great success for pyrometer 
and other circuits around open-hearth 
furnaces and in other very hot places. 

D. W. BLAKESLEE. 


Electrical En r, 
Steel Corp., 


Jones & ug lin 
Pittsburgh, Pa. 
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In reply to the question asked by 
L. A. N., I would say that we have had 
similar trouble with wires in conduit 
on pyrometer work. The only remedy 
for this trouble that we have found 
so far is to do away with the conduit 
entirely and run flame-proof compen- 
sating leads in open construction from 
the thermocouples to the instruments. 

The method of construction some- 
times used has been to stretch small 
messenger wires well above the fur- 
naces, the thermocouple leads being 
taken directly up to the messenger and 
carried along it in loops of flame-proof 
wire over to the instruments. This 
construction is reasonably good in ap- 
pearance and gives very little trouble. 


Electrical Dept., W. W. LANKTON. 
Detroit Copper & Brass Rolling Mills, 
Detroit, Mich. 


The trouble experienced by L. A. N. 
is due to air circulation in the conduit 
and can be eliminated by stopping the 
circulation of air through it. 

When rubber-covered wire is run to 
the thermocouple, the heat of the still 
soon causes deterioration of the rub- 
ber insulation. When flame-proof wire 
is used, the insulation soon absorbs the 
condensed moisture, thereby causing a 
short. 

The best method of overcoming this 
is to use a good grade of asbestos wire 
from the thermocouple to the point 
where the conduit starts to cool. This 
point is generally where the pipe runs 
through the wall of the room. From 
the cooling point to the pyrometer, use 
rubber-covered wire. At the junction 
box where the two types of wire are 
spliced, plug both ends of the conduit 
and fill the box with pitch or any in- 
sulating compound so as to prevent 
the warm air from entering the cool 
portion of the conduit. 

Also, drill a small hole through the 
underside of the conduit at all low 
points to allow any condensation that 
may collect, to run off. Sometimes it 
is advisable to plug the conduit in two 
or more places where alternate sections 
are heated or cooled. 


inee 
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The above method is one that I have 
used with success in a chemical plant. 
I feel sure that it will answer 
L. A. N.’s purpose if the box is prop- 
erly inspected once in a while, re- 
placing any compound that may have 
run off. 

Elizabeth, N. J. W. H. FREDRICKSON. 


Answering L. A. N., the trouble 
referred to is apparently due to con- 
densation in the conduits, judging 
from the information given. The 
solution most readily applied would be 
to replace the rubber-insulated, braid- 
covered wire with rubber-insulated, 
lead-covered conductor. This change 
might require new conduit, although, 
if the conductor is not subject to, or 
in danger of, mechanical abrasion it 
might be run exposed. 

C. OTTO VON DANNENBERG. 
Designing Engineer, 


Sanderson & Porter, 
Springdale, Pa. 


I think the first thing L. A. N. 
should do is to try and eliminate con- 
densation in his conduit installation. 

My experience has been with Brown 
Instrument Co.’s equipment, using 
type MA 30-in. base metal thermo- 
couples on recording and indicating 
pyrometers. These are used for tem- 
perature measurements in our malle- 
able iron annealing ovens. 

We formerly used No. 12 rubber- 
covered extension leads but had trouble 
with grounds and shorts due to the 
roasting of the insulation. Asbestos- 
covered wire was tried with a little 
better results but after being installed 
for a while the insulation baked 
brittle and would not stand any altera- 
tions. Finally, we installed Type A 
extension leads made exclusively by the 
Brown Instrument Co., Philadelphia, 
Pa., to be used with their type MA 
thermocouples. These leads are com- 
posed of a stranded copper and a 
nickel-aluminum conductor very well 
insulated and woven together in duplex 
form. This company also manufac- 
tures several other grades of extension 
wire to be used with their several 
grades of thermocouples. 

Since this installation was put in we 
have had very satisfactory results from 
our pyrometers. W. A. BERGSMA. 


Chicago Malleable Castings Co., 
Chicago, III. 
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Referring to L. A. N.'s question, I 
presume that a metallic circuit sys- 
tem is used in your pyrometer wiring; 
that is, there is no common return. 
This being the case I would recommend 
using duplex, lead-covered, No. 10 wire 
in about & in. conduit. At the begin- 
ning and at the end of the conduit I 
would pour some pothead compound in 
the condulets. This will seal the end 
of the lead so that no moisture can get 
to the wire in the conduit. Peel off the 
lead inside the condulet for about % in. 
below the end of the pipe. This can be 
done before the condulet is screwed on. 
The condulet should also be drilled 
and tapped for a %-in. pipe plug at 
what will be its highest point when 
installed. Waste or oakum should be 
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packed tightly around the lead an inch 
or so in the conduit. The condulet 
cover should then be put on and 
waste packed around the wires so that 
the hot compound will not flow out and 
be lost. 

Melt the compound and pour it in at 
the drilled hole; fill to overflowing, as 
the compound shrinks when it cools. 
While it is still hot, screw the plug in 
the hole. If the heat is great enough 
to keep the compound molten or drippy, 
a fiber cover can be substituted for the 
porcelain and the holes for the wire 
drilled to a tight fit. It matters not 
whether the compound is molten or 
cool so long as it covers the end of 
the cable. The General Electric Com- 
pany makes a compound which has a 
very high melting point and I believe 
that it would suit your case. Of course, 
the conduit should drain to one point, 
in this instance, and some means of 
eliminating the moisture should be 
provided. 

The covering of lead is not very 
thick and it must be carefully handled 
if it is to give good results. In pulling 
in lead cable I usually feed the cable 
and have a can of cup grease handy, 
which I use so that the lead will not 
be scraped, and to lessen the power 
required for pulling. 

GRADY H. EMERSON. 
Asst. Chief Electrician. 


Alabama Fuel & Iron Co., 
Acmar, Ala. 


R W * 


I have had trouble similar to that 
experienced by L. A. N. due to steam 
getting in conduit lines. If L. A. N. 
will use asbestos- covered wire, give his 
conduit line a slight incline and have 
all fittings vapor-tight, he will have 
no further trouble. A small drain 
hole should be put at the lowest point 
in the conduit run so as to drain off 
condensed moisture. 


Chief Electrician, 
Booth Kelly Co., 
Springfield, Ore. 


E. N. DILLARD. 
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In answer to L. A. N., it is evident 
that one cannot use a weather- proof 
wire and subject it to extreme heat, or 
use slow-burning wire in damp places. 
I doubt whether you can get any wire 
to suit both purposes at the same time. 

I would suggest, first, that you ar- 
range the conduit line so that it will 
drain off the condensation; trv install- 
ing several outlet boxes with blank 
covers at regular intervals along the 
line. I would say about five boxes in 
every 300 ft. It may be necessary to 
drill a few extra holes in the boxes, 
8 -in. holes would be plenty large 
enough. 

Pull in weatherproof wire, or even 
lead-covered cable. if necessary, up to 
the point where the heat becomes ex- 
cessive. Then pull in slow-burning 
wire from furnaces to nearest junction 
box, and make splices to the weather- 
proof wire. 

Another point; do not crowd the 
Wires in the pipe. Leave plenty of 
room. There should not be more than 
three No. 14 wires in a -in. conduit 
otherwise crowding will take place, 
which should be avoided. 

Los Angeles, Calif. H. A. NIELSEN. 
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Method of Drilling Holes Through Piate 
Glass—I have to drill some holes in 
plate glass 4 in. thick and wish some 
of our readers would tell me the best 
way of doing this. I have tried vari- 
ous methods but without much success 
and shall appreciate your suggestions. 
Little Rock, Ark. M. J. J. 


In replying to M. J. J., he might use 
a method which proved satisfactory in 
making some chemical laboratory 
equipment which was constructed en- 
tirely of glass and required the drilling 
of several holes. 

These holes were drilled by means of 
a triangular file turned in a brace. 
Files of the required sizes were ground 
smooth on all three sides, care being 
taken not to draw the temper of the 
steel. The drilling was rather slow 
and a stream of water was kept flow- 
ing across the holes to keep the drill 
cool and to carry away the glass dust. 
If it is not possible to use a stream of 
water, the drill should be moistened 
with turpentine. D. W. BLAKESLEE. 


Electrical Engineer, 
Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 
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In answer to M. J. J., I have tried 
many methods of drilling glass and the 
one J have found to be the most satis- 
factory for speed, accuracy and neat- 
ness is to use a piece of brass tubing, 
the outside diameter of which is the 
same size as the hole to be drilled. If 
the tubing is used in a hand drill with 
emery and oil as an abrasive, a hole 
can be drilled without danger of crack- 
ing the glass and only a slight pres- 
sure will be required. 

A block of wood with a hole bored 
through it the size of the tubing should 
be used to center the drill properly. 
This block will keep the tubing in place 
until it starts to cut. A liberal amount 
of emery and oil should be used during 
the operation. 

By using a dull hacksaw blade with 
emery and oil for the abrasive, glass 
can be easily and neatly cut when an 
ordinary cutter can for any reason not 


be used. JOHN GRIVA. 
Electrician, 

Hotel Statler, 

Detroit, Mich. 
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In answer to the question by M. J. J., 
he can easily drill holes through 4. in. 
glass by putting a few drops of tur- 
pentine on the glass where the hole is 
to be bored and using a drill made 
ae an ordinary 8-in., three-cornered 

e. 

The tempered end of such à file 
should be ground on an emery wheel to 
a very sharp, three-sided point and the 
handle end supported in a drill bit stock. 

You can get smoother holes by first 
drilling a small hole, using a small file, 
and then boring it to the desired size 
with the large drill. 

In connection with glass working I 
might say that almost any thickness 
of glass can easily be cut with an ordi- 
nary pair of tin snips, if you hold 
both the glass and the tin snips under 
water while doing the cutting. The 
size of the snips will depend upon the 
thickness of the glass that is to be cut. 


Chief Electrician, A. C. BARKER. 
W. S. Libbey Co., 
Lewiston, Maine. 
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Why Ðe These Meters Not Register 
We have a Weston power factor meter, 
Model 356, serial No. 790, and a Wes- 
ton ammeter, Model 156, serial No. 
43008, mounted on a switchboard man- 
ufactured by the Condit Manufactur- 
ing Co. and connected as shown in the 
diagram. The connections from the 
switchboard to the current and poten- 
tial transformers were made by my 


Line 


workmen. The polarity marks on the 
transformers are as indicated. The 
ammeter reads zero when power is 
flowing through the switchboard. The 
power factor meter likewise remains 
in the same position as when power is 
off the board. Is the connection scheme 
shown in the accompanying drawing 
correct? If so, what do you think is 
wrong and what tests should I make 
to locate the trouble? 
Sharon, Pa. C. F. C. 
Answering C. F. C., it is not pos- 
sible to determine or suggest the cause 
of non- registration of the meters 
shown in the diagram. Assuming that 
the internal condition of each meter is 
satisfactory the connections seem to 
be conventionally correct. No details are 
given as to the wiring runs between 
the transformers and the instruments. 
Assuming that the voltmeter reads 
correctly and that the potential trans- 
formers are operating, the current 
transformers should be tested as fol- 
lows: Short- circuit each transformer, 
at the secondary terminals, through an 
ammeter. Should readings be obtained 
which check approximately with the 
load that is being carried, it is a defi- 
nite indication that there is trouble in 
the circuit in the portion which includes 
overload trips and power factor meter. 
In the absence of any description of 
the wiring, no guess can be made as to 
the trouble which may exist, except 
that it might be either a short-circuit, 
if the conductors are carried in the 
same conduit, or a ground in the lead 
between the overload trip coils and the 
power factor meter. An ammeter con- 
nected between the common lead 


referred to and ground, or to the com- 


mon lead from the current transform- 
ers will show whether this portion of 
the circuit is in operating condition. If 
the ammeter gives a reading of the 
same value as obtained in the earlier 
wst by shorting a transformer, then 
the connection through the power 
factor meter is causing trouble. 

It is barely possible that there may be 
an open circuit in the connections, but 
in the case of a current transformer 
this condition could not exist even 
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under light load, as it would be shown 
by the heating or possibly a breakdown 
of the current transformers. 

C. OTTO VON DANNENBERG. 
Designing rig Sree 


Sanderson & Porter, 
Springdale, Pa. 
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As the back connection studs are not 
shown in their actual location in the 


diagram of connections for a Weston 


ammeter and power factor meter 
accompanying the question by C. F. C., 
it is assumed that the proper terminals 
on the back of the power factor meter 
have been used, and that either Weston 
transformers are used or the polarity 
marks have the same meaning as those 
on Weston transformers. 

If these assumptions are correct, 
then the only error in connections is 
that the current connections to the 
power factor meter are reversed. 

However, with the connections shown 
the ammeter should indicate correctly 
and the power factor meter pointer 
should deflect below or above the ends 
of the scale. Since they do not indi- 
cate at all it is evident that there is 
an open circuit in the current connec- 
tions, possibly through using the wrong 
terminals on the power factor meter. 
A simple test for this is to short-cir- 
cuit the current circuit connections to 
the power factor meter and if the rest 
of the circuit is correctly connected, 
the ammeter should show the proper 
indication. 

The accompanying sketch shows the 
proper connections for the instruments 
and accessory apparatus. It is assumed 
that two current transformers are used 
for connection to other instruments, 
such as wattmeters, as only one in the 
“middle line” is necessary for a power 
factor meter. W. N. GOODWIN, JR. 


Electrical Engineering Dept., 
Weston Electrical Instrument Corp., 
Newark, N. J 
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Froni view 


This shows the proper connections 
for a Weston power factor meter, 
using two current transformers. 
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If C. F. C. will trace his current in 
the common return wire, he will find 
that he has the current traveling in 
at his current transformers and in the 
opposite direction, that is out, from his 
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potential transformers. This will not 
work, as the meters will act as though 
connected as a shunt on one wire; that 
is, the current is trying to go out at 
both terminals at the voltmeter and 


M 


Connections for power factor meter, 
ammeter, voltmeter and relays. 


trying to go in at both terminals at the 
ammeter. In fact, the current is not 
flowing at all. If he will connect them 
as shown in the accompanying diagram 
his meters will all register. Should 
the power factor meter read lead 
instead of lag, he can interchange two 
potential transformer lead wires, and 
if the pointer goes off the scale in 
the lead direction he should change 
both the potential lead wires and also 
the current wires. 

He should always connect his poten- 
tial transformer behind his current 
transformer, as shown in the diagram. 
when connecting switchboard instru- 
ments so that the ammeter and watt- 
meter will not register the current 
used by the potential transformer, as 
this load should never be registered on 
the meters. WILLIAM P. AMANNS. 
Chief Electrician, 


Knoxville Iron Co., 
Knoxville, Tenn. 
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In answer to C. F. C. as to why his 
meters will not register, I would sug- 
gest that he reconnect his current 
transformers using one current trans- 
former for the ammeter and one over- 
load coil and the other current trans- 
former for the current element of the 
power factor meter and the other over- 
load coil. 


Longview, Wash. B. W. HAMILTON. 
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The diagram which accompanies the 
question asked by C. F. C., is appar- 
ently correct. The connections to the 
power factor meter may be checked by 
taking a piece of wire and short-cir- 
cuiting the current terminals of the 
instrument. The pointer should move 
toward lag. If it moves toward lead 
the potential connections should be 
reversed on the line side of the power 
factor meter resistor. I suggest that 
C. F. C. test the circuit from the cur- 
rent transformers for an open circuit. 


Chief Electrician, R. M. BUSH. 
Tubige Artificial Silk Co., 
Hopewell, Va. po 
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Electrical Service 
Around the Works 


Factors Involved in 
Layout of Lighting System for 
Pattern Storage Building 

SIDE from the illumination re- 
quirements, the design of lighting 
systems for pattern storage buildings 
should receive special consideration 
from the engineer, due to the great 
fire hazard that is involved. Pattern 
storage buildings are built without 
windows, to reduce the fire risk. There- 
fore, natural light need receive no con- 
sideration in the illumination design. 
In this application, as in every other, 
electric lighting has replaced oil and 
gas for illumination where full consid- 
eration has been given to the lighting 
problem. It is more convenient, less 
expensive, and very much safer than 
any other form of illumination. 

In the modern, re-enforced concrete, 
pattern storage building none of the 
floors or rooms is connected with any 
other; there are no halls, stair wells, 
nor elevator shafts within the build- 
ing. Stairs and elevators are on the 
outside of the building, and all doors 
are of fireproof construction, each with 
a second door inside the wall arranged 
to close by gravity upon the melting of 
a fuse link. 

In the lighting system for this type 
of building there should be no switches 
inside the outer walls. Cast-iron 
enclosed, quick-break safety switches 
should be mounted outside on the wall 
near the doors. All wiring should, of 
course, be protected by rigid steel con- 
duit. All lamps should be protected 
from breakage by very strong, spe- 
cially-constructed steel guards to pre- 
vent the destruction of the lamps and 
perhaps damage to the sockets. A 
large pattern striking against an 
unprotected lamp might result in a 
flash due to the conducting parts of 
the socket coming in contact and so set 
fire to the pattern and perhaps the 
building. 
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For this section ideas and practical methods devised 


to meet particular operating conditions are invited 
from readers. 


The items may refer to inspection, 


overhauling, testing or special installations. 


Special lighting designs are recom- 
mended for pattern storage buildings 
as a form of insurance which, at a low 
cost, will prevent fire losses which 
might otherwise result from poor con- 
struction and installation. 


Electrical Engineer, D. W. BLAKESLEE. 
Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 


Emergency Method of 
Operating Shunt Motor Having 
Grounded Field Coil 


N APPROACH table to a shear 

handling strip from the hot bed of 
a hot strip mill was operated by a 
20-hp., 230-volt, direct-current, shunt 
motor, controlled by a reversing drum 
controller having five points. In spot- 
ting the steel to obtain the proper 
length for shearing, much plugging 


The two defective shunt-field coils 
were replaced with series coils 
wound with 40 turns of wire. 


These were connected in series with 
the compensating windings so as to 
give additional series characteristic 
to the motor flelds. The two remain- 
ing shunt-fleld coils were placed on 
opposite poles and connected in 
series with two 15-h.p. shunt-fleld 
coils placed outside of the motor 
and which were intended to limit 
the shunt-field current to some- 
where near normal. 


is necessary. Endless trouble was 
experienced with this drive as it was 
subjected to plugging voltage which 
may run up to almost twice normal 
voltage and which caused field and 
armature failures to ground. 

Due to the fact that this motor was 
to be replaced by a compound-wound, 
mill-type motor, with automatic con- 
trol, no spares were available or on 
order. Under such circumstances it 
was only natural that this equipment 
should fail and leave us in a bad way 
at an inopportune time. Two shunt- 
field coils grounded, burning the wire 
in such a manner that repair without 
complete rewinding of the coils was 
impossible. In order to keep the mill 
in operation it was necessary that this 
shear table be made to run, hence it 
devolved upon us to find a method of 
repairing this motor in very short 
order. 

The two defective shunt-field coils 
were removed and the remaining two 
good field coils were placed on opposite 
poles in the motor as it was believed 
that better flux distribution would be 
obtained in this manner. In series 
with the two good field coils were con- 
nected two shunt-field coils from a 
15-hp. motor of similar make, as is 
shown in the accompanying diagram. 
The two 15-hp. shunt coils were used 
outside of the motor as shown, and 
were intended merely to act as resist- 
ance to limit the field current to some- 
where near normal. Resistors could 
have been used, if available. 

permanent resistance was then 


placed in series with the armature to 


hold the speed down to normal, for the 
motor ran fast due to the full action of 
only two field poles and the induced 
field of the other two poles. Because 
the friction load was small (16 amp.) 
in comparison to the rating of the 
motor (80 amp.), the reduced voltage 
at the brushes (166 volts) due to the 
permanent resistor caused no trouble. 
Although the brushes sparked consid- 
erably, it was not enough to prevent 
temporary operation of the machine 
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while proceeding with the winding of 
series coils for the field. 

Not having any wire of suitable size 
to rewind the shunt-field coils, and 
believing that more series characteris- 
tic would be helpful, it was decided to 
make two series coils to use in place 
of the defective shunt coils. These 
were made up by winding 40 turns of 
two No. 8 d.c.c. wires in parallel. Each 
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layer of wires was, of course, insulated. 

These two series coils were then 
placed on the two field poles from 
which the defective shunt-field cotls had 
been removed and connected as shown 
in the accompanying diagram. After 
the installation of these series field 
coils, the sparking at the brushes prac- 
tically stopped. Also the motor speed 
was slowed down enough so that the 
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To find size of wire to carry 10 amperes a distance of /00 ft 
with a volt drop of pofential, place a straight edge on 


2yvolts on V scale and 10 amperes on I scale an 


read 


Oe ohms or R scale, as shown by dotted line. Now place 
straight edge on Ot or R scale and /00 ft on L scale 
and read Wa JO as size of wire on C. M. scale. 


of distribution. 
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series resistance in the armature lead 
was no longer needed and hence dis- 
carded. 

The motor operated satisfactorily in 
this manner for nearly two months 
without failure; in fact, it operated 
until replaced by the new mill-type, 
compound-wound motor. 


Chief Electrician, L. P. STAUBITZ. 
Laclede Steel Co., 


Alton, III. 
Chart for 
Calculating Proper Size of 
Copper Wire 


N CALCULATING the proper size 

of wire to be used for a given instal- 
lation, consideration must be given to 
the distance from the source of supply 
to the point of distribution, the num- 
ber of amperes to be carried, and the 
permissible voltage drop between the 
source of supply and the point of dis- 
tribution. The formula that is com- 
monly used for determining wire size 
is as follows: Circular mils = [feet 


(supply to distribution) X 2 X 10.7 X 


amperes ]-: volts lost. Quite often it is 
inconvenient to go to the trouble of 
multiplying and dividing all the factors 
given in the above formula; so the 
chart shown in the accompanying dia- 
gram was prepared for the purpose of 
eliminating the labor of these compu- 
tations. 

In this diagram it will be noticed 
that there are five scales. The first one 
at the left which is marked V repre- 
sents volts and is the permissible drop 
of potential between the source of sup- 
ply and the point of distribution. The 
second scale at the left is marked L 
and represents the distance in feet 
from the source of supply to the point 
The middle or third 
scale is marked R and is calibrated in 
ohms. The fourth scale is marked 
C.M. and is calibrated in wire sizes 
and circular mils area of the conductor 
cable. It represents the proper wire 
size that is the result of the computa- 
tion. The fifth scale or the one at the 
extreme right is marked J and is cali- 
brated in amperes. 

Assume that we have a direct-cur- 
rent motor that takes a full-load cur- 
rent of 10 amp. and that this motor 
is situated at a distance of 100 ft. from 
the source of supply. Also, assume 
that we desire that the voltage drop 
from the source of supply to the motor 
shall not exceed 2 volts. Place a 
straight edge on 2 volts on the drop 
of potential or V scale at the extreme 
left and also have it line up with 10 
amp. on the current or I scale at the 
extreme right. On the middle scale, R, 
we read 0.2 ohms. In other words, if 
we have a drop of potential of 2 volts 
and a current of 10 amp., the resist- 
ance of the circuit will be 0.2 ohm. 
Now place the straight edge on 0.2 
ohm on the R scale and upon 100 ft. on 
the L scale, the second scale from the 
left, and on the wire size or C.M. scale 


* 
By means of this chart the pro 
size for a given installation 
may be . determined as 
shown by the example at the bot - 
tom of the chart. 
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read the size of wire, which is No. 10. 
Consequently, we find that a No. 10 
wire is required to transmit 10 amp. a 
distance of 100 ft. with a drop of 
potential of 2 volts. 

The current that is to be carried by 
the wires can usually be determined 
from the nameplate of the machine to 
which the wires are to be connected. In 
the case of direct-current machines, 
the current will be given in amperes 
and in the case of alternating-current 
machines, particularly two-phase and 
three-phase machines, the current will 
be given in amperes per terminal 
These values of current are the ones 
that should be used in calculating the 
size of wire. 

In case the current is not given but 
the horsepower or kilowatts and volt- 
age are given, the current can readily 
be calculated from the following for- 
mulas: 

For direct current, I= .-. 

For single-phase alternating current, 
I=W—~(VXP.F.) 

For two-phase alternating current, 
I=W-—(2XVXP.F.) 


For three-phase alternating current, 


I=W-—(V3XVXP.F.) 

In each of the above formulas J 
stands for current in amperes, W = 
watts, V = volts and P. F. = power 
factor expressed as a decimal rather 
than in per cent. Horsepower can be 
converted to watts by multiplying by 
746 before using in the formulas. 

To find the best size of wire to use 
for balanced three-phase, three-wire 
circuits, the current per terminal or 
current in each wire is determined as 
described in the foregoing. The wire 
size is then calculated by means of the 
chart in the same manner as given 
in the previous examples. The circular 
mill area of the wire size thus found 
must then be divided by 1.154 or multi- 
plied by 0.866 to obtain the correct size 
of wire for use on a balanced three- 
phase three-wire circuit. 

In using the accompanying chart it 
should be remembered that distance is 
taken as the number of feet from the 
source of supply to the point of dis- 
tribution or point at which the wires 
are to be run, rather than the total 
length of the wire that is used. 

CHARLES F. CAMERON. 
Rock Springs, Wyoming. 


Locating Reversed Field Coil 


With Carbon Lamp 


OME time ago while running a test 
on a synchronous motor, which had 
just been installed, it was noticed that 
the direct-current machine which was 
to be used to furnish current for 
excitation and to bring the synchronous 
motor up to speed, would not accelerate 
and that it sparked badly at the 
brushes. Shifting the brushes did not 
remedy the trouble. The wiring con- 
nections were checked and found to be 
correct; also the connections inside the 
motor exciter were checked and found 
to be all right. It was then decided to 
test the field cofls for polarity; so the 
armature was removed. The question 
then arose as to how the polarity of the 
field coils could be checked, as a com- 
pass was not available. 
This difficulty was overcome by using 
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a carbon lamp in the following manner. 
One side of the globe of a 16-cp., car- 
bon lamp was marked with black shel- 
lac as shown in the sketch and con- 
nected to an extension from the direct- 
current, plant lighting system. The 
shunt-field coils of the exciter were now 
energized from the switchboard and 
the carbon lamp placed near the pole 
face of each coil in succession with 


The filament of a lighted carbon 
lamp is attracted or repelled by the 
field pole. 


By holding the lamp in the same 
relative position over the face of 
each pole, the polarity of each pole 
relative to the remaining poles, can 
be determined. 


the marked side of the globe towards 
the pole face. By watching the lamp 
filament closely it was noticed that at 
the first coil the filament of the lighted 
lamp was deflected toward the pole; 
at the second pole it was deflected away 
from the pole; at the third and fourth 
poles it was also deflected away, which 
showed that there were three field coils 
in succession having the same polarity. 
In other words poles 2, 3, and 4 were 
either all north poles or all south poles. 
The connections of the coil on No. 8 
pole were reversed and the machine 
reassembled, after which it ran in an 
altogether satisfactory manner. 

The reason the lighted lamp acted in 
this manner was because the carbon 
filament carrying direct current acted 
as a small electromagnet which was 
attracted or repelled when brought 
close to a shunt field pole. The black 
spot was placed on the lamp to insure 
that it was held in the same relative 
position in front of each pole. If the 
lamp filament were repelled by a north 
pole when the black spot was towards 
the pole it would likewise be repelled 
from a south pole if the black spot 
were away from the pole. Hence the 
necessity for putting the black spot on 
the lamp. 

Later, this same test was applied to 
the field of an 85-kw. synchronous motor 
by connecting a 32-cp. carbon lamp in 
series with the field. Even with this 
small amount of current flowing—about 
1 amp.—the indications were quite 
clear. The best results are obtained 
by holding the lighted lamp over the 
face of the pole and momentarily turn- 
ing off the current to the lamp. Then 
each time the current is turned on the 
filament will move sidewise, thereby 
indicating the relative polarity. 


New Westminster, B. C. W. L. STEVENS. 
Canada. 
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Method of 
Making a Sleeve Splice on 


Heavy Cables 

U- the above heading there 

was described by S. H. Samuels 
on page 153 of the March issue 
of INDUSTRIAL ENGINEER, a method of 
splicing a 500,000 circ. mil. cable which, 
although a sleeve was used, differed 
considerably from the ordinary sleeve 
splice. 

The method described was to cut the 
heart out of one section of the cable 
for a distance of a few inches, leav- 
ing only the outer strands. The other 
section of cable was treated in just the 
opposite manner—the outer strands be- 
ing removed and the inner ones left. 
The result, when the inner strands of 
one piece had been pushed inside of 
the outer strands of the other and the 
two sections butted closely together, 
was a dowel joint, which was reinforced 
by a split sleeve around the outside. 
The joint was then soldered and in- 
sulated. 

While such a joint is an improve- 
ment, for large cables, over the ordi- 
nary sleeve joint (where the ends of 
the wire are merely butted together 
inside of a split sleeve and then sol- 
dered) and should be perfectly satis- 
factory in places where there is no 
strain on the cable, which the writer 
of the article said was the case in this 
instance, yet it is not the safest one 
to use with heavy cables that are under 
a strain. I have known of cases where 
very similar splices have pulled apart. 

Under a strain, the ordinary mechan- 
ical joint of the Dossert or some similar 
type, should show up better; best of 
all, in my opinion, would be the ordi- 
nary wrapped joint. 

This is made by first cutting back 
the insulation, on each of the sections 
to be spliced, for several inches. Then, 
for about half of this distance the heart 
is cut out of both of the cables to be 
spliced. The outside layer or layers of 
wire are fanned out at right angles 
to the axis of the cables and the ends 
of the two cables are butted closely to- 
gether, the strands being interlaced and 
brought down to their original posi 
tions. Next, one of the strands is 
wrapped tightly around all of the other 
strands, which are bunched together. 
After this strand has been wrapped as 
far as it will go, another strand is 
taken and similarly wrapped. This 
procedure is followed until all of the 
strands have been used. When the 
work is completed you will have, if 
the splice had been well made, a joint 
which even before soldering will be me- 
chanically strong and electrically of 
very low resistance. 

However, soldering will increase both 
its mechanical strength and its elec- 
trical conductivity, and should be done 
in all cases. Instead of heating the 
wire directly by means of a blow torch 
it is better to bring the wires up to 
the required temperature by pouring 
the molten solder over the joint, from 
one ladle to another, after the use of 
the proper flux. By pouring the solder 
over the joint the wires will be kept. 
cleaner than if the fiame impinges di- 


rectly upon them. 
Westfield, N. J. G. H. MCKELWAY. 
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This department will furnish mechanical 
details of installation, operation and main- 
tenance of equipment in the path of power 


Mechanical Maintenance of 


Power 


Standardized Type of 
Platform for Mounting Motors 


on Columns 


ECENTLY a large fireproof ware- 

house was taken over by an indus- 
trial firm for manufacturing operations 
and group motor drives were installed 
at various points. The building had a 
30-ft. bay along each side and a 12-ft. 
aisle through the middle. It was de- 
sired to put the motors in this aisle 
where they would be more out of the 
way, would not shut off any light, and 
where they could be fed from a common 
power line down the center of the room. 
However, it was desired they be acces- 
sible, substantially supported, not in- 
terfere with trucking operations, and 
that their installation cost be low. 

The man at the head of the mill- 
wright and maintenance departments 
decided upon the motor stand shown 
in the accompanying illustration. As 
more than a score of them would be 
required, he decided to reduce the 
manufacturing cost by making only 
one type and size of stand, regardless 
of whether a 5- or 20-hp. motor was to 
go on it. It was decided to attach the 
motor stands well up toward the ceil- 
ing on the 24-in. by 24-in. reinforced 
concrete columns alongside the aisle. 

These stands were made of angle iron, 
which is the simplest and strongest 
form in which metal with the desired 
working faces could be secured, and 
were designed so that no bending or 
special cutting was needed for fabri- 
cating. They were made up in triangu- 
lar shape and riveted at the intersec- 
tions. The top legs were made long 
enough so that a bolt could be put 
through the two columns, as shown in 
the drawing. The motors were placed 
on the side of the column toward the 
aisle; thus all of the belt pull is to- 
ward the column and the supporting 
frame is partially relieved of this 
strain. 

The frames were drilled for four 
expansion bolts to attach them to the 
face of the column on the aisle side. 


ing 


Drives 


Two of these %-in. expansion bolts set 
in lead poured in holes 4 in. deep in the 
column face are shown in the drawing. 
The use of expansion bolts necessitated 
a minimum of cutting on the columns. 
To locate these holes for drilling, the 
frame was placed against the column, 
the tops leveled up throughout, and the 
holes scribed and drilled. 

A wooden platform of planks dressed 
from 2-in. stock, was laid on top of the 
horizontal angles and bolted to them. 
The motor or the motor base was then 
bolted to this platform. All sharp cor- 
ners were rounded off and the installa- 
tion given a coat of cream-tinted paint. 
The rows of uniform platforms, all 
mounted at the same height and sup- 
ported by a framework below that was 
not designed in hit-or-miss fashion, 
added to rather than detracted from 
the appearance of the room. 


72'Above 
the floor 


This standard design of motor 
mounting was used for the instal- 
lation of a number of motors in 
one shop. 


service from the first mechanical driv- 
element 
equipment to all driven machines. 
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Method of 
Repairing Roller Bearings in 
Loose Pulleys 


VERYONE who has seen the inside 

of a silk throwing mill will re- 
member the long rows of machines, 
each with scores of spindles and as 
many spools of silk cord being rapidly 
unwound. . Though apparently the 
lightest of work, a room 100 ft. long 
full of these machines, and with 20-ft. 
machines set in a double row, may re- 
quire 100 hp. The belt drive to these 
machines is received by what is known 
as the “head,” which is really a tight- 
and-loose-pulley arrangement for two 
belts with one loose pulley. Many of 
these machines have 1%-in. shafts and 
the loose pulley has a 3-in. hub length. 
All modern machines have a roller bear- 
ing on this pulley, which greatly re- 
duces the maintenance cost over that 
of the older, plain bearings. 

One mill that was newly built and 
newly equipped began to think it was 
free from the loose-pulley curse as, 
year after year, these roller-bearing 
pulleys ran smoothly. Then, as if by 
common consent, trouble appeared on 
several machines at the same time. In- 
vestigation showed that the cages of 
the bearings had long since come apart 
and that the rollers had been running 
around freely until they packed and 
jammed, along with miscellaneous bits 
of metal, and refused to go any further. 

No spare bearings were on hand. 
What little thought had been given to 
this contingency was that the bearings 
would wear out gradually and would 
show this letting down in plenty of 
time to order spare parts. The sleeves 
were good and the shafts also, but the 
rollers were completely “shot.” 

At first it was planned to put in 
plain bushings, and everyone mentally 
groaned at the thought, but the master 
mechanic requested to be allowed to 
try a home-made roller bearing expe- 
dient and his request was granted. At 
the present time, nearly all the ma- 
chines in the mill have suffered from 
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this bearing trouble and all have been 
fitted with these same home-made bear- 
ings; so their wearing qualities must be 
worth telling about. 

It was found that -in. round steel 
would just fill the space between the 
sleeves and the slightly worn shaft 
and so pieces of cold-drawn steel were 
cut off % in. shorter than the hub 
length. Eleven of these were put in; 
the twelfth one missed going in by 
about in., but the 11 worked nicely 
and they were allowed to space them- 
selves as they would. The pulley so 
bushed was a good fit on the shaft. 
The end collars took good care of any 
side movement, either of the pulley or 
the rollers. 

Two years have elapsed since the 
first of these bearings were “replaced.” 
The first rollers used are now being 
thrown out as worn too small and in 
their place are inserted rollers of n · in. 
cold-drawn tool steel, unannealed. Case- 
hardened rollers were tried on a few 
machines but they were less satisfac- 
tory than the plain cold-drawn steel, 
as they were warped from the heat 
treatment and, as a consequence, they 
wore out of round and wore the shafts 
considerably. 

The rollers are sawed off with a hack- 
saw. Then the sharp corners are filed 
off in the lathe and the pieces are ready 
to use. The replacement cost is low 
and these rollers can be made up at a 
moment’s notice. 


DONALD A. HAMPSON. 
Plant Superintendent. 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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Installation of 
Flexible Coupling and Extra 
Bearing Saves $195 Yearly 


REQUENTLY plant operating men 

overlook the apparently small mat- 
ter of placing a coupling between a 
source of mechanical power and a 
driven machine. In many cases the 
question is not brought up until con- 
siderable damage has been done to an 
expensive piece of equipment. 

In 1915 our company tried some 
Francke flexible couplings (Smith & 
Serrell, Newark, N. J.) on rubber mill 
drives in our plant at Akron, Ohio. The 
value of a flexible coupling on some 
of the drives was so apparent that it 
led to additional purchases, and in 1917 
we began using them at our College 
Point, Long Island, plant. Recently 
when we adopted individual drives for 
the Butler, N. J., plant we installed 
Francke flexible couplings throughout. 

We manufacture hundreds of hard 
rubber products including a large num- 
ber of radio supplies, combs, and so 
on. The flexible couplings are employed 
in driving all kinds of rubber machin- 
ery, including washers, mixers, grind- 
ers, calenders, and so on. We also 
employ flexible couplings on our tin 
mill drives. 

These mills are driven by induction 
and synchronous alternating-current 
motors operating generally at about 
600 r.p.m. Also, a number of variable- 
speed, direct-current motors, giving 
speeds of 300 to 900 r.p.m., are used 
on the finishing work or tin mill drives. 
Gear reduction units, most of which are 
of the herringbone type, with a reduc- 
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tion ratio of about 6 to 1, are employed 
on practically all drives. The flexible 
couplings are used between the motors 
and gear reduction units. 


Flexible 
coupling 


The right way 


These sketches show the proper 
way to install a drive, with a flexi- 
ble coupling between the drive and 
the reduction unit. 


All the drives are equipped with a 
braking device on the motor so as to 
protect the operator and machine. On 
the d. e. motors and the a. c. syn- 
chronous machines, electro-dynamic 
braking is employed, while the a. c. 
induction motors are equipped with 
hand-reset, electrically-actuated, me- 
chanical band brakes. The braking 
systems are adjusted to stop the ma- 
chines very quickly, and so throw a 
severe stress on the couplings when- 
ever the brakes are set. Starting the 
machines also throws considerable 
strain on the couplings. In spite of 
this severe service these couplings have 
stood up very well. Since they have 
a certain amount of spring, they re- 
lieve the shaft and the equipment of 
a considerable jar when the machinery 
is started or stopped suddenly. 

A flexible coupling has many advan- 
tages over the use of a solid shaft or 
a rigid coupling, with which there is 
danger of bearing trouble, caused by 
misalignment after wear has set in. 
Such misalignment causes whipping of 
the shaft, with consequent additional 
wear. Furthermore, when herring- 
bone gear reduction units are em- 
ployed it is advisable for the shaft to 
have some end play, so that the gears 
will mesh properly; otherwise there 
will be considerable wear on the gear 
teeth. These flexible couplings permit 
the required amount of end play and 
also permit giving the armature enough 
end play so that it can move to its 
correct magnetic center. If no allow- 
ance is made for such movement a. c. 
motors will draw additional magnetiz- 
ing current, which lowers the power 
factor and decreases the efficiency. 

We use extreme care in lining up our 
machinery and, therefore, the greatest 
advantage we derive from the flexible 
coupling is the end play which it af- 
fords. However, there are times 
when, due to bearing wear, a shaft 
gets out of alignment without being 
noticed. 

The couplings require very little at- 
tention. We inspect them every three 
months merely as a safety precaution 
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to detect signs of wear on the pins, and 
as soon as there are any indications 
of more than ordinary wear we replace 
the pins. On some drives the pins 
have not been replaced for ten years. 
When it does become necessary to 
renew parts the job can be done very 
quickly because the parts are inter- 
changeable. While the savings effected 
by a flexible coupling, compared with 
a rigid one or a solid shaft, are quite 
difficult to calculate in every case, it 
is conservative to state that many of 
the couplings have paid their cost many 
times over in the repairs they have 
saved. These couplings can be con- 
sidered in the light of insurance on 
expensive machinery and equipment. 
A specific case which shows how 
these flexible couplings prove a profit- 
able investment is illustrated by the 
attached diagram which shows a 
100-hp. drive on a metal finishing mill. 
The upper sketch shows the wrong 
method of connecting to the gear re- 
duction unit, which is the way it was 
formerly done, while the lower sketch 
shows the better way, as it is done now. 
With the arrangement shown in the 
upper illustration, bearing a had to be 
rebabbitted two or three times per year, 
because of the whipping of the shaft. 
By ading an extra bearing d, and a 
flexible coupling, as shown in the lower 
sketch, this repair cost was cut down 
to almost nothing. The added invest- 
ment in the extra bearing and the 
flexible coupling, was about $250 and 
the total operating cost amounts to 
only $51.75 per year, as shown in the 
accompanying cost sheet. 


Savings Effected by Using a Flexible 
Coupling and an Extra Bearing 


Fixed costs on flexible coupling and 
extra bearing 
Depreciation (cost + instal 
tion expenses) $250. 00x10% $ 25.00 
Average interest® on the 
vestment at 6% == (114-10) X 


($250.00 X 0.06) 42 2... 9.25 
Estimated annual allowance 

for repairs and maintenance 

%%%/ͤ»;—9⁊9-i EE PEE 12.50 
Added lubrication cost on the 

one bearing 5.00 


Total additional cost an- 
nuallxf 22228 651.75 


Cost of rebabbitting bearing three addi- 
tional times per year— 
Labor dismantling ma- 
chine each time..........$30.00 
Labor and material re- 
babbitting bearing .. 35. 00 


Ft! 365. 00 
Total additional cost per year 
Nn h 0000000 amonenn 3195.00 
Fixed costs on flexible coupling 81.76 


and extra bearing. 3 


Net annual savin 
Net annual return on the added 
invstment % 


* Allowing for interest earned by de- 
preciation reserve. 
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On the basis of three additional 
babbittings for bearing a each year, 
there is a gross saving of $195. If we 
subtract from this saving the cost of 
operating the flexible coupling and the 
extra bearing, d, there remains a net 
annual saving of $143.25, which repre- 
sents a net annual return of 57 per 
cent on the investment. 


Mechanical Engineer, N. A. COZZENS. 
American Hard Rubber Co., 
New York, N. Y. 


December, 1925 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 


Selecting Material for Small 


Motor Bearings 

OME repairmen are under the im- 

pression that small motor bearings 
can be made satisfactorily from any 
kind of bearing materials. This is not 
the case, judging from my experience 
while in charge of a repair shop han- 
dling all kinds of small motors. 

We repaired all kinds of appliances 
having high-speed motors, such as vac- 
uum cleaners, drink mixers, and the 
like, and at one time considerable trou- 
ble was encountered on account of new 
bearings freezing shortly after they 
were installed. As our shop was 
equipped with lathes, rush bearing jobs 
were turned out by one of our work- 
men. Many cleaners and washing ma- 
chine motors came back with frozen 
bearings shortly after being sent out 
equipped with bearings of our own 
make. Our first thought was that the 
ee had failed to keep them well 
oiled. 

New bearings of the same material 
were made and sent out with the same 
results, although care had been taken 
to see that they were properly oiled. 
We were not having trouble with fac- 
tory-made bearings, which gave very 
good service. Upon checking up on 
the materials used, I found that we 
were making bearings from cold-rolled 
brass obtained from a local hardware 
store at a low cost. A search through 
our stock room brought forth plenty 
of good bronze bearing material in sizes 
best suited for our bearings. From 
that time on all bearings were made 
from this material, and there were no 
come-backs or complaints. A test set 
ran very well for hours without oil be- 
fore being damaged in the least. 

The heating of small bearings is 
much greater, in proportion, than in 
the case of large ones, due to the ab- 
sence of flowing oil carried onto the 


shaft by rings. Therefore, a high 
grade of bearing material should be 
used on all small motor bearings, as it 
is the cheapest in the long run. The 
co-efficient of expansion of brass is 
higher than that of bronze, which some- 
times permits bearings to freeze re- 
gardless of the amount of oil used. 
Chicago, III. CARL G. HOWARD. 


Layout of Panel for Testing 
Electrical Equipment 


cE IS common practice in repair shops 
to put a lamp in series with the test 
leads used for detecting short-circuits 
and other defects in electrical equip- 
ment. The testing panel shown in the 
accompanying illustration has the ad- 
vantage that lamps may be cut in series 
with the leads or full line voltage may 
be put on the equipment under test, 
by throwing over the double-throw 
switch. Furthermore, the lamps may, 
if desired, be mounted away from the 
panel, so that there will be much less 
danger of breakage, while the panel it- 
self may be placed conveniently close. 

As will be seen from the left-hand 


Rear View 


Front View 


When the switch is thrown up the 
lamps are cut into the testing cir- 
cuit; when it is thrown down the 
lamps are cut out. The diagram 
at the right shows the connections 
on the back of the panel. 
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diagram, this testing panel consists of 
a double-pole, double-throw switch, two 
or three lamps and several plug recep- 
tacles with different types of blade fit- 
tings, all mounted on a suitable base. 
Wing nuts are provided at the bottom 
of the panel for connecting apparatus 
that is not fitted with a plug. If flush- 
type receptacles and a back-connected 
switch are used the panel will present 
& very neat appearance. The diagram 
at sy right shows how the panel is 
wired. 


Electrician, 
Riordan Pulp Co., 
Temiskaming, Que., Can. 


J. H. SAUVE. 


Making Quick Repair of Broken 
Motor Frame 


E HAD an accident in which 

one of the end frames of a 1-hp. 
motor was broken at a time when it 
was very badly needed. It was a single- 
phase, 60-cycle, repulsion-induction mo- 
tor, running at 3,600 r.p.m from the 
lighting current supply. In a few 
minutes’ time, we ascertained by means 
of a telephone that there was not 
another such motor in the community. 
The delay in sending to the manufac- 
turer for a new end frame would 
mean an actual loss of hundreds of 
dollars. 

We considered two ways of repairing 
the broken frame to keep the machine 
in service temporarily: One was to 
rivet on plates to hold the broken parts 
together, and the other was welding. 
We could get the parts aligned better 
by using patches, but it would not be 
as rigid a job as the weld. The break 
on the frame was, incidentally, on 
the end away from the pulley. Not 
only was the outside ring of the frame 
cracked through, but also the hub en- 
closing a bolt hole was broken out 
completely, as was the center hub 
housing the bearings. 

We finally decided to try welding. 
We first welded the ring together and 
put in the bolt hub. Then we clamped 
the piece on a planer bed, blocked the 
center hub up on the inside on its ma- 
chined face and ran a bolt down 
through to keep it in place. All of the 
welding was done from the outside. The 
bearing bushing and the oil ring had 
been removed, as had also the brush 
holder rigging. 

In spite of the clamping, the center 
hub twisted somewhat when it cooled. 
This did not surprise us for we had 
noticed the same thing on other similar 
repair jobs. In such a case, there are 
two courses open in making a job that 
will have all the faces concentric and 
square. One is to bore out the center 
hub and make an oversized bushing for 
it—the frame being chucked in the 
lathe and trued up by the ring facing 
its inner shoulder. This is the method 
to use when the bore is badly out of 
line. It takes a longer time to do it, 
however, and requires a special bush- 
ing. The other method is to slip an 
arbor in the center hub, which is of 
the sume size as the outside diameter 
of the bronze bushing, and to put this 
assembly on centers in the lathe. Then 
face the big end of the frame head and 
cut the inside shoulder to fit over the 
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main body of the frame—or inside of 
the raain body of the frame, as the 
construction may be. 

This is what we did in the case of 
the motor that had been broken. The 
surface on the big end of the frame end 
ran out of line vs in. Using a lathe 
tool, we cut until this cleared up about 
two-thirds of the way around the 
frame. The inside of this frame was 
bored out in the same way, not taking 
out all of the untrue surface but enough 
of it to give an average bearing so as 
to properly align the end frame and 
prevent its being sprung by the bolts. 

At the same time, two inside surfaces 
at the hub were cut back an equal 
amount so that the brushes would not 
bind, or the rotor be unable to float in 
its bearings as formerly. In a little 
less time than three hours, we had the 
motor going again, almost as good as 
ever, and working perfectly. Such a 
repair is comparatively inexpensive, it 
makes a good job, and it saves the day 
where the motor is the big machine, as 
it most generally is. 

DONALD A. HAMPSON. 
Plant Superintendent, 


Morgans & Wilcox Mfg. Co., 
Middletown, N. Y 


Method of Using an 
Autotransformer for Locating 
Grounds on Motors 


E HAVE found that the auto- 

transformer from an old com- 
pensator or auto-starter can be used as 
a very convenient means of obtaining 
low voltages for testing for grounds in 
motors, controllers and the like. Most 
compensators have two or three coils 
placed in the same laminated frame. 
We use only one of these coils. This 
autotransformer was taken from a 
compensator having a rating of 5 or 10 
hp., at 440 volts, although a 220-volt 
autotransformer could have been used. 
The higher-voltage transformer is pre- 
ferred as it has a higher reactance and 
keeps the current drawn from the line 
to a lower value when the testing ter- 
minals are shorted, as when a ground 
is found. 

The two line leads of the autotrans- 
former are connected to the 110-volt 
supply as shown in the accompanying 
diagram. By connecting two test leads 
to the different taps of the coil, vari- 
ous low voltages can be obtained. As- 
suming that the autotransformer has a 
50 per cent tap, a 65 per cent tap and 
an 80 per cent tap, and that the line 
leads of the coil are connected to a 
110-volt power supply, the voltages 
shown in the table accompanying the 
diagram can be obtained. 

In using the apparatus, the test leads 
are first connected across the tap giving 
the lowest voltage. The other end of 
one test lead is then grounded on the 
frame of the machine under test and 
the other lead connected to the wind- 
ing. The ground will show up by an 
are or smoke, for this method of test- 
ing permits a large current to flow 
through the defective part of the equip- 
ment tested. If nothing happens with 
the lowest voltage, the test leads may 
be moved to taps giving a higher 
voltage. 
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The advantage of this method over a 
test lamp is that the test lamp only 
indicates that a ground is present and 
does not locate its position, because the 


[0 Volts 
SOZ 65% SOR 
1 2 3 4 J 

T Obtain Connect Test Leads fo 
16 & volts Leads 2-3 or 3-4 
22 volts Leads 4-5 

33 volts Leads 2-4 

38 %2 volts Leads 3-5 

55 volts Leads 2-Sorl-2 

71 & volts Leads 1—3 

88 volts Leads 1-4 

410 volts Leads 1-5 


Test leads are connected to taps on 
the autotransformer, thus obtain- 
ing a low voltage for testing. 


The voltage values that may be ob- 
tained with the taps indicated are 
shown in the table. This method of 
testing will pass enough current 
through a ground to cause it to arc 
or burn, thus showing its location. 


i —— — ͤ—— 


resistance of the lamp is too high to 
permit much current to flow through 
the defect, while the autotransformer 
will deliver sufficient current to cause 
the ground to smoke or arc. 


Chief Electrician, W. B. CONE. 
Shevlin-Hixon Company, 
Bend, Ore. 
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How to Make Simple and Easily 
Replaceable Fuses 


N RUNNING a test on some electri- 
cal equipment it was necessary to 
replace blown fuses as quickly as pos- 
sible, and as no circuit breaker or re- 
newable fuse was at hand, the outfit 
shown in the illustration was used as a 
substitute and worked very well. As 
will be seen, caps of separable attach- 
ment plugs were fitted with lengths of 
fuse wire bent as shown, and the plug 
itself placed in the fuse block. When 
the fuses blew they were immediately 
replaced by exchanging caps. Later on 
the caps were refilled at leisure. 

While such a fuse would not, of 
course, be suitable for a permanent in- 
stallation, it is very useful, in emer- 
gencies, in any repair shop or labora- 
tory. Also, it is much cheaper than 
the ordinary plug fuse, as the fuse 
wire may be purchased cheaply in rolls 
and cut to the desired length. 

Boulder, Colo. HAROLD E. BENSON. 
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Fuse wire of the desired rating is 
fastened under the terminals in the 
cap of a separable plug, which is 
screwed into the fuse block, 
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How to Clean 
Old Commutator Bars and Strap 
Copper Armature Coils 


| SMALL repair shops and winding 
departments of industrial plants 
oceasions arise for removing the old 
insulation from a set of strap copper 
armature coils, or the old mica from 
between commutator bars, in order to 
reinsulate them or put in new mica. 

The best way of removing the old 
insulation is to allow the coils or bars 
to soak from 4 hr. to 8 hr., depending 
upon their size, in a tank of boiling 
Wyandotte or Oakite cleaning solu- 
tion. An ordinary water pail or wash- 
boiler, heated on a gas plate, may be 
used in the absence of a standard tank 
with steam coils, or other means of 
heating the cleaning solution. 

Armature coils should be removed 
carefully from the armature, so as not 
to bend them out of shape, tied in 
bundles of five or ten depending on 
size, being lifted in and out of the tank 
by long pieces of scrap wire attached 
to each bundle. The coils should be 
soaked until the old insulation is soft 
and soggy like wet paper; then they 
may be removed a few at a time and 
the old insulation cleaned off while it 
is still wet. A stiff-bladed knife (one 
made from a power hacksaw blade will 
do) should be used. A scraping motion 
along one edge of the coil is all that 
will be necesary to remove the insula- 
tion. This procedure does not affect the 
tinning of the leads nor the copper 
itself, and is much better and quicker 
than burning off the old insulation. 
Burning makes the tinned ends glass- 
hard and warps the coils out of shape. 

If the coils to be reinsulated are 
large and have mica and fishpaper cells 
in the slot sections, it is best to remove 
the wrappers before placing the coils 
in the cleaning bath. One good 
method of doing this is to run a glass 
cutter along the cell or use a sharp 
knife to cut along one edge and then 
untwist the old wrapper with the 
hands. It is not necessary to cut down 
to the copper; cut the tape and one 
turn of the wrapper, and then unwind 
the wrapper and tape. The reason for 
removing the cells is to allow the clean- 
ing bath to get at the copper under the 
slot insulation and remove any old var- 
nish or tape. It will be found that 
time can be saved by first removing the 
wrappers. 

In the case of commutators the 
V-rings, mica and metal should be 
removed and the commutator knocked 
apart into a wire mesh basket. One 
or two pieces of mica should be saved 
as samples. The commutator bars 
should be allowed to soak in the hot 
cleaning solution until all the mica 
falls away from them. This will leave 
the copper clean and it will not be 
necessary to sandpaper any of the bars 
or scrape them with a knife to remove 
particles of mica and shellac. 

A cleaning tank will be found useful 
for soaking small transformer cores, 
auto-starter cores, small d.c. arma- 
tures, with the commutator removed, 
to loosen up hard slot insulation and 
numerous other jobs around the shop. 
Wilkinsburg, Pa. A. C. ROE. 
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New Equipment 


For Plant Operation and Maintenance 


Industrial plant executives concerned with the selection and operation of 

mechanical and electrical equipment will be interested in these new devices 

which are designed to improve plant operation or reduce operating and 
maintenance costs. 


Heavy-Duty Soldering Iron 


HE electricallycheated soldering 

appliance shown in the illustration 
has been designed by Harold E. Trent, 
259 North Lawrence St., Philadelphia, 
Pa., to meet heavy-duty requirements. 
It is made in two styles: a spear shape 
and a hatchet type. The latter is shown 
in the accompanying illustration. Both 


of these have a copper tip in which the 
heating unit is clamped and which, it 
is said, can be left on indefinitely at 
its rated voltage without overheating 
the tip or burning out the heating 
element. 

The iron complete weighs 5% Ib. 
and the tip is 3 in. wide by % in. thick 
on its working surface. It has been 
so designed that the proportions are 
such as to make for easy handling. It 
is intended for use on 110-volt circuits 
and draws 500 watts. 

Ten feet of the best grade of flexible 
cord with a two-part plug are pro- 
vided to facilitate connections. 


Short-Center Flexible Drive 


1 of a new type of 
short-center, flexible drive, known 
as the Texrope Drive, is announced by 
the Allis-Chalmers Mfg. Co., Milwau- 
kee, Wis. The Texrope Drive, as 
shown in the accompanying illustra- 
tion, consists of a pair of grooved 
sheaves and a number of special end- 
less V-belts. These sheaves are far 
enough apart so that the belts fit the 
grooves, it is claimed, without tension, 
slack, or lost motion in the drive. Also, 
that due to the V construction, they 
cannot slip, as the harder they pull the 
more firmly the belt grips the groove; 
however, being elastic and stretchable 
they do not jerk either when starting 
or running, nor do they transmit vibra- 
tions, but act as cushions between the 


per minute. 


driving and the driven machines. 

It is stated that bearing pressures 
are low, as no belt tension is necessary: 
also, that the drives occupy very little 
space, are silent, are unaffected by 
moisture or dirt, are safe and simple, 
0 each belt carries its portion of the 
oad. 

With no slip the speed ratios are 
fixed. There are in use Texrope drives 
having ratings from % to 250 hp., with 
speed ratios, up to 7 to 1, and belt 
speeds ranging from 800 to 6,000 ft. 
They have already been 
placed in service in nearly every indus- 
try, particularly on textile machinery, 
fans and blowers, machine tools, food 
manufacturing machines, refrigeration, 
mining, crushing, wood and metal- 
working machinery, elevators-and con- 
veyors, paper, flour and rubber mill 
drives and on other appliances. 


Improved Roller Bearings 


F that an improv- 
ed type of Timken tapered roller 
bearing is now in production is made 
by The Timken Roller Bearing Co., 
Canton, Ohio. This new bearing has 


major refinements but retains all of the 
essential elements of the Timken bear- 
ing. It is made of nickel-molybdenum, 
special-formula steel. The design of 
the roller has been changed so that the 
surface of the large end presents a 
right-angle relation to the center line 
of the roll, as shown in the lower part 
of the accompanying illustrations. The 
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contact between the large end of the 
roll and the riveted cone is in two areas. 
The rib of the cone is slightly under- 
cut. This two-area contact is made to 
insure axial alignment between the 
center line of the roll and the center 
line of the bearing at all times. 
Another purpose served by the two- 
area contact is in maintaining align- 
ment of the rolls on the cone in the 
cup, without resorting to a cage fixture 
to retain the alignment. 

The Timken cage has been improved 
along with the cone and roller assembly 
in that all the cage pockets are made 
at one time by a multiple perforating 
die which perforates all roll pockets 
in the cage by a single impact. A sec- 
tion of cage is shown in the upper part 
of the accompanying illustration. 
Other refinements have been made in 
the manufacturing processes, to pre- 
vent distortion of the parts. These 
improvements are said to have reduced 
the noise made by the bearings while 
in operation. 


Heavy-Duty, -in. Drill 


HE line of portable electric tools 

manufactured by The Black & 
Decker Mfg. Co., Towson, Md., has been 
increased by the addition of a heavy- 
duty, -in. drill. This model is not 
intended to take the place of the .in. 
drill which has long been on the mar- 
ket but has been designed to supple- 
ment it. The two drills are similar in 
general appearance, but the heavy-duty 
tool is built for more severe service and 
operates at a higher spindle speed than 
the regular model. 

The 3,000 r. p.m. motor can be oper- 
ated on either a.c. or d.c., 110-volt cur- 
rent. Additional ventilating holes are 
contained in the rear of the motor hous- 
ing. The trigger switch is used. 


— 


Threadless Conduit Fittings 


A LINE of threadless conduit fittings 
known as Emico Kondu-Box has 
been put on the market by the Erie 
Malleable Iron Co., Erie, Pa. The Emico 
Kondu-Box does not require any 
threads on the conduit, although it can 
be used on either threaded or un- 
threaded sections. By the use of this 
threadless fitting the cost of thread cut- 
ting is entirely eliminated and in addi- 
tion the cost of erecting or putting the 
conduit in place is said to be reduced 
owing to the fact that it is unneces- 
sary to screw the conduit into the fit- 
ting. This box is so designed that 
every connection or outlet is a union in 
itself, which eliminates the use of run- 
ning threads or units, and permits 
construction to be started at any point 
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without resorting to a running thread. 
As these fittings are made of malleable 
n they are claimed to be non-break- 
able. 

The construction and method of in- 
stallation of these boxes may be easily 
seen from the accompanying illustra- 
tion. The slotted bushing which is 
tightened down on the conduit has 
rings on the interior which are forced 
through the enamel of the conduit as 
the locknut is tightened on the bushing 
and so make a metallic contact between 
the conduit and the box. 

Any fitting may be removed from an 
installation after it has been com- 
pleted so that another Kondu-Box 
with more openings may be substituted, 
without breaking the fitting. It is 
also unnecessary to use right- and left- 
hand threads, and lengths of conduit 
bent to any shape may be fastened 
together because it is unnecessary to 
turn the conduit in the fittings. 

Another feature of these boxes is 
that it is impossible to lose the cover 
screws, as these are retained in the 
cover screw openings, although free to 
turn. In addition to the line of con- 
duit boxes there is also a complete line 
of threadless couplings and adaptors 
for use with standard steel knockout 


boxes. 
— 


Improved Flexible Coupling 


NNOUNCEMENT is made of the 
introduction of a line of improved 
Francke flexible couplings for motor, 
turbine and engine drives, by Smith & 
Serrell, 26 Washington Place, Newark, 
N. J. These couplings will be known 
as the bushed-pin type in which the 
steel pin units are held in bronze bush- 
ings but are free to slide within these 
bushings. 8 
This improved Francke coupling 
retains many of the features of the 
old, heavy pattern type and has sev- 
eral new features which, it is claimed, 
give more and easier movement, 
increased capacity, and longer life at 
all speeds. Steel flanges are used for 
the small and intermediate sizes. 
Graphited bronze bushings are used in 
size No. 850 and larger and bronze 
bushings in smaller sizes are remov- 
ably locked in one flange. The steel 
pin units are free to slide % in. within 
the bushings. It is claimed that in this 
way contact surfaces are more than 
doubled, a cylindrical surface is 
obtained, movement is between steel 
and bronze, and the graphited bushings 
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present a self-lubricating surface that 
retains its lubricating qualities. 

These couplings will be made in 21 
regular sizes, rating from 2/3 hp. per 
100 r.p.m., at 4,000 r.p.m. maximum, up 
to 3,850 hp. per 100 r.p.m., at 490 
r.p.m. maximum, and for shafts from 
% in. in diameter up to 13 in. in 
diameter. 


Combination Type Arc Welder 


EVELOPMENT of a welding out- 

fit which permits the use of both 

the continuous and the intermittent 
arc has been announced by the Elec- 
tric Welding Machine Co., 1530 E. 
Larned St., Detroit, Mich. It is claimed 


that with this combination unit the 
operator can obtain a continuous are, 
such as is supplied by the motor-gen- 
erator type of welder, for use in opera- 
tions on steel and metal that is heavy 
enough to withstand great heat with- 
out cracking, as well as an intermittent 
arc, which is claimed to have greater 
penetrating qualities but with localized 
heat which permits the welding of 
cast-iron, hard malleable, and chilled 
iron, without cracking the castings 
welded, and without the necessity of 
pre-heating. 

The units are known as the Weldrite 
electric welding machines. These 
machines are made for operation at 
any frequency and, if desired, for oper- 
ation at more than one frequency or 
voltage, for use in plants which have, 
say, 220 volts in one part and 440 
volts in another. 


New Hoist Controller 


NEW hoist-control unit, consist- 
ing of a reversing controller with 
rope-operated control master station, 
has been developed by the Monitor Con- 
troller Co., 500 E. Lombard St., Balti- 
more, Md. This unit is intended for 
use on traveling cranes, chain and rope 
hoists, or similar applications requiring 
a compact and substantial unit possess- 
ing desirable safety features. The 
equipment is of standardized design 
and is intended for operation on direct- 
current and on polyphase alternating- 
current motors that are thrown across 
the line for starting. 
The controller consists of two 
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enclosed-type, double-pole, mech ani- 
cally-interlocked contactors having gra- 
phite-to-copper contacts, blowout mag- 
nets and suitable barriers, all mounted 
on an 8-in. by 7-in. panel. The overall 
dimensions of the controller are 8 % in. 
by 10% in. by 6 in. deep. 

The control master is of the fully- 
enclosed, self-centering type and 
intended for rope operation. It is 
always in the “off” position, except 
when held forcibly by the operator in 
either “forward” or “reverse” position. 
Bosses cast on the station housing take 
the pull of the operating rope, and pro- 
tect the contacts from any mechanical 
damage. 


Power Demand Limitator 


NEW model of the Edmoore De- 

mand Limitator, which is an 
electrically-operated device for auto- 
matically controlling maximum de- 
mands and peak loads on electric power 
systems, has been brought out by 
Edward C. Moore, Consulting Engineer, 
500 Cahill Bldg., Syracuse, N. Y. This 
equipment automatically limits any 
unnecessary, unusual, or short-time 
power peak demands and is especially 
valuable where the charge for peaks 
drawn on “readiness to serve” is 
such a large fixed charge of the total 
power bill. 

This automatic device may be set 
for different peak demands at different 
hours of the day, so as not to conflict 
with central station peak power de- 
mands. It is connected in the power 
system to cut off certain loads auto- 
matically, either wholly or in part, for 
short periods of time, so as to keep 
the demand within the limit. 

The Senior Type, Model 1-A Lim- 
itator, shown in the accompanying 
illustration, has a wattmeter element 
which is connected to the current and 
potential transformers at the point 
where the power is metered on the con- 
sumer’s premises, and an electro- 
magnetic mechanism, which is actuated 
periodically, depending upon the period 
of the demand, by a set of contacts 
mounted in the standard totalizing 
watt-hour meter. It is stated that one 
installation used in connection with 
electric furnaces is saving $2,000 per 
month. 

These power limitators may be used 
to control pump loads, air compressor 
loads, refrigerating machinery loads, 
heating furnace loads, melting furnace 
loads, and so on. 
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Trade Literature 
That You Should Be Familiar With 


Copies of literature which is described on this page can be obtained by 


writing to the manufacturer whose name and 


ess are mentioned. It 


is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Action Recorder—A series of bulletins 
describe the use of the Service 
Recorder for recording the operating 
and idle time of machinery, yard 
locomotives, tractors, trucks, and so 
on.—The Service Recorder Co., Cleve- 
land, Ohio. 


Megohmer—Bulletin B describes the 
use of the Megohmer for measuring 
insulation resistance of motors, gen- 
erators, and other equipment.—Her- 
man H. Sticht & Co., 19 Park Row, 
New York City. 


Carbon Circuit Breakers — Circular 
1705-A describes the Type CL carbon 
circuit breaker which is designed 
especially for 250-volt industrial 
applications—Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 


Automatic Compensators—B ulletin 
1042-E describes the line of E. C. & M. 
automatic compensators for auto- 
matically starting push-button oper- 
ated, squirrel-cage induction motors. 
These are made in four standard 
sizes covering a wide range of motor 
sizes—The Electric Controller & 
Mfg. Co., Cleveland, Ohio. 


Portable Belt Conveyor—A group of 
folders describes a line of portable 
belt conveyors and self- feeding bucket 
loaders for handling, elevating, or 
loading loose material. —Barber- 
Greene Co., Aurora, III. 


Flexible Shaft Couplings—A circular 
describes the Bartlett flexible shaft 
coupling which allows for parallel 
misalignment, angular misalignment, 
and end float.— G. M. Bartlett, 2533 
College Ave., Indianapolis, Ind. 


Pulling Jack — A 16- page circular illus- 
trates a large number of uses of the 
Pullmco pulling jack which, it is 
claimed, does the work of lifting 
jacks, chain hoists, winches, blocks 
and tackle for moving heavy machin- 
ery and other weights up to 100 tons. 
It may be operated at six different 
speeds.—Puller Manufacturing Co., 
Inc., 600 W. 57th St., New York 
City, N. Y 

Wound-Rotor Induction Motors—Circu- 
lar GEA-5 covers the 500 Series of 
wound-rotor induction motors of 10 
to 150 hp. at 220, 440, 550 and 2,200 
volts, for constant or adjustable 
varying speed and the types of con- 
trol systems used therewith.—Gen- 
eral Electric Co., Schenectady, N. Y. 


Portable Hot-Job Fans—A_ circular 
describes the 24-in., 30-in. and 36-in. 
portable, man-cooling disk fans for 
cooling operators on hot jobs and for 
preventing hot air pockets.— B. F. 
la Co., Hyde Park, Boston, 

ass. 


Outdoor Insulating Tape—A circular 
describes and gives the advantages 
claimed for Hydro-proof tape in 
making splices. This tape is made 
of cotton sheeting which is coated 


with a sticky, hydro-carbon composi- 
tion containing no rubber and is 
claimed to be rainproof and also not 
to dry out when subjected to hot sun- 
shine.— Elkhart Rubber Works, Elk- 
hart, Ind. 


Acetylene Welding—A 16-page booklet 
entitled “Precautions and Safe Prac- 
tices” covers the care and operation 
of acetylene welding and cutting 
equipment and the handling of oxy- 
pon and acetylene, as recommended 

y the National Safety Council and 
the National Board of Fire Under- 
writers.—Oxweld Acetylene Co., 
Long Island City, N. Y. 


Self-Cooled Transformers — Bulletin 
2046 describes the Pittsburgh film- 
type radiator for self-cooled trans- 
formers. — Pittsburgh Transformer 
Co., Pittsburgh, Pa. 


Speed Recording and Indicating Instru- 
ments—Bulletin 725 describes and 
illustrates the Esterline-Angus speed 
recorder. This consists of a fully- 
enclosed, magneto-type generator, 
which generates a voltage directly 
proportional to the speed of rotation, 
and a direct-current recording volt- 
meter.— The Esterline-Angus Co., 
Indianapolis, Ind. 


Safety Set Collars—aA circular describes 
the Rex safety set collars, which are 
made from malleable iron in both 
solid or split types.—Chain Belt Co., 
Milwaukee, Wis. 


Exhaust Fans—Bulletin 8506 describes 
a line of steel-plate exhaust fans 
which are especially adapted for re- 
moving shavings, sawdust, dust from 
grinding and buffing wheels, for con- 
veying material, elevating cotton, 
wool, hemp, and grains, for the re- 
moval of smoke and fumes, and other 
similar purposes.—American Blower 
Co., Detroit, Mich. 


Twin Type Recorder—Form 925 shows 
the type of double record which may 
be made simultaneously on a single 
sheet by a Twin Type recorder.—The 
lami Co., Indianapolis, 

nd. 

Wiping Out—or Washing?—Folder 83 
under this heading discusses the value 
of the Thompson safety lowering 
switch for lighting fixtures—The 
Thompson Electric Co., 1438 W. 9th 
St., Cleveland, Ohio. 


Asphalt Paint—A circular describes the 
use of Valdura asphalt paint as a 
preservative. — American Asphalt 
Paint Co., 844 Rush St., Chicago, III. 


Metal-Insulated Ovens—A circular de- 
scribes the line of No-thru metal- 
insulated ovens for core baking, mold 
drying, japanning and other similar 
services. These ovens are made from 
standardized steel panels and parts 
which can be arranged so that the 
ovens can be made in increments of 
1 ft. in width up to 10 ft., in height 
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up to 10 ft., and of any depth. These 
may be heated by gas or oil or elec- 
tricity—The Northern Blower Co., 
W. 65th St. and Wheeling & Lake 
Erie R. R., Cleveland, Ohio. 


Pressure Regulators—Bulletin 200 A 


illustrates and describes the line of 
Standard Type R oxygen regulators 
and also regulators and gages for 
gas lines for welding outfits.— The 
Alexander Milburn Co., 1416-1428 W. 
Baltimore St., Baltimore, Md. 


Safety Hand Lamps and Hand Lan- 
terns—Folder 29 and Bulletin 2081 
illustrate and describe a number of 
types of safety hand lamps and hand 
lanterns for use around ammable 
gases, vapors and so on.—Crouse- 
Hinds Co., Syracuse, N. Y. 


Gravity Conveyors—Circulars describe 
a special type of ball-bearing roller 
conveyor which is constructed to 
stand up under all conditions and 
especially under heavy loads.— 
Standard Conveyor Co., North St. 
Paul, Minn. 


Welding and Cutting Equipment—Cat- 
alog 6 devotes 54 pages to listing 
and describing the various Smith’s 
welding and cutting apparatus and 
outfits, acetylene generating units 
and attachments and oil preheating 
torches.—Smith’s Inventions, Inc., 
0 a 4th St., S. E., Minneapolis, 

inn. 


Steel Belt—Circulars describe the use 
of Endural endless steel. belts for 
power transmission drives and for 
conveyors. These belts are made 
endless at the factory and are of 
light gage, rustless and stainless al- 

loy. It is claimed that the edge of 
the belt will not cut.—The Power 
Engineering Co., Youngstown, Ohio. 

Cutless Bearing—A circular describes 
the Goodrich cutless bearing which 
consists of a rubber-lined bearin 
with a helical internal groove throug 
which water is forced. No other 
lubricant is required. These bearings 
are used in very wet places, such as 
in paper mills.— The Goodrich Rub- 
ber Co., Akron, Ohio. 


Belt Shifters—A circular describes the 
Builders pull countershaft and Uni- 
versal belt shifters. With this device 
the belt is shifted either to tight or 
loose 3 by pulling a small rope. 
— Builders Iron Foundry, 9 Codding 
St., Providence, Rhode Island. 


Steel-Taped Cable -A 24-page booklet 
describes the construction, and gives 
specifications and other data about 
steel-taped parkway cable for under- 
ground transmission.—The Okonite 
Co., Passaic, N. J. 


Indicating and Recording Instruments 
—Catalog 44 describes Brown indi- 
cating and recording tachometers. 
Catalog 74 describes Brown record- 
ing pressure and vacuum gages.— 
The Brown Instrument Co., Phila- 
delphia, Pa. 

Leather Belting—A booklet entitled, 
“Pre-Tested Leather Belting,” dis- 
cusses what pre-tested leather belting 
means to the buyer of belting and 
gives some of the tests made.—Chi- 
cago Belting Co., 113-125 N. Green 
St., Chicago, III. 

Bus Supports and Disconnecting 
Switches — Bulletin B covers a line of 
indoor bus supports; Bulletin C, 
indoor disconnecting switches; and 
Bulletin D, outdoor bus supports. 
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This equipment is for use on lines 
operating at 7,500 to 132,000 volts.— 
The Champion Switch Co., 550 
Abbott Road, Buffalo, N. Y. 


Belt Fastener— A circular describes the 
Standard self-aligning belt fastener 
which has special nibs which fit into 
the belt in such a way as to align the 
fastener properly ready for riveting. 
5 Bourne-Fuller Co., Unionville, 

onn. 


Inductive Time Limit Controller Pub- 
lication C-24 illustrates and describes 
various installations of this controller 
which it is claimed eliminates the use 
of dashpots and other mechanical 
means for securing uniform accelera- 
tion.— The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 


Dust Arresters—A group of bulletins 
describe the Norblo dust arrester and 
dust collecting systems for foundries, 
pattern shops, woodworking mills and 
for use in connection with the pneu- 
matic conveying of materials.—The 
Northern Blower Co., W. 65th St. and 
Wheeling & Lake Erie R. R., Cleve- 
land, Ohio. 


Centrifugal Pumps— Bullen 201 de- 
scribes the single-stage, double-suc- 
tion centrifugal pump. Bulletin 202 
describes the single-stage, single- 
suction, heavy-duty centrifugal pump 
such as is used for handling pulp 
stock in paper mills and other similar 
lines.—Warren Steam Pump Co., 
Warren, Mass. 


Const ant-Speed D.C. Motors—Circular 
GEA-61 describes the Type CD, 40- 
deg., constant-speed, direct-current 
motors of 3 to 200 hp. rating, which 
are four-pole, shunt or compound 
wound, for 115, 230 or 550 volts, and 
the types of manual or magnetic con- 
trol used with them.—General Elec- 
tric Co., Schenectady, N. Y. 


Power Elevating Platform Trucks—A 
circular describes a light-weight, 
power-driven, elevating platform 
truck which uses only one motor for 
propelling and also for lifting the 
load. The truck platform is low and 
of a size which enables it to be used 
in connection with hand-lift truck 
skids. — Wright-Hibbard Industrial 
Electric Truck Co., Inc., Phelps, N. Y. 


Underground Cable Boxes —Circulars 
describe the Type C box which is 
submersion- proof and is designed for 
high-tension underground primaries. 
—The G. & W. Electric Specialty Co., 
7780 Dante Ave., Chicago, III. 


Air Compressor — A group of bulletins 
describes the Pennsylvania portable, 
semi- portable and stationary air com- 
pressors, vacuum pumps and after- 
coolers. These compressors may be 
belt or engine driven, or direct con- 
nected to electric motors.—Pennsyl- 
vania Pump & Compressor Co., 
Easton, Pa. 


Installation Tools —A circular describes 
four Jiffy tools for use in electrical 
installation work. These are: The 
Jiffy dipper, ceiling cutter, adjustable 
cutter and loom clamp.—Paul W. 
Koch & Co., 23 S. Wells St., Chicago. 


Oil Circuit Breakers—Circular 67448-A, 
Class 2, describes FK-1 and FK-12-B, 
single-, double-, triple-, or four-pole, 
single-throw oil circuit breakers for 
use where service is severe. All 
types are available for manual, sole- 
noid, or motor operation and may be 
either automatic or non-automatic. 
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These circuit breakers are made for 
4,500 volts, 1,500 amp., for 22,000 volt 
300 amp., and for 15,000 volts at 300, 
500 and 800 amp.—General Electric 
Co., Schenectady, N. Y. 


Easily Repairable Valve—aA circular de- 
scribes the Flatplug valve which is so 
designed that the cup and seat may 
be easily removed and replaced with 
spare parts and the worn parts re- 
ground.—Scully Steel & Iron Co., 
24th St. and Ashland Ave., Chicago. 


Automatic Shut-off Acetylene Torches 
—A circular describes the Rego auto- 
matic shut-off torch which saves gas 
by enabling the operator to shut off 
the torch and light it again instantly 
without readjusting the valve.—The 
Bastian-Blessing Co., 240 E. Ontario 
St., Chicago, III. 


Bearing Metal—A circular describes 
the advantages of Utility bearing 
metal for high-speed operation which, 
it is claimed, has a low coefficient of 
friction and can be heated to a 
cherry red without damage.—The 
Hill Pump Valve Co., 4601-27 Bel- 
mont Ave., Chicago, III. 


Automatic Speed Control—A 28-page, 
well illustrated bulletin, 108, de- 
scribes automatic equipment for the 
control of newspaper and magazine 
printing presses and paper calenders. 
—Monitor Controller Co., 500 E. 
Lombard St., Baltimore, Md. 


EMF Electrical Year Book Sold 
to McGraw-Hill Company 


C GRAW-HILL Company has pur- 

chased the EMF Electrical Year 
Book published by the Electrical 
Trade Publishing Co., Monadnock 
Block, Chicago. The 1926 edition, 
which will be out April 1, 1926, will 
be edited by the staff of the Electrical 
Trade Publishing Co. and sold by the 
staffs of both organizations. Head- 
quarters for the Year Book until com- 
pletion of the 1926 edition will be at 
the offices of the Electrical Trade Pub- 
lishing Co. in Chicago, but information 
and data may be secured from men of 
both organizations. 

This standard reference book will 
supplement the service of McGraw-Hill 
electrical publications by supplying the 
reference information needed by buyers 
and specifiers throughout the industry. 

Other McGraw-Hill reference publi- 
cations are, McGraw Central Station 
Directory, McGraw Electric Railway 
Directory and The Radio Trade Direc- 
tory. It is planned to extend the di- 
rectory and list services into other in- 
dustries now served by McGraw-Hill 
publications. 

Robert Wolfers has joined the 
McGraw-Hill Company and will be in 
charge of directories, lists and a direct- 
mail department which is being devel- 
oped to serve McGraw-Hill advertisers. 

Mr. Wolfers was formerly connected 
with The Automobile Trade Directory 
and Chilton Automobile Directory. 

Mr. J. S. Cortelyou who has for the 
past year been devoting his time to 
The Radio Trade Directory will in the 
future direct the compilation of all 
McGraw-Hill directories and lists. Mr. 
Cortelyou was associated for many 
years with Mr. Wolfers in the auto- 
motive directory business. 
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Re-Entrancy in Lap 
and Wave Windings 


(Continued from page 583) 


lead pitch is an odd number (9). 
The series of coils starts on bar 1 
and goes through coil A to bar 10, 
coil J, to bar 19, or two behind the 
bar started on. Following the wind- 
ing out we will encircle the arma- 
ture twice and end up on bar 1 after 
passing through all of the coils. 
Thus we have two windings that are 
interconnected, and singly re-entrant 
as can be seen. 

From the above and a study of 
Figs. 3 and 4 we can derive the fol- 
lowing rules that apply to duplex 
wave windings: 

(1) The total number of bars for a 
4-pole winding must be divisible by 2; 
for a six-pole winding, the number of 
bars + 2 must be divisible by 3; for 
eight poles the number of bars = 2 
must be divisible by 4, ete. 

(2) The winding will be progressive 
when the plus sign is used, and retro- 
gressive when the minus sign is used. 

(3) A 4-pole winding can be either 
progressive or retrogressive, but for 
six, eight, ten poles, and so on, the 


plus or minus sign will be the deciding 
factor. 


In all cases, regardless of the 
number of poles, the winding will 
be singly re-entrant when the lead 
pitch expressed in bars is an odd 
number, as 9, 11, 13, etc. The wind- 
ing will be doubly re-entrant when 
the lead pitch, in bars, is an even 
number, as 8, 10, 12, etc. 

From the above it follows that a 
singly re-entrant winding is one in 
which all of the coils are passed 
through in regular sequence before 
the winding closes on itself, and a 
doubly re-entrant winding is one in 
which the winding closes on itself 
after passing through one half the 
coils, as may be noted in this case, 
thus forming two separate windings 
which are not interconnected in any 
way. 

In taking rewinding data for du- 
plex wave windings the winder can 
determine whether the winding is 
progressive or retrogressive by se- 
lecting any one top lead and lifting 
two top leads on either side of this 
lead bar. Then with one test lead 
on the data lead bar, try for a light 
on bars 1 and 8, to the right or left. 
If the third bar to the right lights 
out, the winding is progressive. If 
the third bar to the left lights out, 
the winding is retrogressive. By 
checking the lead pitch in bars, the 
re-entrancy of the winding can also 
be determined without difficulty as 
already explained. 


Contents for December, 1925 


INDUSTRIAL ENGINEER 


Devoted to the Maintenance and t 
Electrical and Associated Mechanical Systems in Mills and Factories 
SSS a I, a NEEE 


Founded in 1882 as Electrical Review 


with which was consolidated Western Electricien 
G. A. VAN BRUNT, Menaging Editor 


Volume 83 


Number 12 


Are You a Bloodhound or a Setter? 
Using Oils and Greases for Industrial Lubrication 


In this article, which is the first of a series, oils and greases 
are discussed from the standpoints of what they are, how 
they are prepared and factors that infiuence their selection 
and application. 


Using a Graphic Meter for Setting Overload 
Relays 


G. A. Sharland describes how a 8 ammeter is used by 
the Minnesota By-Produets Coke Co., in setting overload 
and accelerating relays on motor controllers. 


Some of the Maintenance Problems in the Small 
Plant 


Maurice C. Cockshott discusses e that have a par 
ticular bearing on production and gives suggestions on how 
they may be solved with a small organization. 


Reducing Heat Loss from Electric Baking Ovens 


C. D. Corwin tells how a saving of $2,200 a year was made 
by reinsulating four anon baking ovens in the plant of the 
orona Typewriter Co. 


Practical Advice on Brush and Commutator 


Maintenance 


E. S. Howe discusses some of the more important factors 
that influence commutation, with the causes of trouble and 
the remedies therefor. 


What Re-Entrancy Means in Lap and Wave 
Windings 
A. C. Roe gives some examples and simple rules governing 


the relations and principles involved in connecting singly 
and doubly re-entrant windings. 


Editorials 584 

Questions Asked and Power Drives 
Answered 986 | In the Repair Shop 

Electrical Service Around New Equipment 
the Works 594 | Trade Literature 


Advertising Index—Alphahbetical, 92; Classified, 86 
Maintenance Service, 39; Searchlight Section, 84 


557 
558 


564 


567 


573 


575 


582 


Mechanical Maintenance of 


597 
599 
601 
603 


A New Service 


Given to Our Readers 


[* RESPONSE to many requests, a New 
Equipment section has been added to 
the editorial pages of INDUSTRIAL 
ENGINEER. In this section, which will be 
found on page 601 of this issue, there will 
be presented descriptions and illustrations 
of new equipment which is of interest to 
our readers. 


This new form of service is in addition 
to the Trade Literature section, which will 
be conducted as heretofore, and in which 
a brief description is given of all new cata- 
logs and literature covering equipment of 
interest to industrial plant men. 


Editorially, INDUSTRIAL ENGINEER is 
wrapped around the thinking and the prac- 
tical details of the problems encountered by 
those who bear the responsibility of select- 
ing, installing, operating and maintaining 
the electrical and mechanical equipment in 
mills and factories, regardless of the prod- 
uct made. It is the function of INDUSTRIAL 
ENGINEER to help and serve these men in 
every possible way to solve the many per- 
plexing problems which come up in their 
work, day after day. 


To this end the Editors will heartily wel- 
come any suggestions or comments which 
readers may care to make regarding sub- 
jects for articles, special features, or any 
other form of service that would be inter- 
esting and helpful to them in a practical 
way.— Managing Editor. 
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“Listen, young man— you've 
got to have a darn strong slide 
rail, so make it of good heavy 
cast iron. We've always done 
it that way—so we must be 
right“ 
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No, Pop 


that was a pretty good slide 
rail, but “pretty good” is the damn- 
ing thing in motor manufacture. 
Mediocrity is a crime in these high 
pressure days. 


Let me sketch out for you how to 
BUILD (see Webster) a slide rail— 
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You take a piece of angle steel— 


and you put it together— 


and by this highly developed process known as STABLE- 
ARC welding you have a solid piece of angle steel that, 
compared with your cast iron, is— 


5 times as strong in tension 
Twice as strong in stiffness 
One-third the cost per pound @ 


Let’s put the money we save on this into higher cost insula- 
tion, so that we'll have it on competition without cost to the 
motor buyer. 


You’ve been too much sof on castings for everything. Get 
the bulletin from Lincoln Electric showing how many 
thousands of articles have been, or can be, made cheaper, 
stronger and better by the stable arc process—the Linc-Weld 
motor being an outstanding example. 


The Lincoln Electric Co. 


Cleveland, Ohio 


Illustrated 
answers 


Realizing that the news value of the new 
Process motor, as well as the process by 


which it is constructed, will naturally ` 


bring up many questions—two very com- 
pletely illustrated volumes have been 
prepared thoroughly covering the subjects: 


These books are in envelopes ready to 
be sent by return mail to all persons 
requesting them. 


For your convenience in getting your 
copies —simply pencil in your address on 
the coupon below. 
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When railroad trains clank over the rail joints, the 1 
spring suspension of the heavy car bodies takes up SO 
: the shock—protects trucks, track and freight from a S 
danger—safeguards passengers and crew from dis- „ 
comfort and danger. . E. 
And when the CONDIT D-17 Oil Circuit Breaker 1 oe 
opens a high power circuit it’s the spring suspension r 


» 

1 

EA 
* 


of its tank construction that takes up the impact of 
expanding gases protects the breaker from impair- 
ment safeguards life and property, and the service 
of your plant, from possible hazard. Get Advance 
Bulletin No. 4453. 


CONDIT ELECTRICAL MFG. CORP. 


Manufacturers of Electrical Protective Devices i a 
Boston, Mass > EN 
2 Ne ae 
ae Se 
Sole Distributor for the Dominion of Canada ree aoe 
meri n 
. x 8 


SPECIFICATIONS: 1, 2, 3 and 4 Pole; Manually and Electricaliy Upciaccu, up to 1,600 Amperes, 7500 Volts; 1,200 A j 
15,000 Volts; 600 Amperes, 25,000 Volts. Interrupting capacity, 6,000 Amperes at 15,000 1 N 2 mperes 


z, .... ? 


.,, , d pp, pp ?̃!7 ¾ d EE": 


VVV 


/ / v ¶ C TEE MAZE EHH." 


December, 1925 


ENGIN 


The new narrow center 


Hyatt Line Shaft Box 
stocked by these dealers 


Arkansas—Hollis & Co., Little Rock. 


California—Shaw-Palmer-Bakewell Co., Los 
Angeles. 

Connecticut—L. L. Ensworth & Sons Co., 
Hartford. 


C. S. Mersick & Co., New Haven. 
Hotchkiss & Co., Waterbury. 


Georgia—The Grinnell Co., Atlanta. 
Illinois R. R. Street & Co., Inc., Chicago. 
Indiana Evansville Supply Co., Evansville. 
Vonnegut Machinery Co., Indianapolis. 
lowa—lowa Machinery & Supply Co., Des 
Moines. 
Kentucky—E. D. Morton & Co., Louisville. 
Louisiana—R. J. Tricon Co., New Orleans. 
Maine—Simpeon Harding Co., Waterville. 


Maryland—L. A. Benson Co., Inc., Baltimore. 
Foltz Mfg. & Supply Co., Hagerstown. 


Massachusetts—Lewis E. Tracy Co., Boston. 
Olmsted-Flint Co., Cambridge. 
Pabbi Steam Specialty Co., New Bed- 


W. J. Foss Co., Springfield. 
F. I. Webster, Turners Falls. 
G & N Machine Co., Worcester 


Michigan—Palmer-Bee Co., Detroit. 
8 Machinery Co., Minne- 


Missouri English Bros. Mach. Co., Kansas City. 
See Mach. & Supply Co., 


New Jersey—The Lincoln Products Corp., 
Neola Bog i 
ew Jersey Supply Co., Passaic. 
Manufacturers’ Sellin Selling Co, T Trenton. 
New York—Peerless Mill 55 Co., Buffalo. 
J; P. Jones, Binghamton. 
Horton Machine Works, Elmira. 
Clark Hardware Co., Jamestown. 
W. L. Smith, Newburg. 
Albert H. Robbins, New York City. 
Tiffany Machine Shop Co., Poughkeepsie. 
Barr & Creelman Mill & Plumbing Sup- 
ply Co., Rochester. 
Syracuse Supply Co., Syracuse. 
Troy Belting & Supply Co., Troy. 
North ee Supply Co., Char- 
otte 
Ohio Wm. S. Yohe Supply Co., Canton. 
Mechanical Supplies Co., Cincinnati. 


9 Carlisle & Hammond Co., Cleve- 


Ross Willoughby Co., Columbus. 
M. D. Larkin Supply Co., Dayton. 
M. I. Wilcox Co., Toledo. 


Oregon—Link Belt Co., Portland. 
Pacific States Rubber Co., Portland. 


Penney sinua H. P. Weller Supply Co., 


e. 
James Yocum & Son, Inc., Philadelphia. 
Tranter Mfg. Co., Pittsburgh. 

Bright & Co., Paang 

Valley Iron Works, Williamsport. 


Rhode Island—New England Sales Co., Inc., 
Providence. 


Tennessee—Tennessee Mill & Mine Supply 
Co., Knoxville. 


Texas—Hardwicke-Etter Co., Sherman. 
Virginia—James McGraw, Inc., Richmond. 
Washington—Brinkley Co., Seattle. 
Wisconsin—C. A. Biebler, Milwaukee. 
Canada—Canadian Fairbanks-Morse Co., Cal- 


Barty. Alberta. 

adian Fairbanks-Morse Co., Vic- 
toria, B. C. 

A. R. Williams, Halifax, N. S. 
Canadian Fairbanks Morse Co., Hamil- 
ton, Ontario. 

Canadian Fairbanks Morse Co., Mon- 


treal, Quebec 
Williams & Wilson, Ltd., Montreal, 


Quebec. 
A. R. Williams, Montreal, Quebec. 
anon Fairbanks-Morse Co., Ottawa, 


Ontar 

Canadian Fairbanks-Morse Co., St. Cath- 
erines, P. E. I. 

A. R. Williams, St. John, N. B. 
Canadian Fairbanks. Morse Co., To- 
ronto, Ontario. 

H. W. Petrie, Ltd., Toronto, Ontario. 
A. R. Williams Machinery & Supply 
Co., Toronto, Ontario. 

Canadian 5 Co., Wind- 
sor, Ontari 

J. T. Wing. Ltd., Windsor, Ontario. 
Canadian Fairbanks-Morse Co., Winni- 
peg, Manitoba. 


Japan—T. Fukahara Shoten, Osaka 
England—Hyatt Limited, London. 


HYATT 


ROLLER BEARINGS 


The NEW Hyatt line shaft box fits 
all makes of hangers. Being SPLIT, its 
installation does not require disturbing 
pulleys and other shafting equipment: 
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Broken pillow block of cast iron 
Ammonia Compressor at the Amer- 
ican Trona Corp., Trona, Calif. 
repaired with a G-E Arc Welder and 
G-E Welding Electrode. 


G-E Arc Welders Save 
Costly Delays and New Parts 


An eight-foot crack—but G-E arc welding repaired it. 
The job took hours, instead of days or weeks, as 
would be the case if a new pillow block had to be 
secured and installed. And, when mended, the weld 
possessed greater strength than the compressor body. 


Arc welding for repairs and emergency construction 
work eliminates costly delays and prevents dangerous 
risks. That corroded or worn place on boiler, retort, or 
pressure vessel can be patched immediately; leaking 
joints or cracked seams can be mended; a caulking, 
leak-proof deposit can be welded along the edge of 
riveted seams. 


Speed and Simplicity are favorite characteristics of the 
G-E Arc Welder. Current is adjusted to suit the work 
by simply turning a hand-wheel. A reactor automati- 


The G-E line of Arc Welders 


includes types for all purposes. cally steadies the arc. There are many to testify that 
If you have standardized x : 

e ee sorie in Jonii oF a G-E Arc Welder soon pays for itself. 

building up surfaces, investi- . 1 28 

gate the G-E Automatic. It is The Welding Specialist in your nearest G-E office can 
the most economical, most A 

efficient method. advise you. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL PRINCIPAL CITIES 
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A new home for B-B Brushes 
and better service for users 


The long wearing, non-heating, non-scoring Boxill- 
Bruel Carbon Brush will hereafter be made in our 
new plant at North Bend, Ohio. This move from 
Indianapolis gives us better manufacturing facilities, 
which will reflect in the improved service, quality, 
and lower costs to all. 


If your carbon brushes are giving you any cause for 
dissatisfaction, send for samples of Boxill-Bruel 
Brushes, together with data sheet and catalog. You 
will be agreeably surprised at the results you will 
obtain from our brushes. 


BOXILL-BRUEL CARBON CO. 


NORTH BEND, OHIO 


(Cincinnati is near us) 
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Through the scale of industry 


Lycos 


A series of advertisements showing the wide 
range of application of Tycos Instruments 
throughout the field of modern industry. TEXTILES 
s 
Precision the Keynote of 
Chemical Manuf 
emic anufacturers 005 
d d ] J C ] PRODUCTS 
Where physical and chemical purity of product is vital to 
successful marketing, rule of thumb” methods have long 
since given way to technology in process control. PETROLEUM 
Here as in practically every other field of modern industry AND OILS 
Tycos Instruments,—Indicating, Recording and Controlling 
—take a master hand in the supervision of both manufac- 
turing and laboratory processes. 
From among the 3000 or more types of instruments listed 
in the Tycos Catalogs can be selected equipment for practi- SOAPS 
cally any application; Tycos Viscosimeters, Flash and Fire 
Testing Apparatus, Saccharimeters and Colorimeters; Tycos 
Temperature and Pressure Regulators, Hygrometers, Hy- 
drometers, and Vacuum Gauges,—special and standard 
types to meet every possible requirement. 
Specific information of course can only be given with a full GAS 
knowledge of individual requirements. Consult us. PLANTS 
Taylor Instrument Companies 
Rochester, N. Y., U. S. A. 
Canadian Plant FERTILIZERS 
Tycos Bldg., 110 Church St., Toronto 
Mfg. Distributors in Great Britain 
Short & Mason, Ltd., London 
Tycos Thermometers 
Fos Hydrometers 
Fos Automatic Temperature FOUNDRIES 
Control 
Tycos Viscosimeters 
Laboratory Equipment 
me É EXPLOSIVES 
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Solving — 
another power and light problem 
Ree speeds up tne work at the cutting tables 


in the clothing industry because the cords 
carrying the current to the cutters do not drag the 
fabrics and are always clean and without kinks. 


Reelite permits a far greater range of usefulness for 
portable tools, lights, etc., as the reel holds more cord 
than is practicable otherwise. 


Instantaneous, smooth return of cord—out of the way 
when not in use. Your factory can use Reelite 
profitably. Write for information to the 


The Reelite shown here is similar 

to Reelite No. 1524 equipped with 

APPLETON ELECTRIC COMPANY 24 ft. No. 18-2 conductor Junior 
Super- service cord. Spring tension 

1718 Wellington Avenue very light, cord stop also very light, 

CHICAGO. U. S. A. being made of fibre. Outlet box 

NEW YORK i LOS ANGELES cover of the swivel type gives even 

265 Canal Street 340 Azusa Street greater freedom of action to the cord 


Reelite ¿ 


U. 8. PAT. OFF. 


Carries Current Where Needed 


* 
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HUBBELL | 


CA stronger cap 

withanew 
adjustable~ 
clamp feature 


Completely steel-armored. Adjustable 
clamp feature permits adjustment of clamp 
to accommodate cords of various sizes. 


Takes the strain off the binding posts. Pre- 
vents plug cap breakage. 


For motors, electric appliances, portable 
electric machinery, trouble lamps, Bell sig- 
nal systems, grounding systems, portable 
telephones, and many other purposes. 


Ask your electrical supply house for com- 
plete information and prices. 


Two-wire 


HARVEY HUBBELL 


ELECTRICAL WIRING DEVIC 
GEPORT CONN. U.S.A 
igs 3 N. v. CHICAGO. ILL. 


No. 7055 
Three-wire 


ELECTRICAL WIRING DEVICES w 
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American Steel s.Wire 


Company 
VARNISHED CAMBRIC CABLE 


ROM the west windows 

of our New York offices 
you get a full view of the 
beautiful New York Tele- 
phone Building. 


The fact that a product of 
the American Steel & Wire 
Company is used in this 
building makes the outlook 
unusually interesting. 


Varnished Cambric 
Cable, the product used to 
a considerable extent, was 
selected after careful con- 
sideration and upon the 
recommendation of many 
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users. In the process of se- 
lecting a cable, the contrac- 
tors received our heartiest 
co-operation. 


The price of Varnished 
Cambric Cable is always 
right. We invite your in- 
quiry for prices on any 
quantity, forany voltage and 
for any service condition. 


Catalog on request 
MADE BY 


AMERICAN STEEL & WIRE COMPANY 


ICAGO, NEWYORK, BOSTON 


CH 
BIRMINGHAM, DALLAS, DENVER, SALT LAKE city 


U.S. STEEL PRODUCTS CO.: SAN FRANCISCO, 
LOS ANGELES, PORTLAND, SEATTLE 
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MAS Conduits, Cables, and Fittings, for 
safe, permanent and trouble-free electrical 
wiring is the sole business of the National 
Metal Molding Company. Five of the products 
are fully and completely described in these 
booklets. Send for them. 


ECONOMY Black Enameled Rigid Conduit, 
protected by double-dipped, acid- 
resisting coating of enamel—baked 
on. 

FLEXTUBE Non-metallic, solid-wall Conduit. 
Never kinks! Bend it, jerk it, 
twist it, easily works back into 
shape again. The soap-stoned in- 
terior makes fishing easy. 


FLEXSTEEL Flexible Metallic Conduit, pliant 
as a rope of woven steel! De- 
signed to withstand weather and 
moisture. Of great flexibility and 
permanence. Full line of sizes. 


OVALFLEX A Flat Armored Cable only 5/16” 
thick. Bends edgewise and flat- 
wise. Lay it on brick, tile or con- 
crete without cutting or chipping 
and plaster right over it. 

NATIONAL Designed so that wires can be at- 

BRACKETS tached or threaded and built to 
withstand excessive strain. 


Easy Bending. Creat 
* and — 


Flexsteel 
Flexible Metallic Conduit 


National Metal Molding Company 
FULTON BUILDING 
Te PITTSBURGH, PA. T 


Represented in All Principal Cities (x46 


National Metal Molding Company 
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A single set screw adjusts the 
J-3052 Starter after installation 
to give desired rate of accelera- 
tion on every job. 


The hand lever of the H-1852 
Semi-Automatic Starter gives 

operator complete control 
over the acceleration of squir- 
rel-cage motors. 


The J-1552 Across-the-Line 
Starter provides protection and 
convenience in starting. 


AB 


Violent Starting Destro 


ys 
Belts and Bearings 


E scientific selection of starters to fit ma- 
chines rather than merely in accordance with 
motor ratings, reduces the wear and tear on belts 
and machinery. Accurate adjustment of starters 
after installation materially aids in securing eco- 
nomical and efficient performance. 


Allen-Bradley Resistance Starters are easily ad- 
justed to fit machines after installation. They 
provide smooth, gradual acceleration, which is 
not possible with compensators. They afford 
protection against overload, low-voltage, etc. 
They cost less than compensators. 


Allen-Bradley Resistance Starters are revolution- 
izing motor starting. You should know about 
them. Mail the coupon! 


Alen. B 


Baltimore Cincinnati Detroit New York Saint Louis 

on yo 
ston ve 6 es elp 
Mule ogee Pittsburgh Seattle 


Buffalo Denver 


"4 


ote tt | | | dP dtr] Ph] df dy tft ff | 
ALLEN-BRADLEY COMPANY, General Offices 
491 Clinton Street, Milwaukee, Wisconsin 


Gentlemen: 


A course I want to know about the most 
effective m or starting squirrel-cage motors. 
Please forward your catalog. 
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© konite 
Tapes 


Splice once and for all 


WHY waste time and money trying to make perma- 
nent joints with inferior tapes? 


With OKONITE TAPES you make splices once and for all which will be 
as strong electrically and as long-lived as the insulation on the wire itself. 


Ask about OKONITE TAPE, the rubber insulating tape made with the 
same high grade rubber, compounding ingredients, and care that 
characterizes OKONITE insulation. 


MANSON ‘TAPE, the rubber filled cloth tape for the Mechanical pro- 
tection of joints, is unequalled in weathering quality and supreme for 
any service where the best is the first consideration. 


DUNDEE “A” and “B” TAPES, the next best friction tapes on the market, 
are suitable where conditions do not warrant the extra expense of Manson, 


Write to our nearest Office for Samples and Booklet 
The Okonite Company 
The Okonite-Callender Cable Company, Inc. 


Factories, Passaic, N. J. PATERSON, N. J. 
Sales Offices: New York Chicago Pittsburgh. St. Louis 
Atlanta Birmingham San Francisco Los Angeles 
F. D. Lawrence Electric Co., Cincinnati, O. 
Novelty Electric Co., Phila., Pa. Pettingell-Andrews Co., Boston, Mass. 
Canadian Representalives: Engineering Materials Limited, Montreal 
Cuban Representatives: Victor G. Mendoza Co., Havana 
Tea —— dj 
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Somewhere in Your Plant — 


Somewhere in your plant there is a coupling which is not giving all the power 
it should, which is wearing prematurely or which is constantly breaking. ‘The 
Falk-Bibby Coupling has shown remarkable efficiency under even the most try- 


ing conditions and, because of its perfect lubrication, is practically free from 
wear. 


The greater the shocks, the more irregular the load, the more frequent the vibra- 
tion, the more this coupling demonstrates its great superiority. 


Write to us for information. 


The Falk Corporation, Milwaukee 


Representatives Bulletins FREE on Request 

New York City—M. P. Fillingham, 50 Church Street : 
Pittsburgh—W. O. Beyer, 1007 Park Bldg. No. 31— Falle Herringbone Gears 

ilkes-Barre—Vulcan Iron Wor : 
Detroit—Chas. C. Walsh, Real Estate Exchange Bldg. No. 32—Large Gear Units 
Birmingham—General Machinery Co., Brown Marx Bldg. No. 38—Small speed reducers 
E. Pes Mine & Smelter Supply C 

Paso Mine melter Supply Co. -Ri j 
Salt Lake City No. 35— Falk Bibby Flexible 
San Francisco—E. C. Myers, 320 Rialto Bldg. Couplings 


FALK 
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Shutdowns are holdups | pur 


and capacity 
to serve you 
in NINE ways 


IKE the sneaking bandit who, posing as the 
paymaster’s guard, treacherously seizes the 
payroll, so inferior fuses, through failure to pro- 
tect the circuits they are supposed to safeguard, 
hold up production and often necessitate direct 
expense far greater than would have been the 
cost of using dependable NOARK Fuses. 


NOARK Fuses protect and promote produc- 
tion, safeguard motors and lighting circuits, 
insure freedom from overload hazards, never ES: 
blowing prematurely. They blow when —and NOARK Underground Bores 
only when—the circuit is menaced with real 5 
danger. That is why NOARK Fuses are known — 

as the fuses that blow “on the dot.” And because 5 
of that dependable, accurate operation, NOARK 6 
Fuses are the safest and least expensive fuses E 

you can use. Wi 


The Johns -Pratt Company | = as 


eer HARTFORD, CONNECTICUT, U.S. A. 


TRADE MARK 


Division of Colt's Patent Fire Arms Mfg. Company 


e i Avice 
i ` BOSTON NEW YORK CHICAGO SAN FRANCISCO JP 
no. vu. s. PAT.OFF. Export Department, 30 Church Street, New York, N.Y., U.S.A. REG. vu. a. FAT. Orr. 
2520-4 


Ok, 
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} | ‘HIS one word means more to you in terms of power 
savings, satisfactory, continuous operation and long 
life than volumes of technical description. 


Dodge engineers have placed their unqualified approval 
on the Timken Tapered Roller Bearing as incorporated 
in Dodge-Timken Industrial applications because long 
and severe tests have proved its ability to 
stand up undercontinuous punishment. 


he 
4 
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. The Dodge -Timken 
oller Bearing Unit 

| Mounting applied to 
eida Steel Tight 


and Loose Pulleys 


Laer 


ae. 


The Dodge Ball and 
cket Drop Hanger 
with Dodge -Timken 
Roller Hanger 
Bearing 


Fa 
Dodge-Timken Unit . An) 
Mountings as applied to 
the Yates 281 Rip Sa- 


The Dodge-Timken Ball and Socket 
Roller Bearing Pillow Block 


POWER TRANSMITTING ~ ELEVATING ~ CONVEYING & SPECIAL MACHINERY 


— — Se ee 
ee 


— Oe 
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Applying the Roller Bearing to 
INDUSTRIAL DEMANDS 


‘THE endorsement of the Timken 

Tapered Roller Bearing for indus- 
trial applications by Dodge engineers 
followed the result of years of study 
of various types of low friction bear- 
ings under the severe conditions 
imposed by power transmitting and 
industrial service. 


The Dodge-Timken Roller Hanger 
Bearing, which has proved every 
original claim in America’s leading 
un industrial plants, was 
2 jollowed by the Dodge- 
Fon we | ij) Timken Roller Bear- 


apse 


ing Pillow Block and 


Send for fi 
this complete’ 
catalogue 


CONVEYING AND SPECIAL MACHINERY 


the Dodge-Timken Tight and Loose 


Pulley. 


The Dodge-Timken Standardized 
Unit Mountings for built-in appli- 
cations to duplicate machinery is a 
further logical step in the develop- 
ment of a complete line of standard- 
ized low friction industrial bearings. 
The unit mounting permits the use 
of Timken Tapered Roller Bearings 
in duplicate machinery at a minimum 
engineering and production cost. 

Every Dodge-Timken product is characterized 


by the ruggedness that means continuous power 
savings, trouble-free operation and long life. 


MISHAWAKA, INDIANA 


Branches: Boston New York Newark 

Oneida Philadelphia Pittsburgh Cincinnati 

Chicago St. Louis Minneapolis Seattle 
San Francisco Houston Atlanta 


æ //| DODGE MANUFACTURING CORPORATION 


at 
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i * . 1 4 5 2 ër. Fi i i 
L07 o o l Dodge-Timken Rollern 
‘ 3 Hakker pearing: 1 X 2 4 ‘ 
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ELECTRICAL HEAT IN ITS MOST ADAPTABLE FORM 2 


Improved design and construction 
throughout make the new C-H 
Space Heater à better heating unit. 

Simpler provision has been devised 
for installation and the resistance 
coil is filled with and embedded 
in a new 1 material which 


provides for better insulation of 
the element and quicker radiation 


of the heat. 


CUTLER-HAMMER 


Now—A Better Sp 0 
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new Space Heaters. 


OO 


List price 
Eastofthe 
Rockies 


JPACE heaters are the ideal solution for hundreds of 
different heating problems their convenience, adapt- 
ability, and heating efficiency are ever widening their 
field of usefulness. 


Now, Cutler-Hammefengineers have designed an im- 
proved space heater to meet this growing demand—im- 
proved in design and heating efficiency, and lower in price! 


Just two feet long and easily installed, 
C-H Space Heaters put the heat just 
where it’s wanted, in just the quantity 
that's wanted—for they may be used 
singly, in pairs or in groups, as required. 
Wherever clean, safe heat is needed — 
in crane cabs, watchman’s houses sump 
pits, exposed rooms, drying and japan- 
ning ovens, detached buildings — C-H 
Space Heaters are the most practical and 
economical to use. They are ideal for 
foot warmers, and for innumerable 
otherapplications. Usersare discovering 
new applications every day. 

One hundred and twenty-five typical applications of space heaters 


have been worked into a little booklet Dictionary of Uses’’. Every 
man in industry will find it profitable reading. Send for your copy today. 


THE CUTLER-HAMMER MFG. CO. 


W orks: Milwaukee and New York 


Branch Offices: 
Boston: 52 Chauncy Street 
Detroit: 506 Hofman Building 
St. Louis: 2111 Railway BIdg. 
Philadelphia: Comtnonwealth Building Buffalo: 358 Ellicott Square Building 
Cleveland: Guardian Building Milwaukee: a Grand Avenue 
Cincinnati: Dixie Terminal Buildi 
Inquiries from tine Pacitic Coast may be Tread to the 
H. B. Squires Co., Los Angeles, San Francisco, Portland, Seattle 


Norther Electric Co., Ltd., Canada 


New York: 8 West ae a Street 
Chicago: 323 North Michigan Avenue 
urgh: Century Buildin 


21 
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The C-H trademark has been 
a guarantee of satisfaction for 
more than a quarter ofa 
century. Look for it on your 
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Both illustrations show 
Super Service Welding 
Cable at the Albany 
Welding, Boiler and 
Machine Shop. 


[Vw “we. 
e 
% „ 


Vulcanized in steel 
molds under tons of 
pressure it withstands 
all kinds of abuse. 


6 
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“Far Superior 


SERVICE 


to other types 


of rubber sheathed cables” 


E have used it on all manner 

of jobs such as welding steel 
tanks, steamboat boilers, and various 
emergency jobs. I am pleased to say 
that today the cable is in perfect con- 
dition, and apparently good for some 
years to come. 

The braided cables which we for- 
merly used are not to be compared 
with your special Super ServiceWelding 
Cable, and we also find this product 
far superior to other types of rubber 
sheathed cables which we have used.“ 


This statement is taken from a 
letter from Mr. Ray Gaul, president 
of the Albany Welding, Boiler and 
Machine Shop, after his Super Service 
Welding Cable had been in use for 
three years. 

You can’t beat Super Service for 
wear, and its extreme flexibility elim- 
inates the need for splicing on a sepa- 
rate length of wire for the electrode 
holder. 

If you have never used Super Ser- 
vice get a length today and try it out. 


ROME WIRE COMPANY 
Mills and Executive Offices: Rome, N. Y. 
Diamond Branch: Buffalo, N. Y. 


New York—50 Church Street 
Detroit—25 Parsons Street 


Boston— Little Building 


Chicago— 14 E. Jackson Blvd. 
2 1200 West 9th Street 


Los Angeles—J. G. Pomeroy, Inc., 336 Azusa Street 
San Francisco—J. G. Pomeroy, Inc., 51 Federal Street 


CuPER SERVICE 
CORDS and CABLES 


A ROME WIRE PRODUCT 
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The BEST Obtainable 


Electrical Protection at 
the Lowest Operating Cost 


The Underwriters label of approval and 
the confirmation of thousands and thou- 
sands of actual fuse users through all of 
North America are your warranty of Elec- 
trical Protection. 


The few parts and the neat Gad of their 

design make ease and speed of renewal 

instantly apparent. That same simplicity 
of design insures long life. 


Note the cap used on the ferrulecon- 
tact type BUSS Renewable Fuse. 


It is full length. Perfect contact with the clips is 
thereby assured. No chance for varying diameters 
of the contact parts. 


It is held against rotation by the clips. Vibra- 
tion can’t loosen and cause poor contact. 


The inside projection, just the width of the 

strip is ground even and smooth. It bears only 

on the link. Nochance here for foreign matter 
to prevent good contact. 


The recess in the cap takes upall metallic 
vapor or molten metal expelled on a heavy 
Sock Contact points are thus protected 
and freezing or sticking of the caps a- 
voided. No chance here either for 
poor contact on the next renewal. 


Examine a BUSS renewable fuse. 
Every part has been designed to 
serve a particular and useful 
purpose. Every useless part 

has been eliminated. That's 

why BUSS Renewable 

Fuses give the best ob- 

tainable Electrical 

Protection at the 

lowest operating cost. 


si Send for a Sample 
oe a USS FUSES 
Here’s what the a ——— 
5 0 N d 5 APPROVED IN ALL 


Cloth in the World e — “Se TYPES AND SIZES 


says about BUSS 
Renewable Fuses. 


RT OSTA on BUSS FUSES 
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Monitor Edgewound Resistors are made of ribbon 
of zero temperature coefficient of resistivity and 
each convolution is individually supported at two 
points. On basis of air temperature permitted by 
the Underwriters, these units will dissipate 60 
watts per inch of length. 


A new principle 


l 2 5 Pa 5 f t ilat i 


H is dissipated from Monitor Edgewound 

Resistors so evenly and uniformly that the 
temperature of the resistive conductor is, for all 
practical purposes, the same throughout. 

The resistor units can be mounted side by side, 
on end, or on top of each other without affecting 
the even dissipation of heat and without over- 
heating any part of the resistor as a whole. As a 
result there is no danger of a Monitor Edge- 
wound Resistor burning out due to overheating 
in any section. | 

This unusual performance of the Monitor 

_ Edgewound Resistor is due to a new principle of 
ventilation plus the absence of localized heating 
such as occurs in resistors that change resistance 
with temperature. The well known “chimney 


Monitor Eight-unit Edgewound x S ‘ 
Resistor with four units in parallel effect” which causes cumulative heating, often 
and two in series. Resistor tapped ~ - 

ee eee e burning out those parts in the path of the up- 


wardly moving heated air, is eliminated. 
Stronger, more compact, lighter in weight and more flexi- 

ble and simple in its arrangement and construction than any 

resistor ever known, the Monitor Edgewound Resistor, is 


Bitta worthy of careful investigation. Write for Bulletin 107. 


oi ol 


Monitor Controller Company 
500 East Lombard St., Baltimore, Md. 


Birmingham Boston Buffalo Chicago Cincinnati Cleveland 
New Orleans Detroit St.Louis Pittsburgh New York Philadelphia 


Edgewound Resistor 


Monitor 
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The outstanding charac- 
teristic of Type M Trans- 
formers is that they are 
air-cooled, utilizing no 
oil in their construction. 
This makes them ideal 
for indoor use. Bulletin 
65105 gives all details as 
to ratings and dimen- 
sions. Ask for a copy. 
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110-Volt , 


standard lene 


eAir-(ooled 


„ 440-Volt 


n circuits 


Nominal 110-volt circuits can be obtained from 220- 
volt, 440-volt, or 550-volt sources of supply by installing 


a Type M ‘Transformer. 


This enables the use of 


standard lamps and equipment without putting in a 


special circuit. 


Sizes of these transformers are 15 to 5000 watts, 60 
cycles, and up to 3000 watts, 25 cycles, all 600 volts 


and below. 


Type M Transformers are admira- 
bly adapted to many other low- 
voltage needs including 3-phase to 
2-phase transformations. 


They are ideal for special low- 
voltage requirements as well, 
because specials“ can readily be 
built from standardized “M” parts. 


They are attractive in appearance, 
and their construction is such that 
they may be mounted indoors or 
outdoors as desired. They can also 
be furnished for conduit wiring 
installations. 


Tell the nearest G-E Office what 
you wish to accomplish. 
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GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, 


SALES OFFICES IN ALL LARGE CITiES 


INDUSTRIAL ENGINEER 


Time 


that can’t — 


In Square D you have the advantage of 
the simplest and most efficient design 
to accomplish positive quick make and 
break. Square D blades snap solidly 
home with clean, instant, perfect con- 
tact at all points and disengage just as 
quickly. The switch is on or off with a 
minimum of arcing. 


Added to this important feature there 
are many other outstanding Square D 
advantages—individual base construc- 
tion that makes part replacements quick 


e... ik 5 
when the Blades 
snap home / 


Faster Than the Eye can Follow, the 
Square D Quick-Make, Quick- 
Break Action Throws the Switch 
Completely On or Completely Off. 


and simple; key controlled accessibility 
and safety; dust proof and dirt proof en- 
closure for long life and trouble-free 
service. 


Such efficiency, such sturdiness, such 
quality, have built Square D’s unques- 
tioned leadership—leadership based on 
three million successful installations. 


We invite your personal inspection of 
Square D. Ask your jobber or write 
us direct. 
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SQUARE D COMPANY, D ETRO IT, U.S.A. 
FACTORIES AT: DETROIT, MICH., PERU, | 
BRANCH OFFICES: Boston, Buffalo, Chicago, New 9 5 ae 
burgh, St Louis, Philadelphia, Cincinnati, Milwaukee, Atlanta, 
Cleveland, San Francisco, Los Angeles, Syracuse, Kansas City, 
ew Orleans, Baltimore, Columbus, Minneapolis, Indianapolis. 
SQUARE D COMPANY, CANADA, LTD., WALKERVILLE, ONT 
BRANCH OFFICES: Toronto, Montreal 


SQUARE D 


‘Safety Switch 
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meratuic ELECTRIC HEATING ELEMENT r s 


Globar Heating Elements are particularly adaptable for Indus- 
trial applications by virtue of their high operating temperatures. 
They operate successfully at any temperature up to 2750 de- 
grees F, (1500 degrees C). Globar Elements are increasing 
efficiency in production — effect a new economy — permit of 
accurate temperature control and solve element mounting trou- 
bles. Let our Engineering and Development Laboratory help 
vou with your present furnace problems. 


American Resistor Company 
Milwaukee 


New York—Philadelphia—San Francisco—Los Angeles 
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A moment of carelessness—the 
operator fails to realize that the 
hook is too high—unnoticed, it 
BS Ga Sass travels beyond the point of safety 
A NO YOUNGSTOWN LIMIT 
Soe  STOP— 
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The operator throws his con- 
troller to reverse—but too late— 
too late for the safety of the men 
a . on the floor below—hoisting ropes 

SBD r snap the heavy bottom block and 
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„„ Limit Stops make accidents of this 
„FFC kind impossible. They have never 
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ation. 
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THE ELECTRIC CONTROLLER & MFG. CO. 


BIRMINGHAM -BROWN-MARX BLOG. PHILADELPHIA -WITHERSPOON BLDG. 
CHICAGO-CONWAY BLDG. CLEVELAND, OHIO PITTSBURGH-OLIVER BLDG 
DETROIT- DIME BANK 8.06, LOSANGE SEATTLE 570 OMAN BL 

; l LES-THOMAS MACHINERY CO. SEATTLE -570 COLMAN BLDG. 
NEW YORK-50 CHURCHST. AMERICAN BANK BLDG. TORONTO -TRADERS BANKBIDG 
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THE LOUIS ALLIS CO. 
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Immediate Service on Louis Allis Motors! 


The red dots—each representing a Louis Allis 
sales office or service connection—tell the story. 


Manufacturers, whose machines are L-A motored, 
are assured of prompt service at any point in the 
United States. A service for our customers—and 
their customers. 


THE LOUIS ALLIS COMPANY, Milwaukee, Wisconsin 


DISTRICT OFFICES AND REPRESENTATIVES 


BOSTON 3 A r è N . 514 Atlantic Avenue NEW YORK . a r F s a . 8 East 41st Street 
BUFFALO Š E è Š 8 607 White Building PHILADELPHIA . á À z F 2401 Chestnut Street 
CHICAGO . A ‘ è . 332 South Michigan Avenue PITTSBURGH . è 5 e $ 1213 Bessemer Building 
CINCINNATI . >. « 720 Providence Bank Building SE LOUIS © ws nanak A 410 Granite Building 
DETROIT . b > n à 2539 Woodward Avenue 

GRAND RAPIDS 8 . 41-43 Elsworth Avenue TORONTO, CANADA . A ‘ ‘ ` 350 Bay Street 
MILWAUKEE . è ` ° a a 133 Stewart Street VANCOUVER, CANADA ` n é London Building 
MINNEAPOLIS . á . 927 Metropolitan Life Building WINNIPEG, CANADA . ° ` A 68 Higgins Avenue 


— 


Ogle 


December, 1925 INDUSTRIAL ENGINEER 31 


gu 772 gg = n 
fF 


Joy 1 0 Mad A L N 4 N lii h 
Th yi 


277 
* A 


eerie ' 
. a — 1 i i 
ly vimi ji 0 i! Mh, 10600 . ' 
fir AY ji U E A 
100% 0 05 
W e ie! 


D S 
ia aM ail 1 p S A 


Sa 
salty Mam is 


All industry 
reflects 
E.D. performance 


Everywhere in industry you can find Electro 
Dynamic Motors cutting power costs. For they 
maintain a day-in-and-day-out service that re- 
duces to a minimum time and money spent on 
repair and maintenance. Years of hard service 
have proved their ability to stand the gaff of 
constant usage. 


But such performance can be traced back to 
E. D. design. For E.D. was the pioneer ball 
bearing motor and it has maintained such pro- 
gressiveness of design at all times. So that today 
it stands in the forefront of motor lines for all 
industry. 


Whatever your motor problems may be, our 
Engineering Department will gladly work with 
you in selecting a standard type or suggesting a 
special type of E.D. Motor to fulfill your re- 
quirements. 


Send for.our bulletins to get further particulars 


ELECTRO DYNAMIC CO. 
BAYONNE, N. J. 
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. Jhis construction 
‘guarantees satisfaction 


of 


The conductors are made up 
very fine strands of highest quality 
copper wire, accurately drawn to 
size. 


They are insulated, over a cotton 
wind, with a wall of 30% rubber. 
The polarity is indicated by differ- 


ent colored compounds. 


The conductors are twisted to- 
gether with a strong filler of long 
staple cotton. 


Conductors and filler are encased 
in a network of heavy silk finish 
thread. 


The outer cover is a jacket of spe- 
cial “U. S.” Royal Cord compound 
of the highest grade gum rubber, 
uniform in diameter, and forced 
into form under pressure in spe- 
cially designed machines. Enlarged reproduc- 
tion of cross sec- 
tion of “U. 8” 
Royal Portable 
Cord. Construc- 
tion features de- 
tailed at the left. 


“U. S.” Royal Portable Cord will stand up under an 
unparalleled amount of punishment. The construction! 
features shown in the above cross section indicate the 
story behind “U. S.” Royal’s d lability 
story behinc 8. oyal s dependability. 


“U. S.” Royal Portable Cord is built to give longer serv- 
ice under even the most severe industrial conditions. The 
rubber cover is compounded to resist the attack of cor- 
rosive elements and extreme abrasion. The interior con- 
struction of Royal Cord insures against any possible in- 
jury from pulls, jerks, twisting and turning and provides 
for extreme flexibility. 


Years of experience in research and development work and a 
thorough knowledge of working conditions by the United States 
Rubber Company have developed this unequalled Portable 
Cord. The experience of thousands of users has taught them 
to always specify “U. S.” Royal Portable Cord. They have 
learned that there is no other cord that assures them such long 
and uninterrupted service from their portable electric equipment. 


Send for a Sample to Test for Yourself 


United States Rubber Company 


1790 Broadway, New York City 


Complete Stocks Carried in the Following Cities: 


Atlanta Columbus New Orleans Salt Lake City 
Baltimore Denver New York San Francisco 
Birmingham Detroit Omaha Seattle 

Boston Houston Philadelphia Spokane 
Buffalo Indianapolis Pittsburgh St. Louis 
Chicago Kansas City Portland, Ore. Syracuse 


Cincinnati Minneapolis Rochester Toledo 
Cleveland 


US. Royal Portable Cord 
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N Yet four of every five plants are Boole Jighted 
— have lighring~that’ makes pr costs 
excessive. A 
S | 

Good artificial lighting in your plant ill give 
a 15% increase in production or its equivalent 
in lowered manufacturing costs. . 


To learn if your plant is properly lighté 
in touch with your local electric servic 
pany, electric league or club. Without an 
gation to you, they will study your lighting 
needs and recommend improvements that will 


effect economies in your plant. 
Remember: 200 watt lamps with 


proper reflectin g „ ten 4 
feet apart give excellent lighting. a 


oripa 


INDUSTRIAL LIGHTING cour 


NATIONAL ELECTRIC LIGHT ASSOCIATION a 
29 WEST zorn STREET 
NEW YORK 
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ee EA Good Illumination 


AF mu 
„„ „ 


r e Greater Accuracy 

e Reduces Spoilage 
e ay (Talk No. 3) 

ECORDS made in hundreds of 

factories that have put in cor- 

Py 7 | rect illumination show an average 

Bo aoe Fz — =a decrease of 25 per cent in spoilage. 

l f This decrease is due, largely, to the 

greater accuracy of workmanship that 

is possible under correct lighting con- 

ditions. 
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Ae See: | a Did you ever try to read a mi- 
| : 5 crometer by the light of a candle? It 

is practically impossible to do so 
accurately, and yet in many factories 
the actual light intensity is no greater 
where the mechanic must take his 


Plenty of illumination is equally 
necessary in any factory where man- 


h „ 
r 


An Illumination 


* e — Survey 
* 3 5 Without cost and without obligation, 
* : p the Westinghouse Illuminating Engineer- 
ae A A ar ing Bureau will make a complete survey 
2 Sie 22 Me | of your plant. It will then make an un- 
ie. is — S : biased recommendation, telling the pres- 
8 * K . 8 ent condition of your illumination and 


how your lighting system could be 
changed to give an illumination that 
will pay dividends. 


Westinghouse 


X85525 
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Pays Dividends 


ufacturing operations require close 
vision. 


Lighting conditions other than low 
intensity may cause spoilage. Glare, 
shadows, and light from improper 
directions all cause eye-strain and 
discomfort. Inaccuracy, with the con- 
sequent spoilage, is sure to follow. 


All these facts show the necessity 
for expert knowledge in problems of 
industrial illumination. Our Illumina- 
ating Engineering Bureau places such 
knowledge at your disposal. 


It may be that our Bureau could 
show you a way to reduce your spoil- 
age. The advice will cost you nothing 
and will obligate you in no way. 

I Depastossat’ sath Bend: tations 


Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


Completely Wired in Three Minutes 


The Reflector-Socket-Fixture has but three parts. screws cannot come all the way out. No 
A speed test will prove beyond question its ‘‘Easy- loose screws are present to cause fumbling. 
to-Wire“ claim. Any electrician can completely The operation is completed by clamping the 
wire and install the fixture in three minutes. wires under contact screws. 

But three simple operations are necessary. (3) The Reflector is fastened to the socket by 

(1) The cast iron cap is screwed directly onto three screws. Bayonet slots in the reflector’s 

the conduit. heel reduce the operation to a slight twist 


(2) The wires are drawn through holes in the of the reflector and a few turns of the screws. 


one-piece porcelain socket. The socket is Reflector-Socket-Fixtures are rigid, weath- 
fastened to the cap with two screws. These er-proof, and extremely serviceable. 


Holder-Socket ‘Reflectors are Easy to Wire” 


Westinghouse 
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OU NEED NOT concern yourself 
about motor failures, if you first con- 
cern yourself about the motor. 


The motor that never suffers from hidden 
hot spots is properly designed, as well as 
properly constructed. Westinghouse con- 
struction is better demonstrated by per- 
formance than by description. 


Radiating surfaces, fan effect, spacing of 
properly constructed field coils, ducts under 
the commutator—each of these has its 
proper value in Westinghouse design. 


Thus ventilation is one of the factors that 
‘brings about the highly developed balance 
of all electrical and mechanical character- 
istics in all of the 22,000 standard types and 
sizes of Westinghouse motors. 


You need never be in doubt about motor 
performance after you consult Westinghouse. 


Westinghouse Electric & Manufacturing Company 

East Pittsburgh Pennsylvania 

Sales Offices in All Principal Cities of the United States 
and Foreign Countries 


Westinghouse 
Motor: are balanced VA 
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SHARON WORKS 


Sharon, Pa. 


The Westinghouse Transformer Plant 
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When An Emergency 


Demands 
Prompt Shipment 


The distribution transformer is the connect- 
ing link between the power station and the equip- 
ment using electric power. Prompt shipment of 
these transformers is frequently a vital factor in 
supplying service for new equipment. 


The new 42-acre transformer factory at 
Sharon, Pa., with its unexcelled manufacturing 
and testing facilities, enables Westinghouse to 
meet promptly these calls for rush shipment of 
distribution transformers. 


The next time you need some transformers 
in a hurry, let our Sharon Works supply them. 


Westinghouse Electric & Manufacturing Company 
Sharon Works Sharon, Pa. 
Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


STINGHOUSE 
l É ELECTRIC 


Westinghouse 
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MAINTENANCE SERVICE REPAIR PARTS TOOLS Anp SUPPLIES 


In the maintenance 
ev 


dan be done and the dollar- 
(1) The ability and —_ 


e 
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“JIFFY” 
CUTTER 


cuts clean round holes quickly and 
easily, thru steel boxes and switch- 
board panels. 


Saves time and money on every job. 


Adjustable Diameters 34 in. to 6 in. 
Weighs only 316 pounds. 


266666666646 


FIGURE IT OUT 


Write today for a copy of 


“THE HOLE STORY” 

It telle the whole story 
PAUL W. HOCH 
A COMPANY 
23 Oo. Wells St., CHICAGO 


1100666000660 0009000660609 9666600660608 


2868988999696 68666699 76%ꝗ½½%%%%ꝗ% %%%.) %%%] %%% %%“%% %%% 6: HII 


A Hard Blow 

Without Injury! 
“Chicago Rawhide” 

Mallets & Rawhide-faced Hammers 


Flower Brush Holders are 
designed and built by brush 
holder specialists to meet 
the needs of a specific job. 
They’re simple — they’re 
rugged—and they’re made 
only from the finest virgin 
metals. Naturally they last longer, 


are more reliable, and practically 
eliminate ‘‘flashover’’ risks. 


Miller 
Composition Mallets 
“Much pleased with its 

durability.” 

“Your com on mallet has been in 
use two s steadily. One week it 
was used on No. 14 gal ed, another 
week on No. 24 Black Iron. Mechanics 


are very much pleased with its durabil- 
ity. It is still going strong.” 


Quotations gladly given on any type. 


FLOWER 


(From an unsolicited testimonial) S aves A 
B R U S H H O L D E R 8 5 N times = service as battered-up maintenance 
D. B. FLOWER Write for Prices als necessity 


1217 Spring Carden Street, Philadelphia 


Manufacturers of Brush Holders of N. Y. 
for Motors, Rotary Converters, Akron Ohi 
Generators and Dynamos 2 


- e 
26699996 6½½½66696½%½%7 4999999796996 6666606666669 


The Miller Rubber Co. 


1600600006900 6001001000606 0000000600000 860000000 2660066006661 0000016000000 60640001 
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Will transmit an effective blow 
without damage te the mest delicate 


Bat the blew is not more areas 


At Your Service— 


A service wherein the man who is seeking a position or the man who is 
desirous of obtaining trained men; where information can be found 
concerning either the purchase or disposal of used equipment. The 
purpose of the SEARCHLIGHT section of Industrial Engineer is to 
render this service. It simply remains for industrial men to apply this 
service to their needs. 


For Every Business Want—Think Searchlight First 


The Products of our manufacture 
include: 


Belting—Lace Leather— Belt Lacing 


The Chicago Rawhide Mfg. Co. 
1279 Elston Ave. § Chicage, III., U. S. A. 
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REMOVING 
PULLEY 


APPLICATION OF 
EXTENSION ARMS 


Spocscocesecoeocesaconcvecneoceescccscececosseseccooencccescoucecnanesensesesssceocecenecsceseocccsssecsccosocsccssossssoveccecenesecesscssoessssnsessssceneovesssent 


FCCCCCCCCCCCCCCCCCCCWCV oretenetemrerntr ens 


“CARENCO” 
BRUSHES 


4 Can't be sur- 
0 gg passed for 
service and 
efficiency on any 
type of motor or 
generator. After a 
thorough test, 
many of the big- 
gest users have 
adopted “Carenco” 
Brushes as stand- 
ard equipment. 
Let us send you 


11% %%% 


CARBON-ENGINEERING-CO. 
MILWAUKEE, WIS. 


2086866086000 8800086666868 


III 


Weatherproof SCAN ARZE Vibrating Bells 


No. 6c D. C. Cyclone 
No. Je A. C. Cyclone 


Transformer and pan Voltage A. C. 


Cyclone bells bells are approved by National Board of 
Fire Underwriters for Industrial Signalling. They 
are the most reliable bells for Fire Alarm and Gen- 
eral Calls in your plant. 
branch office for catalogue and full particulars. 
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ARMORED 
WEATHERPROOF 
OH IO CONNECTOR 


Connect or dis- 
connect instantly 
(no tools or tape 
required). Think 
of the time saved 
in connecting mag- 
nets, welding ma- 
chines, ete. Made 
single pole as il- 
lustrated, also 
double or three- 
pole. 
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Premier Electric Company 
1808 Grace Street, Chicago 
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THE OHIO ELECTRIC & CONTROLLER CO. 
5910 MAURICE AVENUE > ~ CLEVELAND. OHIO. 


Have You E njoyed Reading This Copy? 


For $2.00 a Year You Can 
Get One Like it Every Month 


Use the coupon at the bottom of page 90 
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Copper Wire all kinds 
Insulating Varnishes 
Super-Safety Switches 
Electro-Nite Carbons 
Commutator Truing Device 
Mica Undercutting Tools 


ARTHUR B. WEEKS 
419 High Ave. Cleveland, Ohio 


z 


are Self Lubricating. 
They last longer and 
serve better than 
ordinary Brushes. 
Give them just one 
trial, 


i: Calebaugh Self-Lubri- 
cating Carbon Co. 


1503 Columbia Ave. 
Philadelphia, Pa. 


7666069600609) 8e 
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Nos. 76 and 77 No. 6 D. C. Cyclone 
A. C. Cyclone Bell No. 7 A. C. Cyclone 


Write factory or nearest 


Branch Offices: 
nL 
1444 Park Place E. W. Jackson Bivd. 453 leader-News ids. 
New York City Mass. 
$91 Broadway 481 Bourse Bldg. 183 Pearl t. a 
Los Angeles Geattic, Wash. Main Office 
313 Cale Bldg. 223 Hinckley Bldg. Schwarze Electric Co., Adrian, Mich., U. S.A. 
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WHEN you need brushes on short notice for 

any reason write, wire or phone the nearest of 

our four plants, and the National Pyramid 

Brushes you need will be on their way to you 

immediately. 
Have we complete data sheets on your 

motors, generators and converters? Informa- 

tion regarding our data sheet service gladly 

sent on request. 


The services of our Sales Engineers are always at your disposal 
Manufactured and guaranteed by 


NATIONAL CARBON COMPANY, INC. 


i Carbon Sales Division i 
Cleveland, Ohio San Francisco, Cal. 
Canadian National Carbon Co., Limited, Toronto, Ontario 
Emergency Service Plants 


CHICAGO, ILL. PITTSBURGH, PA. NEW YORK, N. v. 
551 West Monroe St. Arrott Power Bldg. No. 3 357 West 36th St. 


g Barker Place i 
Phone: STA te 6092 Phone: ATLantic 3570 Phone: LACkawanna 8153 


“Your armature brush can 
start or stop a lot of trouble” 


It’s a question of the proper brush 
for your requirements — a ques- 
tion of getting armature brushes 
with the right abrasiveness, 
proper co-efficient of friction and 
correct contact drop for your par- 
ticular motors. 


Among the different types of 
H & H brushes there is one to fit 
your exact requirements, that will 
assure cool operation and perfect 


commutation with minimum 


Wear. 


Let us go into your particular re- 
quirements with you. 


HOHMAN & HILL, Inc. 
1900 Southport Ave., Chicago, III. 
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Grade R-14 For 
A.C. Commutating 
Motors 


A well known New 
England textile mill uses 
a number of A.C. com- 
mutating motors in their 
7 spinning room. They for- 
ER i merly kept an electrician 
5 in that room all the time 
but since using Corliss 
R-14 brushes they have 
not spent an hour on 
brush trouble. 
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e CORLISS CARBONCO 
fie Fe ee == BRADFORD PA. 
District Offices Distefbatoro 
90 West Street New York Beckett Electric Co., Dallas, Monterrey 
Union Trust Building Pittsburgh Electrical Specialty Co.. San Francisco 
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Do your COMM UTA TOR run HOT? 
Do you have DESTRUCTIVE SPARK ING? 
Are your BRUSHES wearing GROOVES? 
Are your MACHINES NOISY? 


Eliminate all these troubles and 
Prolong the Life of Machines 


by equipping them with 


The original and improved 
Reaction 


Brush Holder 


over 20 years in service 


Let us equip a Generator or Motor for you. 
Make its final acceptance subject to your 
approval after any reasonable period of ep- 


eration. 
THE BAYLIS CO. 
50 Nelson Street 
BLOOMFIELD, N. J. 
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Advantages of ball bearings 


HIS advertisement is the 

twelfth of a sertes ap- 
pearing monthly in this 
magazine. Previous adver- 
tisements have summarised 
the following advantages of 
ball bearings for electric 
motors: 


1. Short overall length of 
motor 


2. No shorts from oily 
windings 


3. Clean bearings 
4. Small, constant air gap 


5. Reduced maintenance 
` costs 


6. Thrust load capacity 

7. Repair bills cut 

8. Smaller stock of spares 
9 


. Belted in any position 
from any direction 


10. International inter- 
changeability. 


11. Long life 


IRAE IN IIR 


BALL BEARINGS 


for electric motors 


XII. Higher Efficiency 


Motor friction losses cost money,— power 
money. And anything that reduces such losses 
means a real dollars and cents saving in the 
owner's pocket. 


Here is where ball bearing motors show a de- 
cided advantage over motors of any other type. 


Assume, for example, that a ball bearing motor 
is only 2% more efficient than a sleeve bearing 
motor of the same rated capacity,— and this 
figure is conservative, according to available 
comparative performance data. Then 30 mo- 
tors, each delivering 10 H.P. and running 3000 
hours a year, would show an annual saving of 
30x10x3000x.02—18,000 H. P. hours. At a cost 
of 2c a horsepower hour this would amount to 
a yearly saving in power of $360 for the 30 
motors. 


Note that this is a saving in power only. It 
does not include the corresponding savings in 
lubrication, maintenance, and production loss- 
es already considered in previous advertise- 
ments of this series. 7 


THE FAFNIR BEARING COMPANY 


Makers of high grade ball bearings, 
the most complete line of types and 
sizes in America 


NEW BRITAIN, CONN. 
Chicago Newark Cleveland Detroit 


Y 


THE MOST COMPLETE LINE OF TYPES AND SIZES IN AMERICA 


They Have Some BIG 
Advantages 


IXL Herringbone Gears and Speed Reducers 
are especially adapted for heavy duty drives, 
high speeds, continuous service, where high 
efficiency is an important factor and where 
vibration and noise are objectionable. 


Advantages of Continuous 
Generated Teeth with 
30 Degree Helix Angle 


1. Greater load carrying capacity. 

2. Greater strength of tooth. 

3. Greater Bearing surface per tooth. 

4. No undercutting of teeth. 

5. Extreme quietness of action. 

6. Narrower faced gears to transmit same HP. 

7. Elimination of Backlash. 

8. Minimum vibration. 
We make single, double and triple 
speed reduction units. Capacities up 


to 150 HP. and Reduction ratios up 
to 350-to 1. 


We 
Manufacture 


Cut Gears of all 


FOOTE BROS. GEAR miata Pinions 
© MACHINE CO, 


Micarta Timing 
Gears 
Flexible Couplings 

G Racks 


236-246 N. Curtis St. Chicago, Iil. 


Sales offices in all principal 
cities in L. S. and Canada. 


LLL 
FOOTE BROS. GEAR & MACHINE CO. 


Speed Reducers 
Special Machinery 


236-246 North Curtis Street EA 
Chicago, Illinois 


Please send us full information on IXL Herringbone Gears or 
Speed Reducers to meet our requirements as per the enclosed 
specifications. 


Address 
Signed 
qn GD GE Gs GE es es es ees D 


STRIAL ENGIN 


Vol.83, No.12 


dAALNOAAUOUOOOLARAAADAADAAOAAO UNS 110 (002000 ALA UEP 


wt 


eee 


Announcing— 
THE NEW TRICO : 


GIANT SIZE . 


FUSE PULLER and REPLACER 
The big brother to the standard 


pocket-size model—a rugged, over- 
size tool for safely and conveniently = 
handling fuses of large capacity. 


For fuses from 
100-600 Amps. 250 V. 
60-400 Amps. 600 V. 


Made with 7 laminations of 
highest grade genuine horn 
fibre, tested at 35,000 Volts. 
A Brute for Size and Strength 
—just the thing for large in- 
stallations. 

WRITE TODAY for literature 
and name of nearest dealer. 
NOTE: Ask for information on 
Trico Powder Packed Time 
Limit Renewable Fuses — Fa- 
mous for Their Performance” 
—the line that reduces blow- 
outs 80 per cent. 


Trico Fuse Mfg. Co. 


Dept. A 
Milwaukee, Wis., U. S. A. 


92 


PEG. U. $ PAT OFF. 
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POCKET 
SIZE 
7.4 In. 

Price $1.00 

In 8. A. 
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Controllers 


Specially designed for 


Hoisting Machinery. 
Metal and Woodworking equip- 


ment. 

Electric Trucks and Tractors. 

Mine Locomotives. 

Pumps, Fans and Blowers. 

All General-Purpose Motor Con- 
trol applications. 
Send for bulletins and detailed 

information, 


Union Electric Mfg. Co. 
Milwaukee, Wis. 
20 Sales and Service Offices 
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Hammond 
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TRANSFORMERS | 
That’s Us! 


LARGE OR SMALL. When you are 
in the market for transformers, get our 
quotations. Any voltage—any capacity. 
We are in position to give prompt deliv- 
eries on quality built transformers. 


Campbell Mfg. Company 


19 Stewart Street Lynn, Mass. 
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| The New, Improved Effective Dec. 1, 1925 | 


al 
FLEXIBLE BLOW 


For Motor, Turbine, Engine Drives 


FLEXIBLE STEEL PIN UNITS The Improved Francke Coupling retains the best features of the old 
R r es Heavy Pattern Type and adds several new features to make a better 
coupling. More and easier endwise movement. Greater er and 
bore capacities Much longer Hfe for all speeds. Steel Hanges for 
small and intermediate sizes. Lower prices. 


The Francke handles all accidental misalignments—Out of center, 


in an angular direction and endwise; cushions starting and load | 


shocks; absorbs vibrations; runs in either direction; is noiseless. 


In case of excessive misalignment it acts as a safety device saving 
broken or scored shafts, bearing troubles, etc. However, if more 
than the usual misalignments are expected, due to non-rigid founda- 
tions or for any other reason, two couplings in tandem with an 
intermediate shaft or a Double, Floating-Ring Type Francke Coupling 
should be used. 


Other Francke Features. Easily mounted, aligned and connected 
without special „ no perishable material. No move- 
s ment or wear on ges to cause expensive renewal of com- 

Bushed Pin Tyr plete coupling. Simple and safe. 
Graphited bronze bushings in Size No. 


850 and larger (bronze bushings in Ask for Bulletin 37 S 
smaller sizes) are removably locked in 
one flange. The steel pin units are 


free to slide a full half inch within 

"pale, ar garen es MITH € SERRELL 
more than doubled; a cylindrical sur- 

face is obtained; movement is between 


steel and bronze; and the graphited Noupling Specialists Since 1912 . 
bushings present a self-lubricated sur- 


face that retains its lubricating quali- 26 Washington Place, Newark, N. J. 


ties for many years. 


7 SPEED 


FRICTION CLUTCHES | | REDUCING UNITS 


Up to 5 H. P. Capacity 


Send for Catalog 
WINFIELD H. SMITH : 
116 Eaton Street Springville, N. Y. 3 


nenen 


NOTE the Absence of Projecting Bolts or 


ugs 
Also Compact, Solid, General Lines. 


a Complete Line of BEARINGS 
Transmission i Accurate 


For Belt o Rope Drives 
20 
Conveying Machinery 
Send for Catalogue 35A Transmission Machinery 
WELLER MFG. CO. 


1820-1856 N. Kostner Avenue CHICAGO, ILL. 


SALES OFFICES 
New York Buffalo Baltimore 


Dependable 
Quiet 


Samples or 
Specifications 
on request 


Me 
Torrington Company 


Pittsburgh 11 
Detroit St. Louis Omaha Salt Lake City § : TORRINGTON, CONN., U.S.A. 
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kS American High Speed Chains 
operating churns ver 


0. 


Efficiency 
At Its Highest 


No device is more efficient 
than American High Speed 


Chain. It is the “ball bear- 
ing“ of power transmission. 
It is 98% to 99% efficient. 


Your plant needs American 
High Speed Chain Drives just as 
machines of high efficiency need 
ball bearings. They save power, 
avoid practically ‘all the costly 
break-downs experienced with 
other forms of power transmis- 
sion, and speed up production. 

We now have a complete stock of 
chains and sprockets up to 10 H. P. and 
7 to 1 reduction, from which we can 


ship on less than 48 hours notice. Ask 
for Catalog No. 105. 


If you desire conclusive proof, try 
American High Speed Chains on some 
of the drives in your factory. They 
will sell themselves to you and soon 
you will have your whole plant 
equipped with them. Save power! 


Write for Our Catalog 


M 


——— Ind. 


NEW YORK, 50 Chareh * 
CHICAGO, Menadaeck 


— Plus 98 f0 99% Efficiency 


ERICAN 


HicH SPEED CHAIN Co. (1 


1920 


SEMICENTENNIAL 


OF A GREAT BELT 


IN 1876 there were exhibited at the 

Centennial Exposition “—three mon- 
ster leather belts—the largest 60 inches 
wide, 176 feet long, and weighing 1,130 
pounds.” 


When General Grant opened the Ex- 
position by starting the great Corliss 
Engine, this belt was first set in motion 
—and it is in active service use today! 


For almost fifty years this “Centennial” 
belt has been running night and day, day in 
and day out, in a paper mill in Wilmington, 
Delaware. It has traveled around its pulleys 
a distance so great as to be almost incompre- 
hensible—some 20,000,000 miles. 

It has piled up this tremendous record 
under most adverse operating conditions. 
Meeting the heavy service of a paper mill, 
exposed to water and dampness, to extremes 
of heat and cold—what material other than 
leather could have possibly endured? For 
leather is an almost indestructible material— 
air and water have no effect upon it, and it is 
free from the usual elements of decay. 

Beyond all question this famous old 
belt was one of excellent quality. But 
during the long years of its service 
there have been marked advances in the 
art of tanning, and it is quite certain 
that the first-quality leather belting on 
the market today is fully equal, if not 
superior, to the “Centennial” belt in 
quality, and capable of rendering equally 
remarkable service. 

LEATHER BELTING EXCHANGE 
417 Forrest Building Philadelphia, Pa. 


Nothing takes the place of 


LEATHER 
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What makes Standard Conveyors Economical? 


That’s the question Fairbanks-Morse 
and Company wanted to know before 
installing the Standard System. They 
know now, and are daily receiving addi- 
tional evidence from their own convey- 
ors. 


Standard Gravity Conveyors bridge the 
gaps between the cars, the material 
yards, the various shop operations, the 
assembly and storage houses to the ship- 
ping room. They eliminate much labor, 


require no power for operation and but 
little maintenance. 


How a Standard Conveying System 
could help you, how it could reduce 
your handling costs and speed up pro- 
duction is a problem our engineers will 
gladly help you in solving. To call 
them in places you under no obligation. 
In the meantime we suggest that you 
write for a copy of catalogue IE 12. 
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Free Holiday 
Stamping Offer 


Until January 1, 1926, we will stamp your name, or a friend's 
name, in gold on the front cover of any McGraw-Hill Book. 
Ordersefor stamped books should be accompanied by proper 
remittance and, of course, stamped copies are not returnable. 


Underhill—Coils and Magnet Wire 

404 pages, 6x9, 197 illustrations, $4.00 
A practical book on the principal classes of coils and the mag- 
net wires from which they are constructed. 


Underhill—Magnets 

449 pages, 6x 9, 467 illustrations, $4.00 
A practical treatise on electromagnetic devices, their circuits 
and the specific forms and characteristics of electromagnets 
and permanent magnets used today. 


Consoliver—Automotive Electricity 

665 pages, 5% x 8, 656 illustrations, $4.00 
A new book on the construction, operation, characteristics and 
maintenance of automotive ignition, starting, lighting and stor- 
age battery equipment. The book presents information on prac- 
tically all types and makes of automotive electrical and battery 
systems. 


Annett and Roe—Connecting and Testing D-C Machines 

237 pages, 6x9, 172 illustrations, $2.50 
A practical presentation of the problems arising in the re-con- 
necting of direct-current machinery for changes in speed and 
voltage, with methods of making tests for the locating of faults 
and directions for the making of repairs. Many diagrams and 
worked-out problems are included. 


Dudley—Connecting Induction Motors 


Second edition, revised and enl 361 pages, 6 x 9, 
289 illustrations, $3.00 


A presentation of practical questions arising in winding and 
connecting alternating current motors. It includes 159 stand- 
ard diagrams. l 


Del Mar—Electric Cables 

208 pages, 6x9, 58 illustrations, $2.50 
This book presents principles underlying the design, manufac- 
ture and use of electric cables of all important types for prac- 
tically all purposes. 
Schuhler—Electric Wiring 

361 pages, 5 x 8, 305 illustrations, $2.50 
The book covers the fundamentals of electric wiring thoroughly 
from the splicing and soldering of conductors to telephone 
wiring. 


FREE EXAMINATION COUPON 


(J Send me the books checked with name stamped in gold on 
front cover. I enclos? proper remittance and understand 
that stamped books are not returnable. 


——— ꝑ k᷑..læ4l᷑.ʒ..ʒwi „ «c K ——̃ OO ——— OLE TEDOSTOOE KKK KK »»KK—K A AKA K» KKK KKR M K J E64 


(Name to Be Stamped) 
This offer expires on Jan. i, 1926 


U Send me the books checked for ten days’ free examination. 
I agree to return the books, postpaid, in ten days or to 
remit for them then, 


ees Underhill—Coils and Magnet Wire, $4.00. 
siasio Underhill—Magnets, $4.00 
© lei Consoliver—Automotive Blectricity, $4.00. 
ene Annett and Roe—Testing D-O Machines, $2.50. 
iski. Dudboy— Connecting Induction Motors, $3.00. 
. .. Del Mar—Electric Cables, $2.50. 
.. schuhler—Blectric Wiring, $32.60. 


Name Of Com pA ny 9 .iicciics isis csetecauiased cease wccn dna er eds z 
(Books sent on approval to retall purchasers in U. 8. and Canada only.) = 
LE. 121-25 2 
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Economy 


What a machine—or an improvement in 
a machine—costs, is of secondary im- 
portance. The big thing is what that 
machine will do, or how much that im- 
provement will reduce costs or increase 
production. We've got to measure values 
by results—and by results only. 


PRECISION 
BEARINGS 


Incorporated in your machines will con- 
stitute a definite and tangible improve- 
ment—‘‘Norma’’ Precision Ball Bearings 
where speeds are high and loads steady, 
„Hoffmann Precision Roller Bearings 
for high speeds, heavy loads and shock 
or vibration. Our engineers have helped 
many a machine builder to add another 


factor to the economy of his product. 


Why not ask them? 


NVRMA- HOFFMANN 
BEARINGS CVURPVURATIVN 


Stamford pe Connecticut 


PRECISION BALL. RoLLER AND THRUST BEARINGS 
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rate Speed Variation / 
ET in touch with the REEVES represen- 
tative nearest you and let him show you 


the advantages which accurate speed and vari- 
ation will bring to the machines in your plant. 


*Reeves-Bond Sales Com Ty-Sa-Man Machine Co. 
iene’ Je aaa Charlotte Sent 9 
u 
Pully * 8 Rot G 
Reeves pany Mine & Smelters Supply 
8 & M Sinne Me chinery Com 
oore 
New York & Boston ji Fla. py 
*Charles Bond Company T 8 4 * 
tts 
W. E. Shi Mach. Co. Mfg. Corporation 
Philadelphia ti 
Mach. & Supply Co. Dodge Mfg. Corporation 
altimore Atlanta 
*J. A. Webb Belting Co. oa: a 
n & Hammond Wm. G. 
*Link Bal M & Gottfried 686 Company 
cese * 
San Francisco Indianapolis ia — 
»Link Belt Meese & Gottfried M. L. Foss Sete 
Los Denver iii 
Link Belt Meese & Gottfried Martin & Campbell Company 
Portland, Ore. Detroit 
Link der Meese & Gottfried Cecil R. 3 Company he HURDLE S 
E. M. & W. Engineering Co. *Cross Brothers Com 
St. Louis Rochester, N 
ee) ae er ve Alamo Iron Works W | R 
is ville, Ky. Antonio 
F. Raniville Com J. E. Dil worth Company 
Grand Rapi er 
-Bee pany Belt ont HE horsepower that leaves 
Charles B. s B. Soott Company Boston Gear Works Co the boiler spends a part of 
' Boston Gear Works Co. its force in overcoming the ob- 
ew Yor 


indicates the representatives who carry a 
complete stock of REEVES Transmissions 


Ordinary speed changing devices give just steps 
in speed, but steps are not exact enough for best 
results. Often, the speed you need is between the 
steps, and the REEVES Transmission is the only 
way of getting the “in-between” speeds accurately. 
You get literally millions of speeds with the 
REEVES—any speed between fastest and slowest, 
even to the smallest fraction of a revolution. Ac- 
curate and dependable, always. 


REEVES PULLEY COMPANY 


Established 1887 
Columbus, Indiana 


REEVES 


Variable Speed Transmission 


Visit our exhibit, Booth 
530, at Power Show, 
Grand 


e 30th to Decem- 
ber 5th. 


PATENTED 


stacles encountered in every 
lap of its travel from the boiler 
to the last machine. 


There is resistance and waste 
in the transmission of every 
form of energy —the Hurdles 
of Horsepower. 


But because of the scientific design 
and construction of American“ 
Pulleys and “American” Hangers 
(both of steel) these hurdles are 
lowered and transmission losses are 
cut to a minimum. 


There are sound reasons for this 
power saving. You will find them 
clear and understandable. Write for 
them. 


The American Pulley Co. 


Manufacturers of Steel Split Transmis- 
sion Pulleys, Pressed Steel Shaft 
Hangers and Pressed Steel Shapes 


4200 Wissahickon Ave. Philadelphia, Pa. 


MERICA 


STEEL SPLIT 


N 


HANGERS | PULLEYS 
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Why a Lewellen Transmission ? 


1 speed of any machine in the plant 

can be accurately controlled with a 

Läewellen variable speed transmission. 
It provides the best means known to 
modern practice for gradual and reliable 
variation of speeds. Old methods were 
unsatisfactory because they jerked from 
one speed to the next. The number of 
different speeds available was small. Ac- 
curate regulation was not possible. 


With the Lewellen variable speed trans- The Lewellen complete ball bearing trans- 
mission is available from stock in sizes 

mission, minute regulation and slight from 1 to 50 H. P. and in all speed 
ranges. It may be mounted on floor, wall, 

changes of speed—as well as wide varia- or ceiling. Equipped with hand, remote, 

or automatic control. The Lewellen ring 

tions—can be secured. The change is oiling type of transmission, lower in price, 

. is available for service where operating 

` : gradual, however—there are no jerks. W 


The Lewellen variable speed transmis- 
sion makes it possible to control accu- 
rately the speed of any machine in the 

shop. Its use means distinct savings in 
production costs. 


Lewellen Manufacturing Co. 
Columbus, Ind. 


1E-12E-RTG 


Flexibility for Midwest Steel Stringers, which are themselves quickly 
O and readily installed in any type of building, provide in 
ee eee advance for changes of every kind in your overhead layout. 
cans i wered New equipment is quickly installed—old equipment can 
Operating Costs be moved to the exact point where it is needed—and even 
belting can be tightened without cutting and relacing of 

belts. Changes in the location of any overhead equipment 

are made without skilled labor, without time-consuming 


field work, or boring of holes. The only tool required is 
a bolt wrench. 


Your plant can profitably-use Midwest Steel Stringers. 


Let us send one of our engineers to show 
you how Midwest Steel Stringers will cut 
operating costs in your plant. 


MIDWEST STEEL & SUPPLY CO." 


Bradford, Pennsylvania 


Midwest Canada, Ltd., Offices in Principal Cities Midwest Pacifie, Ine. 
83 Craig St, W. Monadnoek Bldg. 
Montreal, Canada San Franeisce, Cal. 
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A Quiet 
Efficient 
Drive 
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EE how smoothly power is transmitted 
08 from the motor to this Ingersoll Rand 
. Air Compressor by means of the efficient 


. Link-Belt Silent Chain Drive. 
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re tt. an | 
ow oo. ar OF 


This photograph, taken while the drive was 
running at high speed, clearly shows the ac- 
tion of the Silent Chain drive in transmitting 
power from the prime mover to the machine. 


e Link-Belt Silent Chain is Flexible as a Belt, 
positive as a Gear, more Efficient than 
Either.“ It is an ideal Drive operates on 
. short centers, saves floor space, and when 
öiWꝗ enclosed in our safety: first, dust proof, oil- 
AS retaining casing, makes a practical drive in 
N . any factory or shop. 
. Send for Price List Data Book No. 125. 


IROA 


2862 
LINK-BELT COMPANY 


Leading Manufacturers of Elevating, Conveying and Power Transmission Machinery. 


PHILADELPHIA, 2045 Hunting Park Ave. CHICAGO, 300 W. Pershing Road INDIANAPOLIS, P. O. Box 85 
Os | È D e 
D — 


SILENT CHAIN DRIVES 
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Be progressive 
—use “Trucks” 


ELECTRIC 


23888385 823 
478485 8 27 
S 882838429 8.8.8 
3245888352 5 os 
35228882882 4 
365.83 52 6.33.38 8 
2288535588838 2 
2888234 84 38888 
E S O 98 38883 
Peas b „ 8 85 
3388322228829 
25 22 8583 8837 
75 5 8.228 3 2 
85382 BS 25822 
92525825525 
3885883288 8882 
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GENERAL 
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Factory- built 
complete 


The vanguard of G-E Truck users 


PUBLIC UTILITY AND MUNICIPAL Salem Electric Light Company National Plate Glass Company 
USERS East Pennsylvania Electric Company - Amoskeag ari Company 
Brooklyn Edison Compan Illinois Electric Power Company Anaconda Co Mining 5 
Louisville Gas & Electric ny Sao Paulo Light & Power Company International Nickel Compan 
Northern States Power Company Pacific Gas & Electric Company Cosden & Company 
New n pany Indiana Electric Company Petroleum Company 
Company Ohio River Edison pany Petroleum Refining Company 
French Tramway Company Union Electric t & Power Company International Harvester 
L Company Muscle Shoals Power Project Crown Oil & Refining Company 
nited Illuminating Company e s & Electric Company late Glass Company 
Gas Company Southwestern Electric Company Republic Iron & Steel Company 

City of Lansing Duquesne Lighting Company Hood Rubber Company 

t & Power Company Des Moines Company Warner Sugar Refining Company 
Government of eag Union Iron Works 
Troy Gas Compan INDUSTRIAL USERS Massachusetts Cotton Mills 
Nebraska Power C Combe pany Scoville Mfg. Company Pepperell Mig Company 
Binghamton Light, Heat & Power Co. Narrow Fabric Company Penn Allen t Company 
M litan Power y Bethlehem S Company Crossett Lumber Company 
Hongkong Electric Light Company Lehigh Coi & Navigation Compan Kemospheric Nitrogen Company 

on t pany P 

Ashuelot bas & Electric Compan toga Pf 7 National Silicon Company 
Pennsylvania Central t & Power Co. Robbins Dry Dock Giant Portland ent Company 
Hartford Electric Light Company Crane Company Jones & Laughlin Steel Company 
Indianapolis Light, Heat & Power Co. Conley Foil Company Long Bell Lumber Company 
Paige Power Company Nordyke & Marmon Harrison & Company 
Orange Co. Public Service Company ` Reo Motor Car Company White Motor Company 


VERYWHERE the Steel, Enclosed Truck-type G-E Switch- 

board is proving its ability to promote continuity of service 
economically and with safety—applicable on all a-c. circuits up to 
15,000 volts. Its success is indicated by this partial list of users. 


ELECTRIC 


P R IN CIP A . CITIES 


54 NDUST 


FX 


R 


The Elements 


Alarm, High and Low Liquid 8610-3615 
Automatic Pump Combined Hand and 
(See Panels, Fire Pump). 
Automatic Starters (See Starters, Automatic) 
Automatic Transfer Swi 8020 
Cireuit Breakers. 3800-3815 
Contactors (See Switches. Magnet) 
Qontrol, 9000 
Controllers, Elevator 9999 
HMievator 9999 
Fire Pump Panels (See Paneis, Fire Pump). 3635 
Hand and Automatic Fire Panels, Combined. 
(Bee Fire ). 

Hand Swi 3600 
Hand Starters (See Starters, H ) : 
High and Low uid Level Alarm Switches.._...............~...--...— 8 

igh and Low Liquid, Alarm Switch 2810-3615 
Lighting Pan Remote 1100 
Magnetic Brakes (See Brakes, Magnetic) 
Magnet V 5700 
Magnet Swi A. C. 7600 
Magnet Switches, D. C. 7500 
Magnets 6500 

Fire (Bee Panels, Fire Pump) 
Manual Starters (See Starters, Hand). 

Pressure Regulator (See Pressure Regulator. also Panels, al). 


Panels, Special — ——————— EDD a -5433 
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of our Business 
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Valve, Magnet Operated. 423 
Valve, Remote NCO ðZ -mnnerasonnononmmacnmmnons onenn ree 


WRITE FOR CATALOG 
SUNDH ELECTRIC COMPANY 


Branch Offtess: Chicago 
New Y 


ork City 
Sales Representatives: Atlanta Buffalo Dalies 
~ Baltimore Cleveland Detroit 
Boston Cineinnati Kansas City 


Cut your 
coil costs 


With Browning Coil Making Equipment, 
a small stock of wire and a low-priced 
operator, you can produce perfect coils 
rapidly, cut your coil costs and release 
capital tied up in large stocks of finished 
coils. Perfect Browning-made coils save 
time of high-priced motor winders. 
Browning Equipment quickly pays for 
itself. Used and endorsed by largest 


manufacturers and repair shops. 


Get the facts. Pin this ad to your let- 
terhead and mail it to us today for full 
details. No obligation. 


MUTUAL FOUNDRY & MACHINE CO. | 


Manufacturers 


Atlanta, Georgia 


EXECUTIVE OFFICES AND FACTORY 
Newark, N. J. 


Lee Angeles Philadelphia Gan Franreisse Montreali, Canada 
Minnsapetle PI St. Leuts Toronto, Canada 
New Orisane Pertiand, Ore. Youugetowan 


£ 
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z When you join two metals with soder the joint 

E is stronger than the metal it joins if good soder 

Z is used with— 

z ALLEN SODERING FLUXES 

= l —jt mean 

= Sure secure sodered joints. 

= Send for free samples now 

- L. B. ALLEN CO., Inc. 

= 4531 N. Lincoln St., Chicago, III. 
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ELWELL-PARKER 
6000 POUND 


ELECTRIC LIFT TRUCK 


Will pick up and deliver 
more materials day after 
day at less cost than any 
similar truck. 

Request details as to this now 


Speslel, illustrated in Bulletin 
4685 


Cleveland 


atem 
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REWINDING 


SMALL MO’ 
BRAYMER ANP ROE 
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rar Off The Press! 


ORS — A practical book every electrical man will 


welcome 


Practical details of repair shop practice with step by step 
procedure for rewinding all types and designs of fractional 
horsepower motors. 


Examine this new book 


for 10 days FREE 


Rewinding Small Motors 


By DANIEL H. BRAYMER 


Formerly Editorial Director, Industrial Engineer 


and A. C. ROE 


Industrial and Jnsulation Engineer, Renewal Parts Engineering Department, Westinghouse Electric and Manu- 
facturing Company 


247 pages, 6 x 9, 210 illustrations, $2.50 
This new book tells you in plain language how to wind and rewind D.C. and A.C. motors for 
portable drills, grinders, automobile starters, sewing machines, desk and ceiling fans, vacuum 


cleaners, washing machines, etc. 


A book many electrical men have been waiting for 


Step-by-step directions are given. The entire job is made clear. 


You can follow this book on 


any job of small motor winding from start to finish. The experienced winder will find it a great 
help on any job. The beginner will learn just how to go about doing a winding job. oe hand 
wound and machine wound jobs are described fully. 

The man who is called upon to repair small motors will find this book the greatest help he has ever had. It 


is based upon many years’ experience, and those who are familiar with Mr. Braymer's and Mr. Roe’s other books 
will know what to expect in the way of detailed, practical information. 


Covers practically every conceivable small motor winding job 


The book shows vou step by step just what to do on almost every conceivable small motor winding job. 


It shows you 


—what must be done before the job ts tackled; 
—what information you must have and how to get it; 
—how to strrp an armature ; 

—how to insulate the core; 

—how to handle the different types of windings ; 
—how to test armature while and after winding ; 
—-how to locate faults in small motors; 


See it free for ten days 


If you are concerned in any way with the repair of 
small motors, vou can hardly afford not to see this 
book. That’s all we ask. Just look at it. We know 
that once you can see for yourself what this book is 
you will want it. Just fill in and mail the coupon. 
You don't have to send money in advance; you don't 
have to buy the book if you don’t want tt. You mere- 
ly agree to return it, postpaid, in ten days or to remit 
for it then. 

Maybe one chapter of this book will give you sug- 
gestions that will be worth ten times the cost of the 
entire book to you. Take a look at it anyway. 


Mail this coupon today! 


—what tools are necessary and how to use them; 

—the advantages and disadvantages of the different 
types of windings ; 

—how to save time by short cuts in rewinding small 
motors ; 

—etc., etc. 


FREE EXAMINATION COUPON 


McGraw-Hill Book Co., Ine. 

370 Seventh Avenue, New York. 
Send me 10 days’ free examination Braymer and Roe’s REWINDING 
SMALL MOTORS, $2.50 net, postpaid. 


I agree to remit for the book or to return it, postpaid, within ten days of 
receipt. 


Saa aLa Ovi ANE E ee een ];] ”⁶ ⁶ ͥ C S NE E ees eee E 


Company ——-— u U Ui —— ˙ gEI————————ͤ(—— Hia 
(Books sent on approval to retail purchasers in U. S. and Canada only.) 
I.E. 12-1-25 
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BURKE FOR WORK 
3 things 

in motor 
performance 


are always looked for. 
They are (1) efficient 
ser vice — (2) eco- 
nomical operation 
(3) durability. You 
get all three with 
Burke Motors. Ask 
for our various bulle- 
tins descriptive of 


Type WA BURKE these motors. 


; We also manufacture alter- 
Direct Current Motor nators, generators, motor 
generator sets, arc welding 
equipment and trans- 
formers. 


Interchangeable 
In principal dimensions 
for the same horsepower 
rating and speed. 


Unusually Long Life 
as a result of low rated 
load temperatures—less 
than 40°c. 
Large Reserve Power 
to meet service emergencies. Jr Always Starts! 
Dual Wick Lubrication poh Ae 
(Sizes 6 to 1½ H. P.) 
Ball Bearings 
wich exclusive sleeve mounting. (Sizes 2 to 7½ H. P.) 
Symmetrical Frames 
with windings carefully protected against mechanical 
injury. 
Good Insulation 
Seven high voltage tests during manufacture. 


The great value of Burke Motors is appre- 
ciated more and more as they are used. This 


accounts for the great number of operating 
men who specify Burke Motors every time. 


— red 


STOCKS CARRIED IN PRINCIPAL CITIES 
GUARANTEED CLINCH UY 
MASTE VN MOTORS Halal , 


Sales Offices: Buffalo, Chicago, Cleveland, Detroit, Erie, New York, Phila- 
delphia, Pittsburgh. Sales Agencies: Underwood Electric Co., Cincinnati; 
W. T. Osborn, Kansas City; J. E. Arnold, Tulsa, Okla.; D. H. Braymer 
Equip. Co., Omaha, Neb. 
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Baldor Electric Motors 
Ball Bearing 


i mum nT We 


THU WTA 


= Single Phase Horizontal & 
= Repulsion Type Vertical Design 
: Direct Current T Meg backs 2 5 
= Polyphase Back Geared = 
: Superior in Quality 

Competitive in Price z 


Baldor Electric Co. 


4351-55 Duncan Ave., St. Louis. Mo. 


See 


FOR 
A. C. AND D. C. 
UP TO 75 H. P. 


2 MTU OUYN N EAV TE YA TAINTA H 


iS 


: e = : 
= For All Purposes = = z 
: HORIZONTAL and VERTICAL = £ 3 
= POLYPHASE AND D. C. MOTORS—1 to 75 H. P 18 5 H. P., 28 poles, 250 = 
= SQUIRREL CAGE—Standard and with high resistance rotors for 2 = R. P. M., 3 phase, 60 S 
= Hoist and Elevator service. Z = cycle 220 volts = 
= SLIPRING MOTORS 1 to 75 H. P.—for Speed Variation (Machine = = Saut ic M = 
= and Fan Application). 5 Z quirre h age otor = 
- All Commercial Cycles and Voltage. = = Noiseless — 
= D. C. INTERPOLE MOTORS for hard usage 1 to 75 H. P. Sparkless = = = 
= Commutator at all times. S = en Factor at ee = 
A.C. to D.C. GENERATORS AND MOTOR-GENERATOR SETS—~ 2 = oe oul) load * Z 
Star Motors continue to live up to the high standard of = = * = 
workmanship and performance set for them many years ago. 2 = ; ° ° = 

i , aray ses = informati = 

5 Send for Bulletin relating to specific apparatus which interests you. = = Write for . rii = 
STAR ELECTRIC MOTOR CO. £ CHANDEYSSON ELECTRIC COMPANY : 

= Miller Street and N. J. R. R. Avenue, Newark, N. J. Mo. Pac. Ry. & Bingham Ave., St. Louis, Mo. = 
= = = = 
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10 Horse Power Century Automatic-Start Ingluc- 
tion Polyphase Motor 


Start Against Heavy Loads 


Century Automatic-start Induction Polyphase Motors are particularly recom- 
mended for refrigerating machines, compressors, pumps and similar machin- 
ery because 


They develop a static torque of not less than 225% of 
full-load torque. 


Starting current is always the same and does not exceed 
245% of full-load current. 


3 Adaptable to remote control or conditions where inter- 
mittent service requirements must be automatically 
controlled. 

Any standard approved single-throw switch may be used 
for starting. 

Regular operating fuses are in most cases large enough 
to effect a start. a 


Send for Bulletin No. 28. It is particularly valuable to anyone interested in 
motors for use in connection with machinery that is hard to start and operated 
by unskilled attendants. 

Built in all standard sizes from ½ to 60 


horse power. Temperature rise not more 
than 40° Centigrade. 


CENTURY ELECTRIC CO. 


1806 Pine Street, St. Louis, Mo. 
For More Than 22 Years at St. Louis 


Wto 60H. P. W to 60 H. P. 


MOTORS 
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CORRECT IT 
USE LE CARBONE CARBON BRUSHES 
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ALARAAALANODAO MO atta AALAND aor 


FOR EVERY 
LUBRICATING NEED 


ALALLA 
Audi addamddmddddmddddmudmmdmmmmdmmmmmmmmmamm 


Hay lil * 


COST MORE PER BRUSH 
COST LESS PER KW.H. 


15 YEARS 


Send for New Catalogue 


Inmmunm 


W. J. JEANDRON 
343 Madison Avenue, New York 
Pittsburgh Office: 634 Wabash Bidg. 


San Francisco Office: 525 Market Street 
Chicago Office: 1657 Monadnock Block 


Canadian Distributors: Lyman Tube & Supply Co., Led. 
Montreal and Terento 
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Aren't Your Motors 
Worth $3.25 


| —for their protection against oil, 
water and acids? Ask us to deliver 
to your plant a gallon of 


DOLPH'S ELECTRIC LACQUER 


THE NEW 
SEGUR COIL SPREADER 


Improvements have been made 
in Ert coil blocks, the end-sup- 


chine plicates the angular 

relation of the alot portion of 

the coil. The machine em 

ies the latest ideas in coil- 

forming equipment, and the 

setting-up time has been ma- 
y reduced. 


Write for data sheets em com- 
plete line, including 
taping machines, éte. 


ELECTRIC SERVICE SUPPLIES CO. 
17th and Cambria St., Philadelphia, Mon- 

e ee : ock 0 Chicago. Branches: New 
Showing Coil in Position Tork. Boston, Pittsburgh. Scranton, Detroit. 


Try this Black Fin- 
ishing Insulating 
Varnish. If satisfac- 
tory after 30 days 
trial send us $3.25. If 
not you owe us noth- 
ing. 


MARBLE-CARD 
D. C. and A. C. 
MOTORS 


Only require a minimum 
servicing. Have unusually 
long life. Help maintain 
maximum products, 


D. O. Machines up to 75 
H. P. with commutating 
polos. Get Bulletin No. 200. 
A. C. Machines up to 75 
H. P. All standard speeds 
and voltages. Get Bulletin 
No. 300, 


w loa Marble-Card Electric Company 


landard = GLADSTONE 


Air Dries in 30 
Minutes 


JOHN C. DOLPH CO. 
168 Emmet St. Newark, N. J. 
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NAI Induction 


are made with— 


ball bearings 
or roller bearings 
or sleeve bearings 


RELIANCE ELECTRIC & ENGINEERING CO. 


-1051 Ivanhoe Road, Cleveland, Ohio 


Branchgs 2 Boston New Vork Philadelphia Pittsburgh Chicago 
Detroit Cincinnati Birmingham, Ala. 


We specialize in motors ½ to 200 h.p. constant and 
* adjustable speed D. C.; squirrel cage and slip ring, A.C. 
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Hertner Charging Methods 


Mean Low Up- 
Keep Costs 


Quite as important as the selection of 
the proper trucks to do your work is 
the selection of the Charging Equip- 
- Ree R StS ment, to keep your trucks in perfect 
% ig. VAE operating condition. 


2 . I a A ee > T A". 


AS LA AN AIL VS OA ZA OANA 


Your plant conditions may be changing. 


Additional charging stations may mean economy for 
you. 


Correct charging equipment will mean current saved, 
time saved, batteries saved. 


Utilize the experience of our engineers—their advice is 
yours for the asking. 


a. Cow AY NAS ON 


Write us also for copies of our vari- 
ous Bulletins on Battery tee 


See.... 


„„ Ej HERTNER ELECTRIC COMPANY |B ul 


mb = IV. 113 th Street Cleveland Onio USA. 
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This “MARVEL” Portable Blower is designed for blowing dust and dirt 
RS, SWITCHBOARDS, MS, 


ELECTRIC BLOWER COMPANY 
352 Atlantic Avenue | = „Boston 9, Mass., U. S. A. 


IT PAYS to keep the windings of your electric motors 
free from dust, dirt and carbon, and thus prevent 
“shorts” and “burn outs”. The CADILLAC delivers a 
powerful blast of dry air at the correct pressure to 
clean motors and similar equipment without injury. 


INNIA eee 


We 


It reduces the fire risk and creates more healthful work- 
ing conditions, and has hundreds of uses in the power 
plant and factory. 


MITTIN LN ULL TL UC CO CO 


Amun 


It weighs but a few pounds, is complete in itself and 
operates from any electric light socket. 


Equipped with NORMA Precision Ball Bearings. 


Requires no oiling. 


Write for descriptive folder giving prices and testimony of 
prominent users. 


CLEMENTS MFG. CO. 
617 Fulton Street, Chicago, III. 
Canadian Factory: 76 Duchess St., Toronto, Ont. 


Export Department: 149 Broadway, New York City, N. Y. 
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CROCKER:WHEELER 


No cloak of mystery enshrouds the “why” and 
“wherefore” of the unfailing dependability of 
C-W Motors and Generators. Plenty of copper. 
Heavy frames. Old-fashioned thoroughness in 
manufacture. Lasting construction can’t be 
hidden. 

D.C. and A.C. Motors from % H.P. up. 


D.C. and A.C. Generators and Motor-Generator 
Sets from 100 Watts up. 


CROCKER-WHEELER ELECTRIC MFG. CO. 
AMPERE, N. J. 

; Branch Offices in 

Principal Cities 
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The First 15 
Sold 50 More 


N original installation of 15 Valley Motors 
was placed in the factory of the Lampe 
Shoe Company the middle of 1922. 


7 The work which these motors have to do 
consists of the pulling of line shafts, floors, 
and individual type shoe machine units. 
They run continuously all day long, and 
they are subject to. frequent considerable 
overloads. 


Since these motors were installed their per- 
formance has been so completely satisfactory 
that the management of this factory has in- 
stalled more than 50 additional motors and 
assures us that future motors will be 
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MOTORSEGENERATORS 
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Valley Motors. 
y 17 y 

CENTURY ARMATURE TESTER rents only saotha illustration s the 53 
satisfaction which buyers regularly get from ey 

Complete with all l testida „„ $40.00. Ball Bearing Motors. 
CENTURY ELECTRI MPANY The delivery of continuous power with unusual op- 
Manufacturers of . — and Haa att Taini Apparatus erating economy and complete operating satisfaction 

N. Y. is all in the day’s work for Valley motors. 


Before you buy or recommend another installation 
of motors, it will pay you to get all the facts about 
Valley Ball Bearing Motors. Write for descriptive 


Jeannin 
Single Phase 
Repulsion 
Induction 
Motors 


14 to 5 H. P. 


The Jeannin Electric Co. 
3 athe | 


booklet. 
Motor Division 
VALLEY ELECTRIC CO., ST. LOUIS, U S. A. 


Branches in Principal Cities 
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Will be sent ON TRIAL so 
You can Judge its Merits 


You can try a Hullhorst Mica Undercutter in 
your shop for ten days, and determine whether 
it is capable of doing the most efficient under- 
cutting, in quickest time, at lowest possible cost. 


ROLLER-SMITH 


TYPE GSD 


VOLT-AMMETER 


Simply write “on 10 days’ trial“ on your order and 
mail it now. Or we'll gladly send descriptive pam- 
phlets on our three types of undercutters, if you prefer. 


A combination instrument that 
you cannot afford to be without 


For the plant that wants trustworthy testing in- 

struments at the lowest possible cost — this 

ROLLER-SMITH Type GSD direct current Volt-am- 

meter is of inestimable values For all around general 

service in factories, laboratories and educational in- 
° stitutions this instrument is unsurpassed. 


The ROLLER-SMITH GSD instruments are recog- 
nized in every industry as much needed aids to efh- 
ciency. This GSD Volt-ammeter is a real combina- 
tion portable D.C. Volt-ammeter that takes up the 
space of only one instrument and yet costs much less 
than two separate instruments. Of convenient size, 
light-weight, rugged and—above all—accurate and 
reliable, it does double the work—for only a little 
more than half the investment. 


i ae een aakala iaaea Aa a aa E Te 


HULLHORST Mica 1 No. 6, $44.00 
Saves 75 to 90% of Time and Labor 


The Hullhorst Micro Tool Co. 


DEPT. 2 TOLEDO, OHIO 
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controllers, 


Ranges up to 750 amperes and 750 volts in a all sorts compensators, 


of combinations. 


The Type GSD Volt-ammeter and other Type GSD starters, 
instruments are fully described and listed in Bulle- trucks 
tin A-210. , 
Your copy is ready for you. Use the coupon. tractors, 
oe ° 9 e e f cars, etc. 
Over thirty years’ experience is be- Kar 


hind every ROLLER-SMITH product” 


5 Tida 


Trigger- Locle Fingers 
with renewable tips. 


Contact worn out? Costly renewal 
necessary? This is often the case 


Main Office: 
229 Broadway, NEW YORK 


a T aL TO i ieii i 


Bethlehem, Pena: 


- Atlanta Cleveland Memphis Salt Lake City > A 

Banoe paiar Monrreal sen Francisco with the ordinary finger, but not 1 
ethlehem enver ew Haven eattle ` i . 1 

Birmingham Detroit New Orleans St. Louis with the Trigger- Lock Finger. l 

Boston Havana, New York. St. Paul carries a tip which is easily and 
uffalo noxville iladelphia oronto ° e e 

Chicago Los Angeles Pittsburgh Washington quickly reversed without removing 


the finger from controller. The fin- 
ger has a spring action, a more deli- 
cate contact, giving reduced wear 


Request for Roller-Smith Bulletin A-210 


MAMMA TAANOA AUNOA DNA VOR ANARAN NEED ovatae saatta o tarot eaa aoaaa onnoenrooaeonen aan ooan ta ort EES STOSAED ENN OOOO TEOOE ROTI 


Ie EA AAE Cah AAE E AOAN 8 on all the controller segments. 
E T EERE EN ³o⅛m hte A sees Learn about the many advantages of the 
Trigger-Lock Finger. Let us mail you 
Cimpa a ³·ꝛ¹·¹-¹AA ⁰ eh co valuable, illustrated catalog. R-28 
Chicas NORA AAE NAE ³ 8 RUSSELL MANUFACTURING CO. 
814 Bath Avenue 232 Westmount Drive 
Rae etry are ce oar me eee Serer arene NIAGARA FALLS, N. Y. TORONTO, CANADA § 
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It’s the Polish on 
the business side 
of the reflector 
that puts the light 
where you want it 


And the Thompson Safety Lowering Switch solves the 
reflector cleaning problem. It enables the work to be 
done on the ground easily and safely. How? Get 
Catalog B-25 for details of this inexpensive device. 


The Thompson Electric Co. 
a W. 9th St. Cleveland, O. 
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6 STYLES 
Ceiling Fixtures 
Wall Brackets 


Floor Fixtures 
Bench Fixtures 
Machine Fixtures 
Portables 


If your production is falling off and your 
employees are listless and indifferent— 
look to your lights! Good light—local- 
ized light—is an essential of greater 
production. 

American Adjustable Fixtures, furnished with 
either standard flat brackets or conduit fixtures, 


are the real solution to the problem of Better 
Industrial Lighting. 


Write now for our new catalog. 
AMERICAN FIXTURE COMPANY 
232 W. Water St. Milwaukee, Wis. 
pe UU TT TTT TT ee PU PUSH PUT OT CTT TT eET TTT E. 
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Showing ease 
of removing 
Reflector 
Two - Piece 
R. L. M. ABo- 
lite by simply 
compressing 
Springin 
Neck. 


Shallow Dome 
ABolite for wide 
angle dis- 
tribution or 
general 
outdoor 
lighting. 


Deep Bowl 
ABolite for 
concentrated 
light directly 
below reflector. 


Angle Bowl 
A Bolite for 
use where nei- 
ther the R.L.M 
nor the Deep 
Bowl are prac- 
tical. An ideal 
unit for win- 
dow aand sign 
lighting. 


Just as easy to change as it looks 
with the added advantage of hav- 
ing the proper illumination for 
each and every industrial require- 
ment. 


Our Catalog shows many other 
ABolite types of reflectors. Just 
ask for E-178. 


A B Products Division 


The NATIONAL SCREW & MFG. Co. 
Cleveland, Ohio 
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The Peace Pact 
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at Locarno — 


forever bans war by setting up a safety zone 
between two traditional enemies. Neither 
can cross the dead line” without bringing 
to the other’s aid the arms of great neutral 
nations. 


Why not a safety zone in industry beyond 
which the seller may know he cannot go with- 
out penalty of loss? 


If every manufacturer who sells to industry 
would set up a safety zone which would 
clearly mark the border between profitable 
and unprofitable selling, he would take a step 


İndustrial 
Selling? 
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as momentous to his own business as Locarno 
is to world peace. 


The McGraw-Hill Four Principles of Indus- 
trial Marketing are industry’s safety zone. 
They safeguard profits as surely as the new 
Rhine barrier insures peace. 


1926 is approaching. Some manufacturers will 
enter it with sales plans based on hunches. 
Others will enter with markets determined 
and programs outlined that will produce sales 
at the lowest cost. 


Which plan will you follow? 


Safety Lone 


December, 1925 


F YOU ELECT to apply the McGraw-Hill 
Four Principles of Industrial Marketing, 
here are the steps to take: 


1. Market Determination. Study each mar- 
ket for your product. 
tial. Determine which industries are the 
profitable ones to cultivate. The place to 
start is with your own books. Classify 
your sales by natural buying groups. 
Then compile data on each industry in 
which your product can be used. Com- 
pare the two and you will see clearly 
where your biggest opportunity lies. 


2. Buying Habits. Study the buying habits 
of the industries you decide to sell. Find 
out who are the buyers and how they 
buy. This will save the expense and 
wasted effort of “barking up the wrong 
tree.” 


3. Channels of Approach. Having located 
the real buyers direct your selling on 
them. Support your sales effort with 
advertising in the publications which 
have the greatest influence with these 
buyers—the ones they look to for in- 
formation. 


4. Appeals that Influence. Don’t talk gen- 
eralities in your advertising. Talk shop 


This advertisement is the seventh of 
the series which is appearing in the 
New York Times, Philadelphia Public 
Ledger, Pittsburgh Gazette-Times, Chi- 
cago Tribune, Cleveland Plain Dealer, 
Detroit Free Press, Chicago Journal of 
Commerce and New York Herald-Trib- 
une; in Printers“ Ink, Advertising and 


Weigh its poten- 


INDUSTRIAL ENGINEER 


in the buyers’ own language. Tell them 
how your product will increase the pro- 
ductiveness of their plants or will reduce 
costs. Performance facts are what in- 
terest them most. 


Here you have a plan for successful selling 
which is simplicity itself. There is no patent 
on it, for the McGraw-Hill Four Principles 
of Industrial Marketing are plain common 
sense, coded and applied to the job of selling 
to industry. 


1926 1s approaching. If you want to apply 
the McGraw-Hill Four Principles of Indus- 
trial Marketing to your 1926 program, follow 
the above formula. If you need guidance, the 
McGraw-Hill Company may be able to help 
you. Obviously we cannot develop sales 
plans for many, but we can supply informa- 
tion and suggest methods which will make 
simpler a manufacturer’s own plan building. 


Fifty years of intimate contact with industry 
have given us a knowledge of markets and 
buying habits which is proving of great value 
to many manufacturers. 


1926 is approaching. If we can be of service 
to you, please feel free to call on us. Our 
book “Industrial Marketing” will give you a 
good start. It will be sent gratis to any 
manufacturer who sells to the industries 
covered by the Mc-Graw-Hill publications. 


Selling Fortnightly, Class, Sales Man- 
agement, and in the McGraw-Hill Pub- 
lications. The purpose of these ad- 
vertisements is to arouse a national 
appreciation of the need for improving 
industrial sales efficiency, and to 
awaken a keener interest in the cor- 
rect principles of industrial selling. 
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W-HILL COMPANY, inc, NEW YORK, CHICAGO, PHILADELPHIA. CLEVELAND. ST. LOUIS, SAN FRANCISCO, LONDON, PUBLISHERS OF 


Mc GRAW-HILL PUBLICATIONS 


REACHING A SUBSTANTIAL MAJORITY OF THE POTENTIAL BUYERS IN THE INDUSTRIES THEY SERVE 


Electrical Industrial Overseas Construction & Civil Engineering 
ELECTRICAL WORLD POWER. AMERICAN MACHINIST AMERICAN MACHINIST ENGINEERING NEWS-RECORD 
JOURNAL OF ELECTRICITY CHEMICAL & METALLURGICAL (EUROPEAN EDITION Transportation 
ELECTRICAL MERCHANDISING ENGINEERING INGENIERIA INTERNACIONAL ELBCTRIC RAILWAY JOURNAL 
INDUSTRIAL ENGINEER BUS TRANSPORTATION 


Mining 
ENGINEERING & MINING JOURNAL PRESS 
COAL AGE 
Radio 


RADIO RETAILING 
RADIO TRADE DIRECTORY 
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Sand Runways 
without stopping 
the crane— 


Do It Economically With 


THE LINTERN ELECTRO 
MAGNETIC SANDER 


The old hand-and-bucket method of sanding is 
dangerous and costly. By means of this modern 
sander you sand vour tracks on the instant and 
actually prevent skidding, wheel spinning and 
those strains to crane and runways that mean ex- 
pense—you bring safety into sanding in its highest 
degree—you keep your cranes in continuous 
operation. 

The Sanders are operated by an N-L Momentary 
Contact Switch (by hand or foot) located in the 
operating cage of the cab. When pressure is re- 
moved, the sander valves automatically and 
immediately close. 


Your request will bring our details. 


THE NICHOLS-LINTERN CO. 
7960 Lorain Avenue Cleveland, Ohio 


Represented in Canada by Railway & Power Engr. Corp. 
Toronto, Ontario 


Vol.88, No.12 


t 


ay? 


Here Is Insurance 


Against Costly Shut-Downs 


Insurance—because there are no shut- 
downs from panelboard trouble when 
O Panelboards are on the job. G 
Panelboards could be built no better 
for your specific requirements if they 
were constructed according to your 
plans—and cost entirely disregarded. 
Every O part is extra heavy, with an 
over amount of service built in. Every 
part is standardized. All work possi- 
ble is done in the factory and & 
Panelboards are complete when 
shipped. Installation costs are thereby 
lowered and & Panelboards actually 
cost you less. 


THERE IS A TYPE FOR YOU 


Let us tell you about it. 
Write for details, descriptive 
O catalog full of panelboard 
information and complete es- 
timates. All furnished free! 


Frank Adam 


ELECTRIC COMPANY 


ST. LOUIS 
DISTRICT OFFICES 


Atlanta Minneapolis 
Baltimore New Orleans 
Boston New York City 
Chicago Philadelphia 
Cincinnati Pittsburgh 
Dallas Portland 
Denver Soattie 
Detroit San Francisco 
Kaneas City Winnipeg 

Los Angeles London, Ont. 
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Let’s TODD PROCESSES 


E 
E d are especially adapted to the manufacture of insu- 
a i lating varnishes. By its use deleterious substances 
are removed that cannot be taken out by other f 
— methods. i 
semis -s Varnishes are unusual because of 
Ae) elasticity combined with mechanical 
— strength = 
endurance when exposed to service condi- 5 
tions : 
uniformity year in and year out 
low cost due to the application of modern : 
FREE production methods E 
he shes eS Cote 
catalog of insulations. Al we Avoid substitution, make sure that each package | 
at you state on your re- 
quest what company you are | bears the mark Todd Processes as well as the 


haa company letterhead. 


word Sterling. 
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al THE STERLING VARNISH COMPANY, eee 


— Varnishes and | Finishing Enamels 
our specialty 
COIL VARNISH MOTOR FINISHING ENAMEL 


CLOTH VARNISH FLAT BLACK ENAMEL 
CORE PLATE VARNISH TRANSFORMER PAINTS 


Impregnating Compounds and Reducers 
Baking Enamels for finish and durability are not excelled 
Impervious Varnish Company 
General shoo ran Pa. Yo — Penna. 
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N TRADE, Ann 


EST. “1857 
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Mathias LEIN: & Sons 
Chicago I USA 
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These books make 


promotion sure 
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Nec Amn ELECTRICAL 
Laktat dünnen Mang 


reasons 
why you should 
examine these five 
books on electrical 
maintenance and repair 


The five books in this library discuss actual 
repair jobs and show you step by step what 
to do when anything goes wrong. 

They show you how to locate and remedy 
motor and generator troubles. 

3. They show you how to reconnect motors to 
meet any condition of voltage, phase, fre- 
quency and speed. 

They give you suggestions for preventing elec- 
trical machinery troubles. 

They cover fully the rewinding of motors. 
They present information that will help you 
get better service out of your electrical equip- 
ment. 

They give you tables, data, kinks and dia- 
grams that you will find of priceless value 
every day on every job. 


Free examination — no money down— only 
$2.00 in ten days and $2.00 a month until paid 


Fill in and mail the coupon attached and we will send you 
the entire set of five volumes for ten days’ Free Examina- 
tion. We take all the risk—pay all charges. You assume 
no obligation—you pay nothing unless you decide to keep 
the books. Then $2.00 in ten days and the balance at the 
rate of $2.00 a month. Send the coupon NOW and see the 
books for yourself. 


FREE EXAMINATION COUPON 


McGraw-Hill Book Co., Inc., 370 Seventh Ave., New York. 


Gentlemen:—Send me the Library of Electrical Maintenance 
and Repair, all charges prepaid, for 10 days’ Free Examina- 
tion. If satisfactory I will send $2.00 in ten days and $2.00 
a month until $14.00 has been paid. 
write for shipping instructions, 


If not wanted I will 
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— rr 


City and State 


Firm or Employer . =t 


Occupatlon . 12-1-25 ? 
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DRAGOMAN 


No one in Egypt gives you a more hearty welcome 
than the dragoman. 


He knows all languages, has melodramatic descriptive 
qualities and loves newcomers in direct proportion to the 
1 a they spend at the bazaars (on which he gets 
10%). ; 

He’s a wonderful man while he keeps up his chatter, 
but your cold-grey-dawn analysis of him is that he’s a 
big humbug. 

Talk is a wonderful thing, properly handled, and it 
sells a lot of funny carbon brushes. 


Morganite brushes, however, are not sold under the 
2 of a spiffy story or through the din of a hearty 
augh. 


They are sold solely on performance and they them- 
selves must deliver the sales arguments. 


Morganite engineers prescribe a type of Morganite to 
fit the service exactly. 


That type must save money for the user. If it doesn't 
then—But why continue, it must and it does. 


That’s that. 
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Main Office and Factory 
519 West 38th St., New York 


‘DISTRICT ENGINEERS AND AGENTS 


Pittsburgh, Electrical Engineering & Mfg. Co., 909 Penn Ave. 

Cincinnati, Electrical Engineering & Mfg. Co., 607 Mereantile 
Library Building. 

Cleveland, Electrical Engineering & Mfg. Co., 422 Union Building. 

Baltimore, O. T. Hall, Sales Engineer, 1926 Edmondson Ave. 

Revere, Mass., J. F. Drummey, 75 Pleasant Street. 

Los Angeles, Speeial Service Sales Co., 502 Delta Building. 

San Francisco, Special Service Sales Co., 202 Russ Building. 

Toronto, Can., Railway & Power Engineering Corp., Ltd., 101 
Eastern Avenue. 

Montreal, Can., Railway & Power Engineering Corp., Ltd., 326 
Craig St., West. 

Winnipeg, Can., Railway & Power Engineering Corp., Ltd., P. O. 
Box 325. 
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— For Deep Set Celling Lights, 
10” to 24”, 
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' For Dome Reflectors, 10” to 


No. 91—Cone or Parbolic 288, depth Styles Nos. 280 to 298, depth 
Shade. 6” to 18” diam., 1-3 diam., 12” to 24”. 1-4 diam., 6” to 16” diam. 
2” to 5” depth. With or without locks, With or without locks. 


You can now get Morse Guards 
for industrial lighting reflectors 


Our line of lamp guards has been expanded to include heavy, well 
made guards for dome reflectors and ceiling lights in mills, rail- 


Style No. 5i—Heavy Ceiling Guarde 
Made with detachable flat iron rings. 
Also made with hinge and haspe 
8” to 22” diam. 5” to 16” depth. 


roads, industrial plants, etc. ý 
ro All guards are made so rigid that when fastened around the re- 
Ss N flectors they are as strong and solid as part of the reflector itself. 
A DA | Bin 27, i N 1 1 iti and hasps are furnished on all wire guards for ceiling 
4 874, Our regular stock guards fit any style reflector from 6 inches to 
pih Send 4 f 24 inches diameter and from very shallow depths up to 18 inches. 
ena today jor e 
dur catalog ] Special guards made to order. 
Guarda” Deta 1-3 dam; hee price list. Frank W. Morse Company 
to M”, Heavy ‘with hinge, eto, 289 Congress St., Boston, Mass. 
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Aurand Commutator Slotter 


L. llc 


Saves Time 
Saves Labor 


Saves Expense 


Undercuts mica in a fraction of the time it tak 
l es to d 
the job by hand. RS 


Follows the line of mica and will operate over ridges. 
Cuts smooth to a uniform depth. Eliminates the necessity 
of removing armature and placing in a lathe, saving time 
and attendant danger of damage. 


Made in two models 
“The Aurand” for large commutators and heavy duty. 


“The Aurand, Jr.” for small commutators and light duty. 


Hand operated, motor driven, ortable, Uni l 8 
nished for 110, 220, 250 or 275 volt services, e 


I 

“MEG” | 

Insulation 
Tester | 


Engineers who “Megger” tell us that the “Megger” Method is the 
best way of checking the condition of electrical equipment and of 
preventing unexpected breakdown. 


The “Meg” Insulation Tester is our newest and most convenient 
device for the purpose. It is inexpensive and reliable. You 
merely connect one terminal to ground and the other to the con- 
ductor of a motor, generator, wire, transformer or cable, turn - 
the crank at about 120 r.p.m. and read the scale—no calculations. 
Anyone can perform the test; and it gives information which 
cannot be obtained as easily in any other way. 


eee 


OTHER GREEN EQUIPMENT 


The “Meg” is a “Megger” of small size and light weight which 
generates 500 volts d.c. and reads up to 100 megohms. Try it and 
you will find, as many others have found, that it pays for itself 
very quickly. 
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ACME Armature Washing L. & H. Turning and Grind- 


: i : Fluid ing Tools 
The “Meg” is housed in a neat aluminum case as 


shown, it stands 64“ high and weighs 6% Ibs. Price 


including canvas carrying case $135, f. o. b. Philadelphia. Just drop us a line and we will tell 


you all about our Free Trial Offer. 


Green Equipment Corporation 
330 So. Dearborn Street Chicago, Ill. 
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Write for Pocket Manual 1060-E: Concerning Insula- 
tion Testing With Special Reference to the Meg“ 
- JAMES G. BIDDLE 1211-13 Arch, Street 
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PORTABLE 


Precision in 


ELECTRICAL MEASUREMENTS 


Weston Model 433 
Portable V oltmeter 


Fr REQUENTLY power losses 
and breakdowns occur at re- 
mote points and at inopportune 
times—yet it is possible to take 
anywhere—accurate, dependable 
testing equipment for thorough- 
going measurement in the field— 
Weston Juniors. 


Weston Junior Portable Instru- 
ments consists of Voltmeters, 
Ammeters and single phase Watt- 
meters, of a small convenient 
size. They are contained in 
Bakelite cases meant for rough 
handling yet light and compact. 


Engineers use Weston Juniors 
with the same dependence upon 
their precision and long-life as in 
the larger instruments. 


Weston Model 432 
Portable V oltmeter 


For further information address 


WESTON ELECTRICAL INSTRUMENT 


CORPORATION 
136 Weston Avenue, 


Newark, N. J. 
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but Unaware 


HE. insidious thing about unsterilized 

wiping rags is that their lurking danger 
cannot be seen. There may be millions of 
disease carrying germs in the folds of the 
whitest wiper—if it has not been properly 
treated—ready to attack any minor cut or 
injury. Your workers pay the toll with lost 
members or disease; and the consequent 
disrupted working forces make your pro- 
duction costs soar. 


Kleen Kwality Kloths 
Sterilized, Lintless 


Kleen Kwality Kloths are sanitary—and lintless too. 
They are washed in chemicals, boiled in live steam an 
then baked at 225° F. That's the reason they are as 
sterile as hospital gauze. You can get these wipers in 
any quantity, from 10 lb. packages to 1,000 lb. bales. 
Specify them—they cost no more. 


AARON FERER & SONS 


ST. LOUIS 


Branches in main indus- 
trial centers of U. S. A. 


fi This mark is Your 
Guarantee of Steril- 


ization. Demand It! 


| 
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Little Giant 


` 
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Look beyond the motor 


Consider what a motor represents in conduit fittings, in switches, 
in starters, in wiring supplies, in line shafts, belts, chains, hang- 
ers, bearings, etc. 


The motor is truly a gauge to a considerable market, and it is 
your problem to reach this market and tell your story to the 
operating men in the industrial plant. But reach the right men, 
the men who are responsible for the selection and operation of 
the electrical and mechanically related equipment. 


Industrial Engineer will take your message to the right men 
once a month. Consider it as a part of your organization. 


a 


Forms for the January 
issue close December 20th 


INDUSTRIALENGINEER 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


A MeGraw-Hill Publication, AB.C.—AB.P. 7 South Dearborn ., Chicago, IL 


December, 1925 
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Drilling 
through concrete 
with a pneumelectric 


The purchasing agent of a western factory writes us 
as follows: 


“We are entirely pleased with the service that we 
have received from Tirex Portable Cord so far and 
from all appearances this cord will last indefinitely. 
We have made up our mind to specify Tirex here- 
after for all the portable cord used in the factory.” 
On drills, grinders and all portable tools—Tirex does 
the job well and lasts a long time. It saves time be- 
cause the tool is always on the job. 


Sharp edges, rough ground, oil, grease or moisture 
have no appreciable effect upon TIREX ALL-RUB- 
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firex 


Portable Cord 


for every electric 


drilling need! 


BER PORTABLE CORD. Tirex will stay on the 
job until the job is finished and will come back to the 
tool-room ready for more work. Send today for sam- 
ples and prices. 


If you are an electrical engineer, contractor or wire- 
man, you need the Simplex Manual to help you in your 
daily work. The Simplex Manual contains, in addi- 
tion to information regarding Simplex Products, 
tables and data for ready reference. One hundred 
sixty-four pages of valuable, condensed information— 
and it fits right into your pocket. 


For convenience, Use the Coupon. 


SIMPLEX WIRE & CABLE Q 


THE Sin, MANUFACTURERS 
PL Ey 201 DEVONSHIRE ST., BOSTON 9 
CHICAGO SAN FRANCISCO NEW YORK 


Simplex Wire & Cable Co., 
201 Devonshire St., Boston, Mass. 


Gentlemen :— 
Please send me the Simplex Manual. R 
Please send quotation on Tirex Portable Cord. U 


e,, r A ere eres s 


Address 
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“ELECTRODUCT”— 
a favorite with the men ! 


The fellows like Electroduct because 
it is smooth and easy to handle. 

It is smooth because it’s a National 
Tube Co. scale free pipe. And being 
smooth before being enameled—it’s 
smooth afterwards. It’s easy to han- 
dle because of its special acid and 
alkali resisting coating of enamel both 
inside and out. Electroduct fishes, 
bends and cuts easily—and has clean 
perfect threads. Try it yourself. Let 
us send you a sample. 


American Circular Loom Co. 
90 West Street, New York 


Chicago Pittsburgh Boston 
Portland Los Angeles Atlanta 
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5 SUPERIOR INSULATING QUALITIES 
TAPES 
INSULATING 


Awebco Brand Tapes 
and Webbings make 
better insulation be 
cause they are most 
closely woven, are uniform in 
texture and free from defec- 
tive spots or flaws. 

pa Free 
Use our sample book as your guide in choos- 
ing suitable weights and styles of insulation 
tape. 


Sample Books sent on request. 


Anchor Webbing Company 
300 Brook Street, Pawtucket, Rhode Island 
a New 5 5 Cleveland, Pittsburgh, St. Louis, etc., eto. 
— eee, 


| SALAMANDER WIRES and CABLES 


The highly desirable finish on Salamander wires 
and cables is only obtained by using long asbestos 
fibres. These fibres do not require a cotton thread 
as a carrier during the insulating process, there- 
by avoiding the tendency of opening. 


Y a 8 


The why and wherefore of the acceptance of 
the Dossert line of connectors is summed up 
in the Dossert Tapered Sleeve principle. 


This principle made possible the safe use of 
solderless connections. 


Write for the Dossert 20th Year Book, showing 
the complete line. 


The resulting Salamander insulation gives a 
smooth, hard, continuous wall. 


Dossert & Co. | York Insulated Wire Works 


242 West 4lst Street 5 of General Electric Co. 
New York, N. Y. : g York, Pa. 120 Broadway, N. Y. C. 
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This automotive starter brush is equipped 
with Belden Stranded Cable. Belden 
Cables are used extensively by brush manu- 
facturers who demand extreme flexibility 
and uniform quality of production. 
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Use Belden Copper Cables 


Stranded or Braided 
For SWITCHES~—GENERATORS—MOTORS 


spool? Magnet ELDEN Copper Cables are made of soft annealed 
Belden Wire copper strands. The number of individual 
Belden facilities for manufac. strands vary from 24 to over one thousand in a 


turing magnet wire permit an single cable, the larger number of strands being used 
output exceeding 200,000,000 


feet of magnet wire each week. for extreme flexibility. 
The entire manufacturing pro- aaa j i 
cess from wire mill to enamel- Belden facilities for manufacturing these special cables are ex- 


ing or insulating, is carried on tensive and complete, and inquiries are solicited from manu- 

P ö facturers, electric railways, and other users of stranded and 
dee ea ey extensively braided flexible cables. Complete specifications and prices will 
cotton insulation, for rewind- be furnished for any type of cable, on request. 


ing motors and generators. Our 


engineering data book on Beld- 
enamel wire 5 the iep 8 4 Seas 3 
and advantages of Beldenamel, Mail the Coupon ＋ 4 Chi "Illi j 
Cotenamel, and Silkenamel, ary cago, nois 
and contains e ag for 2 Kindly send 35 1 
neering curves and tables. Sen erature on Belden flexible 
for it, TODAY! Engineering Data 85 cables. Also enclose your en- 
bed ineering data on Beldenamel 
gnet Wire. 
„ . — — — : ; Name...... CCC 
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Put American Magnet Wire, enameled, 
cotton or silk insulation, to the test, 


8 — just once, and you will see why indus- 

The insulation vite "Ancien Me w always specify this 
makes all the Z The American Enameled 
difference in : — nich” 
the world. l AMERICAN 

z MAGNET 

z Repeated checking at every step in its : WIRE 

= manufacture assure you that Maring £ e ee ee 

i Wire is insulated for keeps. Send for = Prane 

: sample. ; real economy 

: TM AANNAME 

f _ | BARE AND INSULATED WIRES 

: £ “OK” Weatherproof Wire 

> : “Parac” Rubber Wire 

e- : Slow Burning Wire 

: : Bare Copper Wire 

= 

: : 

= MARING WIRE CO. PHILLIPS WIRE COMPANY 

! Muskegon, Mich. z Pawtucket, R. I. 

ͤ— — anuara TT | 


gn mmm un ARNONI itn 
WORCESTER BLEACH & WORKS CO. 
ESTABLISHED 1861 


Bleachers, Dyers and Mercerizers of Cottom Yarns and Warps 
Winding on Cops, Tubes or Cones 
Manufacturers of Cotton Yarns in Fast Colors 
Glazed Cotton Yarns 

“Sewing and Stitehing Threads for All Industries” 
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A-1 MAGNET WIRE 


Plain Enamel, Single Cotton Enamel, 
Single and Double Cotton Covered. 


“AMERICAN BRAND” 


Weather-proof Copper Wire and Cables 
Slow Burning (Und.) 
Weather-proof Iron Wire 
Slow Burning Weather-proof Copper 
Wire and Cables 


Bare Copper Wire and Cables 


Aai ts 
r o aa a a 
W 


Home of Silkslip Braider Thread 
WORCESTER, MASS. 
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= 
Coil making machines offer the latest in mod- 3 
ern equipment for coil making. | 


Are representative of the highest principles in 
manufacturing and merchandising in the wire in- 
dustry. 


American Insulated Wire & Cable Co. 
Chicago, Illinois 


Our machines are the simplest and less expen- 
sive and are being used by thousands of con- 
cerns throughout the world. 

Our trial offer will prove the above facts. 


Complete information on request. 


~ 


= -e ARMATURE COIL EQUIPMENT CO. 
WEATHERPROOF WIRE AND CABLES Manufacturers 
HAS NO EQUAL 2415 Forestdale Ave. Cleveland, Ohio 
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Consider he Life of the Wire 


Industry is depending more and more on PARANITE for 
wiring requirements. 

The reasons are simply that PARANITE insulation con- 
tains a liberal allowance of rubber and is “better than 
code requires.“ Economy is always an outstanding result 
where PARANITE is used from handling to the finished 
job. Give quality full consideration and make certain that 
PARANITE is used in those next wiring jobs. 

Let us send you PARANITE samples. We give prompt 
service at all times. 


INDIANA RUBBER & INSULATED WIRE CO. 


Jonesboro, Indiana 
Marquette Bldg., Chicago Walter I. Ferguson & Co. 


63 Vesey St., New York City 5 . M 
ansas City, Mo. 


If it’ S Western Representative 


ARANIT E. 


9 


its right 
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This Catalogue 


Sent on 


Get Your Copy by 
Clipping Coupon 


The new WIREMOLD CONDUIT SYSTEM CATA- 
LOGUE AND WIRING GUIDE which gives complete 
practical installation information for installing WIRE- 

on the various kinds of wall and ceiling con- 
struction will be gladly sent on request. 


Wiremold is the established standard for surface wiring 
and is inexpensive to buy—easy to install and makes 
a sturdy good looking job. 


Get acquainted with Wiremold Conduit and you'll be 
surprised of its advantages over old methods. 


Approved by Underwriters Laboratories and Associated 
Factory Mutual Fire Insurance Companies—carried in 
stock by leading electrical jobbers. 


The American Wiremold Co., 
Hartford, Conn. 


Please send me catalogue and Wiremold Sample. 


C Check here. 
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_ cutouts for motors up 


“CIRCLE T” 


“R. M.” TYPE SWITCHES 
for motors up to 7 H. P. 


Mr. Engineer: 


Our R. M.“ line of motor starting switches is 
the lowest priced line on the market which will 
give you the service required in the Industrial 


Plant. 


Fig. | shows the 
two position mo- 
tur starting 
switch which 
short circuits the 
fuses while motor 
is accelerating. 
For motors up to 


> H.P. 


Fig. 2 shows the 
R. M. type with in- 
verse time protective 


to 7⁄2 H.P., 440- 
550 V. 


No. 93361 (Fig. 2) 


Fig. 3 shows the 
fusible type for 
small motors which 
can be thrown di- 
rectly on the line 
with fuses in circuit. 


No. 92321 (Fig. 3) 


Circular No. 2 describes in full our com- 
plete line of Motor Starting Switches. 


THE TRUMBULL ELECTRIC MFG. CO. 
PLAINVILLE, CONN. 


NEW YORK : SAN FRANCISCO 
114-118 Liberty St. 595 Mission St. 


CHICAGO 
2001 W. Pershing Road 


Boston Jacksonville Philadelphia 
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Armatures that bake longer last longer — 


Thoroughness pays in overhauling armatures and coils, transformers, etc. A few 
hours added to the baking schedule will pay big dividends in longer life of the 


equipment. 


New fangled ideas of doing just as good 
a job in less time with some fancy product 
that somebody has to sell will stand a 
thorough investigation. And an analysis 
will generally prove that instead of being 
better it is of poorer quality than claimed. 


You can rest assured that in the twenty 
years since 1905 when Irvington started 
serving railways, mines and industrial 
plants, this company has looked after the 
best interests of its customers by con- 
stantly improving its product where it was 
possible. 


Irvington Varnish & Insulator Co. 


Irvington, N. J. 

Sales Representatives: 
Mitchell-Rand Mfg. Co., New York Prehler Bros., Chica 
T. C. White El cal Supply Co., St. Louis Consumers Rubber co Cleveland 
E. M. Wolcott, Rochester Clapp & Lamoree, Los Ange les 


Martin Woodward, Seattle F. G. Scofteld, Toronto 


Today the Irvington Varnish and 


Insulator Company is the largest ` 


producer in the World of flexible 
varnished insulation. The qual- 
ity and performance of Irvington 
Products no longer rests on 
claims or theoretical tests but on 
the long practical experience of 


leaders in electrical industry who 
have specified “Irvington” con- 
sistently during the past twenty 


years. 


Such established standards of 
quality constitute a real safe- 
guard. Write for the Irvington 
Insulation Book. 
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Ask your Master Mechanic 
this Question 


If all the gears and pinions you broke 
or wore out last year had lasted four 
times as long, how much would you 
have been ahead today? Remember, 
Nuttall BP Gears are guaranteed to last 
four times as long as the ordinary kind. 


aie pe wp RDNUTTALL COMPANY ounce Office: 
e Bids PITTSBURGH js PENNSYLVANIA “ssw 


Canadian Agent 
Lyman Tube & Supply Co., Ltd. 
Montreal and Toronto 
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America’s greatest producer of cop- 
per conserves commutators with 


IMPERIAL Commutator Stones 


This is one of the hundreds of huge industrial plants where Imperial 
Commutator Stones are effecting a saving of from three to twenty 
times their cost by keeping commutators in proper working con- 
dition, avoiding delays, shutdowns and expensive repairs. 


To eliminate sparking, ridges, high bars, high mica or flat spots, use 
Imperial Commutator Stones regularly. 


—— — — — — — — — — — — — — — — — — — — — — >- 


RIA F Fill in and mail to 
— ¼́ↄ⁵ .... ͤ—„-— — new 16-page Catalog 
Address (No. 6). 


Immediate Delivery MARTINDALE ELECTRIC co., 11709 Detroit Ave., Cleveland, Ohio +” 
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The Searchlight Section 
of This Paper 


is devoted exclusively to the advertising of idle used and surplus new 
equipment, and all other business Opportunities“. 


Buyers and others consult “Search- 
light” ads for what they want. 


You can reach them quickly and at small cost through an advertise- 
ment in the Searchlight Section. 
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American 


Two American Transformers 
similar to the unit below de- 
liver high current at low volt- 
age for this furnace. 


29 Go we Ned \ ae 
neee 
8 ll > * - * * - 
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Ir 


Again, the Ultimate 
Solution! 


When the Hermas Machine Co., Haw- 
thorne, N. J., built the new hydrauli- 
cally operated furnace illustrated the 
transformer problem involved was one 
embodying many conditions with which 
transformer manufacturers in general 
could not cope. 


For more than twenty-three years, however, 
the American Transformer Company has been 
building successfully, transformers for just 
such special applications as was required in 
this instance. The high efficiency and reliability 
which these furnace transformers are giving 
is characteristic of American Transformer in. 
stallations. 


In mills, foundries, and in general industrial 
plants all over the country there are American 
Transformers which are delivering the best of 
service and long uninterrupted operation in all 
kinds of work because they are correctly de- 
signed to meet the requirements of the particu- 
lar process in which they are utilized. 


Perhaps right at this minute you have a special 
problem that requires careful attention and in- 
volves economical utilization of power. 


Whatever your needs, it will pay you to get 
the benefit of our experience.. No obligation. 
Just address the company. 


For your information we shall gladly 
send you Bulletins 1025 and 1030 
which describe some of these trans- 
formers. 


AMERICAN TRANSFORMER CO. 


178 Emmet Street, Newark, N. J. 


ans for mens 
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WHAT AND WHERE TO BUY 


Equipment, Apparatus and Supplies Advertised in this Issue with Names of 
Manufacturers and Distributors | 


Prospective purchasers in the electrical-mechanical market are 
invited to apprise us of their needs, assuming, of course, that 


INDUSTRIAL ENGINEER 


the articles sought are not 


listed here. 


7 South Dearborn St. 


Chicago 


Oo yee ee ee I a 


Air Compressors 
Allis-Chalmers Mfg. Co. 


Air Filters 
Midwest Air Filters, Inc. 


Ammoters, Voltmeters 

(See Instruments, Biectri- 
cal.) : 

Coll Spreaders 

Armature Coil Equipment 
Co. 

Mutual Foundry & Ma- 
chine Co. . 


Cell Winders 
Armature Coll Equipment 
Co. 

Mutual Foundry & Ma- 
chine Co. 


Armature Repair Machin- 
atara Coil Equipment 
Co. 

Blectric Service Supplies 


Co. 
Mutual Foundry & Ma- 
chine Oo. 


Batteries, Dry 
National Carbon Co. 
Western Hlectric Co. 


Battery Charging Appears- 


tus 

General Blectric Co. 
Hertner Blectric Ce. 
Westinghouse Elec. & 
Mfg. Co. 


Bearings 


Ball 

Fafnir Bearing Co. 
Norma-Hoffman Bearings 
Corp. 

Torrington Co. The 
Reoler 

Dodge Mfg. Corp. 

Hyatt Roller Bearing Co. 
Norma-Hoffmann Bear- 
ings Corp. 

Timken Roller Bearing 
Co., The. 


Metal 
General Dlectric Co. 
Westinghouse Blec, & 
Mfg. Co. 
Bells, Electric 
Schwarze Blectric Co. 
Westinghouse SBlec. & 
Mfg. Co. 


Belts, Conveyor 
Link-Belt Co. 


ite, Transmiss 
Link-Belt Co. 

Bleachers 

Worcester Bleach & Dye 
Works Co. 


Blocks, Pillew 

Fafnir Bearing Co. 

Blowers 

Clements Mfg. Co 
Electric Blower Co. 
Green Equipment Corp. 
Martindale Electric Co. 

Belts, Nuts and Screws 
Sturtevant Co., B. F. 

Boeks, Technical 

Audel & Co., Theo. 
McGraw-Hill Book Co., 
Ine. 

Boosters 

Allis-Chalmers Mfg. Co. 
General Electric Co. 


Westinghouse Elec. 
Mfg. Co. 


Bexes 


Conduté > 
Appleton Electric Co. 
Johns-Pratt Co. 

Floor Outlet 

Adam Electric Co., Frank 
Hubbell, Inc., Harvey 
Junction and Outlet 
Appleton Blectric Oo. 
General Bleetric Oo. 
Hubbell. Inco.. Harvey 


& 


n Metal Molding 
o. 
Trumbull Flectrie Mfg. 


Co. 
Westinghouse Dlec. & 
Mfg. Co. 
Meter and Service 


General Electric Co. 
Johns-Pratt Co. 
Trumbull Electric Mfg. 


0. 
Westinghouse Elec. & 


Mfg. Co. 
Sectional, Switch & Outlet 
Appleton Bilectric Co. 
Brakes 
Crane = 
Westinghouse Blec. 
Mfg. Co. 
Dise 
Westinghouse Dlec. 
Mfg. Co. 
Electric 


Cutler-Hammer 
Westinghouse 
Mfg. Co. 


Brashes 
Commuatator 


Mfg. 
Elec. 


9 


Baylis Co., The 
Boxill-Bruel Carbon Co. 
Calebaugh Self Lubricat- 
ing Carbon Co. 

Carbon Engineering Co. 
Corliss Carbon Co. 
General Electric Co. 
Hohlman & Hill, Inc. 
Jeandron, W. J. 
Morganite Brush Co., 
National Carbon Co. 
Westinghouse Elec. 
Mfg. Co. 


Controller 

Corliss Carbon Co. 
Dynamic and Carbon 
Boxill-Bruel Carbon 
Corliss Carbon Co. 
Hohiman & Hill, Inc. 
Jeandron W. J. 
Morganite Brush Co., 
National Carbon Co. 
Westinghouse Elec. 
Mfg. Co. 


Brush Holders 


Baylis Company 
Flower. D. B. 
Westinghouse Blec. 
Mfg. Co. 


Bus Ber Supports 


General Electric Co. 
Westinghouse Elec. 
Mfg. Co. 


Bushings 


Appleton Electric Co. 
5 Metal Molding 


Inc. 


Co. 


Cables (See Wire & Cable) 


Cable Accesseries 


Dossert & Co. 

N Service Supplies 
o. 

General Electric Co. 

Westinghouse Elec. & 
Mfg. Co. 

Carbon Brushes 


(See Brushes.) 
Castings, Steel 
Falk Corp. 


Cement 


Commutator 
Martindale Electric Co. 


Chains, Power Transmis- 
sion 
American High Speed 


Chain Co. 
Link-Belt Co. 


Circuit Breakers 


Condit Electrical Mfg. Co. 
Cutler Hammer Mfg. Co. 
Cutter Co. 

General Electric Co. 
Roller-Smith Co. 


Belden Mfg. Co. 

Dossert & Co. 

General Electric Co. 
Ohio Electric & Controller 


Co. 
Sundh Blectric Co. Westinghouse Elec. & 
Westinghouse Elec. & Mfg. Co. e 
Mfg. Co. ' 
Contacts, Carbon & Metal 


Clampe 
Electric Service Supplies 


Co. 

General Blectric Co. 
Westinghouse Dlec. & 
Mfg. Co. 


Cleats 


Graphite 

Corliss Carbon Co. 
Control Systems 
Monitor Controller Co. 
Controller Fingers 
Russell Mfg. Co. 


Narona! Metal Molding | Con ie 

o. troller Regulators 
Square D Oo. Monitor Controller Co. 
Cloth Wipers Controllers 


Aaron Ferer & Sons 


ae ii Co. 
en- ey 
Clutches Industrial Controller Co. 
Lewellen Mfg. Co. 


General Hlectrie Co. 
Johns-Pratt Co. 


Friction 
Allis-Chalmers Mfg. Co. 
Link-Belt Co. 


Magnetic Westinghouse Elec. & 
Cutler-Hammer Mfg. Oo. Mfg. Co. 
Motor 


Coal and Ash Handling 
Equipment 
Link-Belt Co. 


Coatings, Preservative 
Sterling Varnish Co. 


Coll Winding Machines 
Armature Coil Equipment 


Co. 
Belden Mfg. Co. 


Allen-Bradley Co. 
Cutler-Hammer Mtg. Co. 
Electrico Controller Mfg. 


Co, 

General Blectric Co. 
Industrial Controller Co. 
Lewellen Mfg. Co. 
Monitor Controller Co. 
Sundh Blectric Co. 


Picchio Service Supplies . Mtg. Ca 8 
o. esti 
Mutual Foundry & Ma- 2 Co. 


chine Co. 


Coil Winding Tools 
. Service Supplies 


Mutual Foundry & Ma- 
chine Co. 

Coils, Choke 

American Transformer 


General Blectric Co. 
Westinghouse Blec. & 
Mfg. è f 


Coils, Induction 
American Transformer Co. 


Coils, Magnet, Field 
Belden Mfg. Co. 
Compensators 


Automatic 
Cutler-Hammer Mfg. Co. 
General Electric Co, 
Industrial Controller Co. 
F Elec. 
Mfg. 

Manuel 

Allis-Chalmers Mfg. Co. 
Cutler-Hammer Mfg. Co. 
General Electric Co. 
Industrial Controller Co. 
Westinghouse Elec. & 
Mfg. Co. 

Conductors, Armered 
Tubular Woven Fabric 


Conduits 
American Circular Loom 


Monitor Cofftroller Co. 


speed 
onitor Controller Co. 


Cenveyers 


Link-Belt Co, 

Weller Mfg. Co. 
Conveyors, Gravity 
Standard Conveyor Co. 
Cooling Alr Filters 
Midwest Alr Filters, Inc. 


Cord, Flexible 


Belden Mfg. Co. 

Hubbell, Inc., Harvey 
Okonite Co., The 

Rome Wire Co. 

Tubular Woven Fabric 


Cotton Yarns 

Worcester Bleach & Dye 
Works Co. 

Couplings, Flexible 


Allis-Chalmers Mfg. Co. 
Dodge Mfg. Co. 
Falk Corp. 

Gear and 


Foote Bros., 
Machine Co. 

Nuttall Co., R. D. 
Smith & Serrell 
Crane Controllers 
Monitor Controller Co. 


Crane Motors 


Monitor Controller Co. 
Sundh Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 

Cranes, Portable Electric 
Elwell- Parker Co. 


Electric Service 


Co. 

Western Electric Co. 
Cutouts 

General Electric Oo. 
Hubbell, Inc., Harvey 
Johns-Pratt Co. 


American Wiremold Co. 
National Metal Molding 


Co. 
Tubular Woven Fabric 
Co. 


Å. aS 


For the addresses of the 
manufacturers listed 
here, please refer to 
their advertisements in 
this issue. The index to 


advertisers may be found square D 78 een 
rumbu ° 

on page 92. Westinghouse Blec. & 

SS Mfg. Co. 


Co. 
U. 8. Rubber Co, 3 


— 


Supplies 


Koch & Co., Paul W. 
Commutator Sletting 
Hullhorst Micro Tool Co. 


Diagrams, Winding 


Chittenden, Charles L. 
E Book 
. 


Silent Chain 
American High 
Chain Oo. 
Link-Belt Co. 


Dynamos 
(See Generators & Motors) 
Electric Lighting 


Benjamin Bilect. Mfg. Co. 
Western Blectric Ce. 
Westinghouse Elec. & 
Mfg. 


Elevaters & Oenveyers 


Link-Belt Co. 
Weller Mfg. Oo. 


Enamels, Wire, Wood and 
Steel 


Impervious Varnish Co. 
Sterling Varnish Co. 


Engineers, [Huminating 
Westinghouse leo. & 
Mfg. Co. 

Engines ON 
Allis-Chalmers Mfg. Co. 


Fairbanks-Morse & Co. 
Falk Corp. 


Factory Furniture 
Westinghouse Neo. & 
Mfg. Co. 

Factory and Mill Lighting 
Westinghouse Ble. & 
Mfg. Oo. 

Fan Hangers, Hectrie 
Adam Nlectrie Co., Frank 


Fan Moters 


Century Electric Co. 
General Dlectrie Co. 
Westinghouse Blew & 
N Mfg. Co. 


Fans 


Exhaust and Ventilating 
Century Blectric Co. 
General Dlectrie Co. 
National Screw & Mfg. Co. 
Star Blectric Motor Co. 
Westinghouse 
Mfg. Co. 
Files, Commutator Sletting 
Martindale Blectric Oo. 


Filters, Air 
Midwest Air Filters, Inc. 
Fittings 


Conduth 


Appleton Blectric Co. 
8 Metal Molding 


Speed 


lee. & 


Pipe 
oe Bl & 
Mfg. a 
Fixtures, Lighting 


American Fixture Co. 
McGill Mfg. Co. 


Westinghouse Ble. 4 
Mfg. 

Furnaces, Electric 
General Blectric Oo. 
Westinghouse Ele. & 
Mfg. Co. 


(Continued on page 88) 
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Un a centrifugal pump 


Why This G-E Automatic 


Compensator is Popular 


The CR7051-J1 Automatic Compensator for Squirrel Cage Induction 
Motors continues to gain favor. There are four outstanding reasons: 


The Definite Time Accelerating Relay, which gets the motor on the 
line in the quickest possible time: 


The Multiple Rated Auto Transformer applied for the first time by 
General Electric on a standard Compensator. 


The unique method of mounting the starting and running contactors, 
providing ample access to both for inspection and replacement of 
parts, at the same time maintaining ease of installation. 


The Temperature Overload Relay. 


Shown above are four of 40 which the American Can Co. has 
installed on various machine tools; also one at the Warner Sugar 
Refining Co., which has been operating for 18 months in an atmosphere 


General Electric builds a 
type of control for every 


motor application. Each charged with salt, pulverized carbon, and lime. 

device has built into it the 

5 e e k The Industrial Control Specialist in your nearest G-E office can give 
of motors and 5 tt you additional reasons for the popularity of this and other G-E 
more than 30 years. Control Devices. 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY, N. X., SALES OFFICES IN ALL PRINCIPAL CITIES 
ee ——————————————————————— TL ccc acc cca Ee 
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Fuse Clipe 


Trumbull 
Co. 


Fuse Plugs 


Hubbell, Inc., Harvey 
Westinghouse Biec. 
Mfg. Co. 


Fuses 


General Blectric Co. 
Mfg. Co. 

Johns-Pratt Co. 

Trico Fuse Mfg. Co. 
Renewable 

Bussman Mfg. Co. 
Western Electric Co. 
Westinghouse Elec. 4 
Mfg. Co. 

Johns-Pratt Co. 


Gears 


Dodge Mfg. Corp. 

Falk Corp. 

Foote Bros. Gear and Ma- 
chine Co. 

Link-Belt Co. 

General Electric “o. 
Nuttall Co., R. P. 
Smith. Winfield H. 
Westinghouse Elec. 
Mfg. Co. 


Composition 
Chicago Rawhide Mfg. Co. 
General Electric Co. 
Westinghouse Plec. 4 
Mfg. Co. 


Generating Sets 


Allis-Chalmers Mfg. Co. 
Crocker-Wheeler Co. 
General Electric Co. 
Marble-Card Electric Ce. 
Triumph Electric So. 
Westinghouse Elec. 4 
Mfg. Co. 


Generators 


Allis, The Louis Co. 
Allis-Chalmers Bg. Co. 
Burke Electric Co. 
Chandeysson Dlectric Co. 
Crocker- Wheeler Co. 
Electro- Dynamic Co. 
General Electric Co. 
Hertner Electric Co. 
Rellance Elec. & Eng. Co. 
Star Biectric Motor Co. 
Westinghouse lec. & 
Mfg. Co. 


Dlectric Mfg. 


Giue Pots 


Westinghouse 
Mfg. Co. 


Grinders 


Chicago Pneu. Tool Co. 
Fafnir Bearing Co. 
Martindale Electric Co. 


Grounding Devices 
Dossert & Co. 


Hammers 


Pneumatic 

Chicago Pneu. Tool Co. 
Rawhide 

Chicago Rawhide Mfg. Co. 


Elec. & 


Hangers, line Shaft 


American Pulley Co. 
Dodge Mfg. Corp. 
Fafnir Bearing Co. 
Link-Belt Co. 
Hangers, Safety, 
necting 
Thompson Electric Co. 


Heating Devices, Indus- 
trial 


Discon- 


Campbell Mfg. Co. 
General Electric Co. 
Midwest Air Filters, Inc. 
Western Electric Co. 
Westinghouse Dlec. 4 
Mfg. Co. 


Hoists, Electric 
General Electric Co. 
Link-Belt Co. 
indicators, Speed 
(See Tachometers.) 


instrument Transformers 


American Transformer Co. 
General Electric Co. 
Roller-Smith Co. 
Westinghouse Elec. & 
Mfg. Co. 


instruments, Electrical 


Graphic 

Esterline-Angus Co. 
General Electric Co. 
Westinghouse Blec. & 
Mfg. Co. 

Indicating 

Biddle, James G. 

General Electric Co. 
Roller-Smith Co. 

Taylor instrument Co. 
Westinghouse Blec. & 
Mfg. Co. 

Weston Blectrical Ins't 
Corp. 

Integrating 

General Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 


Scientific and Testing Serv- 
sce 

Biddle, James G. 

Esterline-Angus Co. 

Generai Electric Co. 

Roller-Smith Co. 


Westinghouse Elec. & 
Mfg. Co. 

Weston Electrical  Ins’t 
Corp. 


Insulating Material 
Comp. Cloth and Paper 
Belden Mfg. Co. 
General Electric Co. 
Sterling Varnish Co. 


Westinghouse Elec. & 
Mfg. Co. f 

Compounds, Paints ond 
Varnishes 

Belden Mfg. Co. 

Dolph Co., Jonn C. 


General Electric Co. 
Impervious Varnirh Ca. 
Irvington Varnish & Ins. 


Co. 

Martindale Electric Co. 
Sterling Varnish Co. 
Westinghouse Elec. 4 
Mfg. Co. 

Fibre 

General Electric Co. 
Molded 

Belden Mfg. Co. 
Cutler-Hammer Mfg. 


Tape and Webbing 
Anchor Webbing Co. 
General Electric Co. 
Okonite Co., The 

U. 8. Rubber Co. 
Westinghouse Elec. & 
Mfg. Co. 


Insulators 
Electric Service Supplies 


Co. 
General Blectric Co. 
Irvington Varnish & Ins. 


‘o. 

Square D Co. 
Westinghouse Diec. & Mfg. 
Co. 


Lamp Guards 
Electric Service Supplics 


Co. 

Hubbell, Inc., Harvey 
Morse Co., Frank W. 
Westinghouse Flec. & Mfg. 
Co. 


Lamps 


Are 

General Electrie Co. 
Westinghouse Elec. & Mfg. 
Co. 


Incandescent 
Genera! Electric Co. 
Western Blectric Co. 


Nitrogen 

Westinghouse Blec. & Mfg 
Co. 

Trouble 

Benjamin Elect. Mfg. Co. 

Lighting, industrial 
American Fixture Co. 
Benjamin Elect. Mfg. Co. 
Genera! Electric Co. 
Morse Co., Frank W. 

Natl. Screw & Mfg. Co. 
Weaving none Elec. & Mfg. 

o. 


lightning Arresters 
Electric Service Supplies 


Co. 
General Electric Co. 
3 Elec. & Mfg. 
o. 


Line Material 

Bless Service Supplies 
0. 

General Electric Co. 

Western Electric Co. 

eee Elec. & Mfg. 
o. 


Magnetic Separators 
eer Controller & Mfg. 
o. 


Magnets 
Cutler-Hammer Mfg. Co. 
Mallets, Composition 
Miller Rubber Co. of N. Y. 


Material Handling Equip- 
ment 

Link-Belt Co. 

Weller Mfg. Co. 

Metal Stampings 
American Pulley Co. 

Meters 

General Blectric Co. 
Roller-Smith Co. 
Westinghouse Elec. & 
Mfg. Co. 


Meter Testers 

General Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 


Mica Under Cutting Ma- 
chines 


Hullhorst Micro Tool Co. 


Molding, Metal 
National Metal 


Motors 
Allis, The Louis Co. 


Allis-Chalmers Mfg. 
Baldor Blectric Co. 
Burke Electric Co. 
Century Electric Co. 
Chandeysson Electric Co. 
Crocker-Wheeler Co. 
Electro-Dynamic Co. 
General Electric Co. 
Hertner Electric Co. 
Jeannin Electric Co. 
Lincoln Electric Co. 
Marble-Card Electric Co. 
Master Electric Co. 
Natl. Screw & Mfg. Co. 
Reliance Electric & Eng. 


Co. 

Star Electric Motor Co. 
Sturtevant Co., B. F. 
Valley Electric Co. 
Western Electric Co. 
Westinghouse Elec. 4 
Mfg. Co. 


Motor Generators 
Allis, The Louis Co. 


Allls- Chalmers Mfg. 
Burke Electric Co. 

Crocker-Wheeler Co. 
Hertner Blectric Co. 
Reliance Elec. & Engr. 


Co. 
Westinghouse Elec. 4 
Mfg. Co. 
Motor Generator Chargers 
eee Dlectric & Controller 
0. 
Oll Cups 
Gits Brothers Mfg. Co. 


Oil Gages 

Gits Brothers Mfg. Co. 

Outlets 

American Wiremold Co. 

Ovens, Electrie 

General Electric Co. 
Westinghouse Elec. 4 
Mfg. Co. 

Overhead Layout 
Anchorage 

N Steel & Supply 

o. 


Molding 


Co. 


Co. 


Panel Beards 


Adam Electric Co., Frank 
Benjamin Elect. Mfg. Co. 
General Electric Co. 
Westinghouse Blec. 4 
Mfg. Co. 


Panel Board Fittings 
Chicago Fuse Mfg. Co. 
Panels, Switchboard 
General Blectric Co. 


Westinghouse Elec. 4 
Mfg. Co. 

Pinions 

Foote Bros., Gear and 


Machine Co. 
aaa SE öð§—ñ ĩŕ a A 


For the addresses of the 
manufacturers listed 
here, please refer to 
their advertisements in 
this issue. The index tc 
advertisers may be found 
on page 92. 
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Pipe Benders 
Appleton Electric Co. 
Plugs 


General Electric Co. 
Hubbell, Inc., Harvey 
National Metal Molding 


Co. 

Westinghouse Elec. & 
Mfg. Co. 

Attachment 

Hubbell, Inc., Harvey 


Petentiometers 


Biddle, James G. 
General Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 


Power Transmission Appli- 
ances 


Alllea-Chalmers Mfg. Co. 
American Pulley Co. 
Dodge Mfg. Corp. 
Fafnir Bearing Co. 
Lewellen Mfg. Co. 
Link-Belt Co. 

Nuttall Co., R. D. 
Reeves Pulley Co. 
Weller Mfg. Co. 


Projectors, Floodlighting 


Electric Service Supplies 


Co. 
Westinghouse Ele. 4 
Mfg. Co. 


Protective Devices 


Condit Elec. Mfg. Co. 
General Elec. Co. 
Industrial Controller Co. 
Westinghouse Elec. & 
Mfg. Co. 


Pulleys 


American Pulley Co. 
Dodge Mfg. Corp. 
Fafnir Bearing Co. 
Link-Belt Co. 
Reeves Pulley Co. 
Smith, Winfield H. 


Pulling Tools 
Premier Electric Co. 


Pull Sockets 
Hubbell, Inc., Harvey 


Pumps 

Centrifugal 
Allis-Chalmers Mfg. Co. 
Reciprocating 
Allls-Chalmers Mfg. Co. 
Racks, Machine 


Foote Bros. Gear and 
Mach. Co. 


Recorders, Temperature 4 
Pressure 


Taylor Inatrument Co, 


Rectifiers 

General Electric Co. 

voce ae Biec. & Mfg. 
o. 


Reels, Extension 


Appleton Electric Co. 

Reflector Hangers 
Safety Disconnecting 

Thompson Electric Co. 


Reflectors 
Hubbell, Inc., Harvey 
Thompson Electric Co. 
. Elec. & Mfg. 
o. 
Regulators 


Induction Voltage 
General Electric Co. 
Westinghouse Elec. & Mfg. 


Co. 
Speed 
Cutler-Hammer Mfg. Co. 


Industrial Controller Co. 
Monitor Controller Co. 


Temperature and Pressuve 
Electric Controller & Mfg. 


Co. 
Taylor Instrument Co. 


Relays, Overload 
Allen-Bradley Co. 
Repair Data 
McGraw-Hill 
Inc. 
Resistance Units 


General Electric Co. 
Monitor Controller Co. 
Westinghouse Elec. & Mfg. 


Rheostats 


Allen-Bradley Co. 

Biddle, J. G. 
Cutler-Hammer Mfg. Co. 
Electric Controller & Mfg. 


Co. 
General Blectric Co. 


Book Ce.. 
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Industrial Controller Co. 
Westinghouse Elec. & Mfg. 
Co. 

Rivets 

Hubbell, Inc., Harvey 


Rosettes 


Hubbell, Inc., Harvey 
National Metal Molding 


Sanders 
Nichols-Liatern Co., The 
Schools 


Ft. Wayne Correspondence 
School 


Screws, Machine 
Hubbell. Inc., Harvey 


Sea: chiights 

General Blectric Co. 

We stiaghouse Blec. & 
Mfg. Co. 

Secund-Hand Apparatus 
(See Searchlight Section) 
Gregory Electric Co. 

Shapes, Pressed Steel 
American Pulley Co. 


Signals 

Indicating 

Nichols- intern Co., The 
Industrial 

Benjamin Elect. Mfg. Co. 


Silent Chain Drives 
Link-Belt Co. 


Slot Cleaning Toole, Com- 
mutator 


Martindale Electric Co. 
Slotters, Commutater 


Green Equipment Corp. 
Hullhorst Micre Tool Co. 
Martindale Electric Co. 


Sockets and Receptacies 


General Electric Co. 
Hubbell, Inc., Harvey 
National Metal Molding 


Co. 
Westinghouse Elec. & 
Mfg. Co. 


Selda 


Allen Co.. L. B. 
Westinghouse Elec. & 
Mfg. Co. 


Soldering Compeunds 
Allen Co., I.. B. 

Space Heaters 

Cutler- Hammer Mfg. Co. 
Westinghouse Elec. 4 
Mfg. Co. 

Wiegand Co., Bdwin L. 

Speed Reducers 

Falk Corp. 


Foote Bros. Gear & Mach. 
Co. 

Starters, Motor 
Allen-Bradley Co. 
Allis-Chalmers Mfg. Co. 


Cutier-Hammer Mfr. Co. 
Electric Controller & Mfg. 


Co. 
General Electric Co. 
Monitor Controller Co. 
Square D Co. 
Sundh Blectric Co. 
Union Blec. & Mfg. Co. 
Westinghouse Elec. & Mfg. 


Stones, Commutater 


Green Equipment Corp. 
Martindale Electric Co. 


Stop Signals 
Nichols-Lintern Co. The 
Strip Heaters 
Westinghouse Elec. & Mfg. 


Co. 
Wiegand Ce., Edwin L. 
Stringers, Steel 
cy ae Steel 
o. 


Substations, Outdeer 
General Blectric Co. 
„ Elec. & Mfg. 

o. 


Supplies, Electrical 


Fiower, D. B. 

Green Equipment Corp. 

G meral Blectric Co. 

Hubbell, Inc., Harvey 

Weeks, Arthur B. 

Western Electric Ca. 

. Blec. & Mfg. 
0. 


(Continued on page 90) 
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Keep Your Motors Running 


‘Prevent Burnouts and Costly Shutdowns 


T 


> n ` EE wee a A 1 
pat Hk new Cutler-Hammer X But, if the overload during start- replacement of motor and expense 
E Starters keep the motors run- ing or when running maintains long of re-winding. oA 
ming - prevent production delays. enough to cause serious overheating , ; i . 
5 os He A few in stock will take care of $ 
0 i 38 s b ) e O * ( os — e €- Á Š * 
Aside from their long life con— f d ) ek T the requirements for a wide range of 5 — 
i ore damage occurs ` r ‘ a * 
struction—the Herma overload b 8 e i V motors from i hp. up to 7, 10 and 
e . 2 S 30 45 » d å M 
protection allows the motor that IS R 15 hp. depending upon the voltage 4 
thrown across the line sufficient ex- Two safeguards against delays and type of motor. By simply using * 
a s . . ` TA Pe. 
Arise in current does not necessarily First the motor is not unneces- for the 9585 Starter, or the proper $ 
cause the motor to be disconnected, sarily and frequently cut off from KEE EEEE — B 
cause the motor to be disconnected Fa l relay heater coil for the 9586, the 2 
. i one starter is suitable for use with a 
85 Second—burned-out motor wind- motors of various sizes. Let us mail 
WW . . . . . . * is 
— ings are prevented thus eliminating you our new publication No. C25. a 
y THE CUTLER-HAMMER MFG. CO. 7 
Works: Milwaukee and New York ane 
Pas . 
v Branch Offices: a 
¥ 
a New York: 8 W. 40th Street Cleveland: Guardian Bldg. Buffalo: 358 Ellicott Sq. Bldg. 4 
~ * Chicago: 323 N. Michigan Ave. Boston: 52 Chauncy Street Milwaukee: 530 Grand Avenue 25 
7 New CH 0 Pittsburgh: Century Bldg. Detroit: 506 Hofman Bldg. Cincinnati: 415 Dixie Terminal 4 
ae ew C-H Thermal Overload Relay Philadelphia: Com’wealth Bldg. St. Louis: 2111 Ry. Exch. Bldg. Building ed 
1% has ideal protective characteristics. 1 
. Nothing to replace aſter tripping Inquiries from the Pacific Coast may be directed to the Rx 
a A e pren = nue as er Adjust- H. B. Squires Co., Los Angeles, San Francisco, Portland, Seattle aS 
2 able to individual motor loads, giving : - 
ta exceptionally wide application. Northern Electric Co., Ltd., Canada > 
* 22 
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Monitor Controller Oo. Thermometers, Indicating 


What & Where to Buy” 


(Continued from page 88) 


Supplies, Railway 
Electric Service Supplies 


Co. 
Genera] Blectric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Switehbeard Supplies 


Adam Blectric Co., Frank 
Genera] Electric Co. 
Westinghouse Blec. & Mfg. 
Co. 


Switchbeards 


Adam Blectric Co., Frank. 
Allen-Bradley Co. 
Allis-Chalmers Mfg. Co. 
Condit Blectric Mfg. Co. 
General Electric Co. 
Western Electric Co. 
N Elec. & Mfg. 


Battery Charging 
Allen-Bradley Co. 
Crane 
Weatinghouse Biec. & Mfg. 
Co. 
Switch Board Fittings 
Chicago Fuse Mfg. Co. 


Switches 


Air Brake and Pole Top 


Condit Bleetrical Mfg. Co. 
General Electric Co, 
5 Elec. & Mfg. 


Automatic 


Discennecting 

9 Service Supplies 
General Dlectrio Co, 
Industrial Controller Co. 
Trumbull Blectric Mfg. Ce. 
‘Cattinshouse Elec. & Mfg. 
Hlectrio Cutout 

Chicago Fuse Mfg. Co. 


Float 

General Blectric Co. 

Industrial Controller Co. 

. lee. & Mfg. 
o. 


Fuse 

Adam Bilectric Co., Frank. 

Condit Electrical Mfg. Co. 

Westinghouse Elec. & Mfg. 
Ce 

Knife 

Adam Blectric Go., Frank. 

Condit Blectrical Mfg. Co. 

Outler-Hammer Mfg. Ca. 
Cutter Co. 

General Blectric Co. 

Trumbull Electric Mfg. Co. 
Westinghouse Elec. & Mfg. 
Co. 


Magnetic 

Allen-Bradley Co. 
Cutler-Hammer Mfg. Co. 
Industrial Controller Co. 
Monitor Controller Co, 
Sundh Blectric Co. 
Westinghouse Elec. & 
Mfg. Co. 


Oil 
Allen-Bradley Co. 


Condit Electrical Mfg. Co. 
5 Controller & Mfg. 


Genera] Blectric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Remote Control 
Allen-Bradley Oo. 
Cutler-Hammer Mtg. Oo. 
BETI Controller Mfg. 
o. N 
General Blectric Co. 
Industrial Controller Co. 
Monitor Controller Ca, 
Sundh Biectric Co. 
Westinghouse Elec. & Mfg. 
Ce, 


Safety Enclosed 


Adam Blectric Co., Frank. 
General Fiectric Co, 
Johns-Pratt Ca 

Square D Co. 

Trumbull Biectric Mfg. Co. 
Westinghouse Elec. & Mfg. 


Co. 

Sertes 

wee Controller & Mfg. 
Genera] Blectric Go. 


To Industrial Engineer 
7 South Dearborn St., Chicago 


Westinghouse Elec. & Mfg. 
Co. 


Surfece end Flush 


Cutler-Hammer Mfg. Co. 
General Electric Co. 


Hubbell, Inc., Harvey 
McGill Mfg. Co. 

Trumbull Electrico Mfg. Co. 
. Elec, & Mfg. 


Time 


General Electric Co. 
W Blec. & Mfg. 


Synchroneus Motor Starters 


Allen-Bradley Co. 
e Controller & Mfg. 
o. 


Synchroscopes 


General Blectric Co. 

Roller-Smith Co. 

Westinghouse Elec. & Mfg. 
o. 


Weston Electrical Inst 
Corp. 
Tachometers 


Biddle, James G. 


Westinghouse Elec, & 
Mfg. Co. 


Tape & Webbing 
Anchor Webbing Co. 


Okonite Co., The 
U. S. Rubber Co. 


Telephones 
Western Blectric Co. 
Testing Apparatus 
Biddle, James G. 
Century Electrical Ce. 
General Blectric Co. 
Johns-Pratt Co. 
Roller-Smith Co, 
Square D Co. 
Westinghouse Elec. & Mfg. 
Co. 
Weston Nlectrical Inet 
Corp. 


For the addresses of the 
manufacturers li 
here, please refer to 
their advertisements in 
this issue. The index to 
advertisers may be found 
on page 92. 


& Recording 
Taylor Instrument Co. 


Tools 


Klein & Sons, Mathias 

Koch & Co., Paul W. 

Mandand Biectrie Tool 
o. 


Pneumatic 

Chicago Pneu. Tool Co, 

Transfermers 
Allis-Chalmers Mfg. Co. 
American Transformer Co. 
Burke Blectric Co. 
Campbell Mfg. Co. 
General Blectric Co. 
Weetlaghouse Blec. & Mfg. 

0. 


Transmissions 

Veriable Speed 

Lewellen Mfg. Co. 

Reeves Pulley Co. 

Ball Bearing 

Dodge Mfg. Oo. 

Lewellen Mfg. Co. 

Reeves Pulley Co. 
Tracks & Tractors 
Industrial Electric 
Elwell- Parker Electric Oo. 
Tubing, Light Wall Steel 
American Circular Loom 

Oo. 


Undercutting Machines, 
Mica 
Hullhorst Micro Tool Co. 


Varnishes, Cable 
Impervious Varnish Co. 


Sterling Varnish Co. 


Ventilating Air Filters 
Midwest Air Filters, Inc. 

Ventilaters 
Nichels-Lintern Co., The 


Welders, Aro 

Burke Blectric Co. 
General Blectric Co. 
Lincoln Blectric Co. 
. Blec. & Mfg. 
Welding Machines 

Genera] Blectric Oo. 

Ver eco leo. & Mfg. 


Wipers, Cleth ? 
Aaron Ferer & Bons 
Wire & Cable 

Bere Copper 


American Insulated Wire 
& Cable Co. 


$2.00 for a Year of Service—$3.00 for Two Years 


Considering the limited purchasing power of the average two dollar bill, it may seem hard to believe that a year 
of comprehensive assistance to the operating-maintenance man costs but $2.00. 


Yet that is the price of a year’s subscription to the Industrial Engineer—$3.00 for two years. (If this blank is used.) 
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Phillipe Wire Oo. 
Rome Wire Co. 


Enameled 


American Bnameled Mag- 
net Wire Co. 

Belden Mfg. Co. 

Maring Wire Oo. 


Insulated 


Okonite Co., The 
Tubular Woven Fabric Ce. 


Magnet 

American Enameled Mag- 
net Wire Co. 

Belden Mfg. Co. 

Maring Wire Oo. 

Rome Wire Co. 

Western Blectric Oe. 
York Insulated Wire Ce. 
of G. I. Co. 


Magnet, Faameled 
Belden Mfg. Co. 


Rome Wire Co. 


Reinforced, Flesible 
Rome Wire Co. 


Simplex Wire & Cable Co. 
Tubular Woven Fabric Oe. 


Resistance 


General Biectric Co. 
Westinghouse Nee. & Mfg. 
Ce. 


Repe 
American Steel & Wire Oe. 
Rubber Covered and 


Weatherproof 


American Ineulated Wire 
& Cable Co. 

American Steel & Wire Oo. 
Belden Mfg. Co. 

Indiana Rubber & Insua- 


lated Wire Co. 
National Metal Molding 


Oo. 
Okonite Co., The 
Phillips Wire Oo. 
Rome Wire Co. 

Simplex Wire & Cable Oo. 
Tubular Wovon Fabric Co, 
U. 8. Rubber Ce. 
Western Biectric Oe. 


Underground (Cable) 
Rome Wire Ca. 
Vernished Combric 
Okonlte Co., The 
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No Job Is Too Hard for Duracord 


Every part of DURACORD has ample strength to stand the hard 
knocks of everyday service. 


Its conductors are composed of fine strands of pure copper—they 
help make DURACORD extremely flexible. 


DURACORD 


REC. U.S. PAT. OFF 


The DURACORD cover is woven parallel to the conductors. It resists jerks 
and pulls and prevents the copper stretching and breaking inside the cord. 


Check up with your maintenance man on the number of breakdowns caused by 
conductors stretching. You'll find they form a large portion of your cord troubles. 


If DURACORD did nothing but rid your plant of this trouble, you would be 
justified in putting it on the job. 

Ask your Electrical Supply Jobber for a trial order of DURACORD! Test it 
out! You'll find it costs less per month of service. 


TUBULAR WOVEN FABRIC CO. 


PAWTUCKET, R. I. 


Makers of 
DURA DUCT—Non-metallic Conduit 
DURAFLEX—Armored Cable. 
DURA WIRE—Flexible Cords. 
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ALPHABETICAL INDEX TO ADVERTISERS 


Adam Electric Co., Frank 66 
Allen Co., k Inn! odaiess Worsted: 54 
Allen-Bradley Co h —— cone 15 
KAllis- Chalmers Mfg. Co. 2nd Cover 
Allis Co., The Louis . 29, 30 
American Circular Loom C2222 76 


American Enameled Magnet Wire Co....78 


American Fixture CO 2 63 
American High Speed Chain C 46 
American Insulated Wire & Cable Co....78 
American Pulley Co... — 49 
American Resistor C ee cee eee e eee 27 
American Steel & Wire C04 13 
American Transformer Co... .a..aa0000000200. 85 
American Wireimold co cee eee 80 
Anchor Webbing Co-ᷣᷣ 2 —— 76 
Appleton Electric C2222 ——.— 11 
Armature Coil Equipment Cor 78 
Audel & Co., Theo . 84 
Baldor Electric Cow... ee ey eee mere 56 
Baylis Company, The 42 
Belden Mfg. Z BÄ6 .uůU 8 77 
Biddle, James G ·˙U˙i cecceecece. 69 
Boxill-Bruel Carbon Co 9 
Burke Electric 60. 56 


Bussmann Mfg. C0 223 


Calebaugh Self-Lubricating Carbon Co. 40 


Campbell Mfg. Co. oeoa 14 
Carbon Engineering Co 10 
Century Electric Co 57 
Century Electrical Co 61 
“handeysson Electric Co 56 
Chicago Pneumatic Tool Coe 71-72 
Chicago Rawhide XIfR. Cow... 200... 39 
Chittenden, Charles I eee 84 
Clements MA r · 60 
Condit Electrical Mfg. Corp G 
Corliss Carbon Co 2 
Crocker-Wheeler Co 61 
Cutler-Hammer Mfg. Co... e 21, 89 
Cutter Co., The 8rd Cover 
Dodge Mfg. CO ;ʒvqq DBUU cece eee 19-20 
Dolph Co., The John q 8 
Possert & Coser sc dea ae a ees 8 76 
Electrice Blower ?:? r³ aie caee 60 


Electrice Controller & Mtg. Co 28 


Electric Service Supplies Co 58 
Electro- Dynamic Co 31 


l Well-l'arker Electric Co... 3 54 


auipment Wanted 84 


Fafnir Bearing Co., Tho 43 
Falk Corp., I hi tl odistieseeoenudle: 17 
Ferer & Sons, Aaron 70 
Flower , éĩ c 39 
Foote Bros. Gear & Mach. “Oo 44 
Por Sa TT enee EE ES 84 


It. Wayne Correspondence School........84 


General Electric Co. 8, 25, 52-53, 87 
Gits Brothers Mfg. Co ee eee 58 
Green Equipment Corp eee 69 
Gregory Electrice e eee 84 
Hertner Electric Co...... EEEE ET 60 
Hohman & Hill. Inc. ——— ee 12 
Hubbell, Ine., Harve v. 8 12 
Hullhorst Micro Tool Co., The. 62 
Hyatt Roller Bearing Co 7 
Impervious Varnish CO 2 67 
Indiana Rubber & Insulated Wire Co. 79 
Industrial Controller CO. Back Cover 
Industrial Engineer 74 
Irvington Varnish Co 81 
ain, k ee eres 58 
Jeannin Electric Co Radiesse 61 
Johns-Pratt r ð ieee 18 
Klein & Sons, Nlathias 2 — 6 7 
Koch & Co., Paul h 39 
Leather Belting Exchange 46 
Lewellen Mfg. CO 50 
Lincoln Electric CO. e 4-5 
Elk ne a oe eG ere ery es 51 
Marble-Card Electric Co., The. 58 
Maring Wie ]ð y ĩð ? 78 
Martindale Electric CO 2 2 eee 82 
Master Electric Co. 2222 22 cece 56 
McGraw-Hill Book C 48, 55, 68 
McGraw-Hill Co., Ine 64-65 
Midwest Steel & Supply CO 8 50 
Miller, Rubber Co. of N. 222 39 
Monitor Controller CO —— 24 
Morganite Brush Co., Inc ee 
Morse Co., Frank W — : 69 
Mutual Fdry. & Mach. CO- —..5 4 — 


National Carbon Co 11 
National Electric Light Association. ... 33 


National Metal Molding Co 1 
National Screw & Mfg. Co 62 
Nichols-Lintern Co., The e. 66 


Norma -Hoff mann Bearings Corp. 48 
Nuttall Co., R. I ds secied ness cccietennes 82 
Ohio Electrice & Controller C 40 
Okonite Co., he et TINTE 16 


Okonite-Callender Cable Co., Inc.. The..16 


Phillips Wire r 78 
Positions Vacant ꝛ2 cece ences eee ee eee eee 84 
Positions Wanted 84 
Premier Blectrie d 8 10 
Reeves Pulley ,,,; 8 19 
Reliance Electric & Engineering Co....59 
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U,RE- LITE-- 


NDUSTRIAL ENGINE 


FOOL-PROOF PROTECTION 


LOOL ROOF PROTECTION” is not merely an idle 


statement—it is an important Cutter fact. Cutter Engi- 
neers designed U-Re-Lite to give just such protection to 
lighting and power circuits and electrical equipment by 
opening the circuit in the event of overloads or short cir- 
cuits. U-Re-Lite does what fused switches and overload re- 
lays are supposed to do, but it does it without any expense. 


It is fool-proof because it cannot be tampered with, once 
it is set and its protecting case is locked by the man in 
charge. You can’t defeat its purpose by even holding the 
handle against an overload or short circuit. The switch 
members trip out just the same, and your valuable motors 
and other equipment are permanently safe. No fuses are 
necessary in the circuit. 


A simple twist of the handle ON THE FRONT of the 
box resets U-Re-Lite after it has been tripped open. 


CRE LITE 


is The I- I- E Circuit Breaker in the Steel Box.” Thirty-six years of 
wide electrical experience has been built into U-Re-Lite. It can’t go 
wrong because it’s CUTTER-made. 

U-Re-Lite prevents loss of time and money due to blown-out fuses 
and it keeps production losses down to a minimum. It eliminates all 
fuses and renewal parts and lasts a lifetime with no upkeep cost. 

` * ` 

Cutter Engineers have set down their most valuable knowledge on 
Electrical Protection — based on 36 years of wide engineering and 
manufacturing experience—into a fully illustrated, bound HAND- 
BOOK that every industrial executive and plant engineer should 
have in his possession. It is yours for the asking. 


THE CUTTER COMPANY 
ESTABLISHED 1888 — PHILADELPHIA 
1824 Hamilton Street 


CUTIER 


I-T-E CIRCUIT BREAKERS 


NDUSTRIAL ENGINEE 
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Each part is a masterpiece, 
each simple in design an 
construction, each capable of 
easy installation, each part 
of each section standard and 
interchangeable—and such a 
compact unit! Let us tell 
you of the big Detroit auto- 
mobile plants equipped with 
“IC”? Automatics. 


A—The Automatic Compen- 
sator 


B—The Control Station 
C—The Motor Service 


Switch and Test Jack 
Combined. 


Class 8605-2400 


ere is what it eliminates-theoldway 


3-THE AUTOMATIC 4-THE CENTRAL 


1- THE SW! TCH 2-THE KNIFE TEST COMPENSATOR. CONTROL STATION 
Industrial Controller Co. 
lwaukee, Wiscon 
DISTRICT OFFICES: S 
Boston Chicago ! Cleveland 


Detroit New York Philadelphia 
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